Katholieke Universiteit Leuven
Faculteit Psychologie en Pedagogische Wetenschappen
Laboratorium voor Experimentele Psychologie

yunterexamples

Proefschrift aangeboden

tot het verkrijgen van de graad van

Doctor in de Psychologische Wetenschappen
door Wim De Neys

Promotor: Prof. Dr. G. d'Ydewalle
Copromotor: Prof. Dr. W. Schaeken

2003






DE NEYS Wim, In search of counterexamples. A specification of the memory
search process for stored counterexamples during conditional reasoning.
Dissertation submitted to obtain the degree of Doctor in Psychology, May 2003.

Supervisor: Prof. Dr. G. d'Ydewalle, Co-supervisor: Prof. Dr. W. Schaeken

When people reason with meaningful conditionals in daily life (e.g., ‘If the brake is pushed,
then the car siows down’) they rely on stored background knowledge about the conditional. Most
people will, for example, remember that cars can also slow down when the gear is shifted or that in
case of black ice the car might start slipping instead of slowing down. Retrieval of this kind of
background knowledge, also known as counterexamples, has a profound impact on the inferences
people draw. The effects of retrieved counterexamples on the reasoning process are well established.
However, it is not yet established how the counterexamples are actually retrieved. Current reasoning
theories lack a specification of the background knowledge search process. This thesis addresses the
shortcoming. The basic goal is a specification of the processing characteristics of the counterexample
search during everyday conditional reasoning.

Chapter 1 presents the general framework. The impact of background knowledge on the
reasoning process has become one of the most intensely studied topics in the conditional reasoning
field. In particular, the role of the availability of two specific types of stored background knowledge,
alternative causes and disabling conditions (or counterexamples in short), has attracted interest.
Chapter 1 reviews the pioneering studies and presents the reasoning model of Markovits and
colleagues (e.g., Markovits & Barrouillet, 2002) that served as a starting point for the thesis.

The pioneering studies established that the number of stored counterexamples and the
strength of association of stored counterexamples affected successful retrieval. However, the
importance of the strength of association factor was only examined for one type of counterexample,
the alternative causes (alternatives). The study reported in Chapter 2 solved this shortcoming and
established that the outcome of the disabler search process is also determined by the associative
strength factor.

The study described in Chapter 3 started with an examination of the relation between
different factors affecting the retrieval of stored counterexamples. We.found high positive correlations
between the number of counterexamples, their associative strength, and plausibility. This supported
the central assumption that in a memory structure with many stored elements, successful
counterexample retrieval is more likely. The study also characterized the time course of the search
process and examined individual difference in search efficiency. As expected we found that the search
time depends on the number of stored counterexamples and that the reasoning performance is
affected by the efficiency of the disabler retrieval.

Chapter 4 specified the “stopping” characteristic of the retrieval process. We established that
during everyday conditional reasoning the search does not stop after retrieval of a single
counterexample. Instead, the search continues and, if possible, additional counterexamples will be
activated. Every additionally retrieved counterexample will gradually decrease the inference
acceptance.

The study reported in Chapter 5 examined whether the counterexample search is purely
automatic or whether the search also draws on executive working memory (WM) resources. A
combination of correlational and dual-task studies indicated that the search starts with an automatic,
spreading of activation but that WM-resources are recruited for a more efficient retrieval. Findings
further established that participants highest in WM-capacity spontaneously allocate WM-resources to
an inhibition of the automatic counterexample activation when the type of counterexample conflicted
with the logical validity of a reasoning problem.

Chapter 6 tested specific trend predictions concerning the relation between WM-capacity and
reasoning performance for different inferences types. Findings further supported the proposed WM-
dependent retrieval mechanism.

In the concluding Chapter 7, we wrap up the findings and sketch a model of the
counterexample retrieval process based on the established search specifications.
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Wanneer mensen met dagdagelijkse conditionele zinnen redeneren (bv. ‘Als de rem wordt
ingeduwd, dan vertraagt de wagen’) maken ze gebruik van opgeslagen achtergrondkennis over de
conditionele zin. De meeste mensen zullen bijvoorbeeld bedenken dat een wagen ook kan vertragen door
naar een lagere versnelling te schakelen of dat in geval van ijzel de wagen kan slippen in plaats van te
vertragen. Het terugvinden van dit soort achtergrondkennis, ook tegenvoorbeelden genoemd, heeft een
sterke impact op de inferenties die mensen maken. De effecten van teruggevonden tegenvoorbeelden zijn
goed gedocumenteerd. Er is echter nog niet verduidelijkt hoe mensen de tegenvoorbeelden eigenlijk gaan
zoeken. De huidige redeneertheorieén missen een specificatie van het zoekproces naar de opgeslagen
achtergrondkennis. Dit proefschrift tracht deze tekortkoming te verhelpen. Het doel is een elementaire
specificatie van de karakteristieken van het zoekproces naar opgeslagen tegenvoorbeelden tijdens alledaags
conditioneel redeneren.

Hoofdstuk 1 behandelt het algemene denkraam. Het onderzoek naar de impact van
achtergrondkennis op het redeneren is de laatste jaren uitgegroeid tot dé centrale onderzoeksproblematiek
binnen het conditioneel redeneerveld. Vooral het onderzoek naar de beschikbaarheid van twee specifieke
types van opgeslagen achtergrondkennis, mogelijke alternatieve en verhinderende omstandigheden (of
kortweg tegenvoorbeelden), heeft veel aandacht opgegist. Hoofdstuk 1 geeft een overzicht van de
baanbrekende studies en stelt het redeneermodel van Markovits (bv. Markovits & Barrouillet, 2002) voor
dat als vertrekpunt voor het proefschrift fungeerde.

De vroegere, baanbrekende studies toonden aan dat het aantal opgeslagen tegenvoorbeelden en
de associatiesterkte van de tegenvoorbeelden de kans dat het zoekproces met succes een tegenvoorbeeld
terugvindt bepaalden. Het belang van de associatiesterkte werd echter enkel onderzocht voor één type
tegenvoorbeelden, de alternatieve omstandigheden. De studie die gerapporteerd wordt in Hoofdstuk 2 loste
deze tekortkoming op en bevestigde dat de uitkomst van het zoekproces naar opgeslagen verhinderende
omstandigheden ook bepaald wordt door de associatiesterkte.

De studie die beschreven wordt in Hoofdstuk 3 begon met het in kaart brengen van de relatie
tussen de verschillende factoren die een effect hebben op het vinden van een tegenvoorbeeld. We vonden
hoge positieve correlaties tussen het aantal tegenvoorbeelden, de associatiesterkte van de
tegenvoorbeelden en hun plausibiliteit. Dit bevestigde de centrale assumptie dat het waarschijnlijker is dat
er een tegenvoorbeeld gevonden wordt in een geheugenstructuur met veel opgeslagen elementen. De
studie specificeerde ook het tijdsverloop van het zoekproces en onderzocht interindividuele verschillen in de
efficiéntie van het zoekproces. Zoals verwacht vonden we dat de zoektijd afhangt van het aantal
opgeslagen tegenvoorbeelden en dat de redeneerprestatie afhankelijk is van hoe goed men verhinderende
omstandigheden kan terugvinden.

Hoofdstuk 4 specificeert de “stop” karakteristiek van het zoekproces. We toonden aan dat het
zoekproces tijdens dagdagelijks conditioneel redeneren niet stopt nadat één enkel tegenvoorbeeld is
teruggevonden. Het zoekproces zal verdergezet worden en indien mogelijk zullen bijkomende opgeslagen
tegenvoorbeelden geactiveerd worden. Eik bijkomend teruggevonden tegenvoorbeeld zal de inferentie
aanvaarding gradueel doen dalen.

De studie die gerapporteerd wordt in Hoofdstuk 5 onderzocht of het tegenvoorbeeld zoekproces
puur automatisch verloopt of dat er een beroep wordt gedaan op het werkgeheugen (WG) bij het zoeken.
Een combinatie van correlationeel en dubbeltaak onderzoek verduidelijkte dat het zoeken wel start met een
automatische activatieverspreiding, maar dat nadien gebruikt wordt gemaakt van het werkgeheugen voor
een efficiénter zoeken. De bevindingen wezen er verder op dat proefpersonen met de grootste WG-
capaciteit hun WG-capaciteit spontaan aanwenden voor het inhiberen van het automatisch zoekproces in
het geval de aard van een tegenvoorbeeld conflicteert met de logische validiteit van een redeneerprobleem.

In Hoofdstuk 6 werden specifieke trend predicties getest in verband met de relatie tussen WG-
capaciteit en redeneerprestatie voor verschillende inferentietypes. De bevindingen ondersteunden verder
het voorgestelde WG-afhankelijke tegenvoorbeeld zoekmechanisme.

In het afsiuitende Hoofdstuk 7 worden de bevindingen samengevat en wordt een model van het
zoekproces geschetst op grond van de gespecificeerde proceskarakteristieken.
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General framework and overview

Suppose you are told ‘If Mark tumns the ignition key, then his car will start’. If you are told
next that Mark‘s car started, it is likely that you will conclude that the ignition key was
turned. However, suppose that you would have been reminded of the fact that the car might
also be hot wired by a car thief or started with a push button. In that case you would probably
have been rather reluctant to conclude that the ignition key was turned. Likewise, when you
are told that Mark turned the ignition key, you might initially conclude that his car will start.
However, if you would consider that the fuel tank might be empty or that the engine might be
broken, you would be less prepared to accept the conclusion.

The ability to think conditional, ‘if, then’, thoughts is considered one of the
cornerstones of our mental equipment. As Edgington (1995, p. 235) puts it “there would not
be much point in recognizing that there is a predator in your path unless you also realize that
if you don’t change direction pretty quickly you will be eaten”. Similarly, when someone
warns you ‘If you don’t stop bugging me, I'll beat you’ and you want to avoid being beaten
up by an angry person, you need to draw a conditional inference. Given the central role
conditional reasoning plays in our causal knowledge system and social interactions it is not
surprising that it is has become one of the most intensely studied topics in human reasoning
research (Evans, Newstead, & Byrne, 1993).

In daily life people typically reason with meaningful, realistic conditionals (e.g., ‘If the
ignition key is turned, then the car starts’). As the introductory example makes clear, our
long-term memory contains relevant background knowledge about these conditionals.
Accessing and retrieving this knowledge will affect the kind of inferences people draw. If you
remember that cars do not start when the fuel tank is empty or that a car thief may start a car
by hot-wiring it, this will prevent you from drawing certain inferences. Likewise, the cartoon
on the previous page illustrates how Calvin erroneously concluded that plants would die if he
did not water them because he failed to think of rain as possible cause for the plants’ survival.

The impact of background knowledge on the reasoning process has long been
acknowledged (e.g., Matalon, 1962; Staudenmayer, 1975). Current reasoning theories propose
a number of accounts that try to explain how retrieved background information affects the
reasoning process. However, the more basic question of how the background information is
actually retrieved has not yet been dealt with. This issue lies at the heart of the present
dissertation. The primary ‘goal is a specification of the characteristics of the background
knowledge retrieval process during everyday conditional reasoning. The research will focus
on the retrieval of two specific types of stored background knowledge known as

‘counterexamples’: Alternative causes and disabling conditions.
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1. INTRODUCTION

In.the last few years research on the impact of background knowledge on the
reasoning process has moved to the center stage of the conditional reasoning field (Evans,
2002; Evans et al., 1993; Manktelow, 1999). In particular, the role of the availability of
alternative causes and disabling conditions has attracted interest.

An alternative cause (alternative) is a possible cause that can also produce the effect
mentioned in the conditional (e.g., hot wiring the car in the introductory example). A
disabling condition (disabler) prevents the effect from occurring despite the presence of the

cause (e.g., a broken engine in the introductory example). Consider the following conditional:
If Jenny turns on the air conditioner, then she feels cool

Possible alternative causes for this conditional are:
Taking off some clothes, the weather cools, taking a swim...

The alternatives make it clear that it is not necessary to turn on the air conditioner in order to

feel cool. Other causes are also possible.

Possible disabling conditions are:

Air conditioner is broken, having fever, window open...

If such disablers are present, turning on the air conditioner will not result in feeling cool. The
disablers make it clear that it is not sufficient to turn on the air conditioner in order to feel
cool. Additional conditions must be fulfilled.

Investigations of conditional reasoning typically ask people to assess arguments of the

following four kinds (in their abstract form):

Modus Ponens (MP) If p then q, p, therefore q
Modus Tollens (MT) If p then g, not q, therefore not p
Denial of the Antecedent (DA) If p then q, not p, therefore not q
Affirmation of the Consequent (AC) If p then q, q, therefore p
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The first part of the conditional (p) is called the antecedent, and the second part (q) is called
the consequent. In standard logic MP and MT are considered valid inferences, while AC and
DA inferences are considered fallacies. So, when you are told ‘If the ignition key is turned,
then the car will start’ and you receive the information that the ignition key was turned, then
logic tells you to accept the conclusion that the car will start (an MP inference). Likewise, if
you receive the information that the car does not start, you should infer that the ignition key
was not turned (an MT inference). On the other hand, logically speaking, from the
information that the car starts, you should not infer that the ignition key was turned (an AC
inference). Likewise, upon knowing that the ignition key was not turned you should reject the
conclusion that therefore the car will not start (a DA inference).

In a pioneering study, Rumain, Connell, and Braine (1983) showed that when a
possible alternative was explicitly presented to participants, the AC and DA inferences were
less endorsed. Byrne (1989) replicated this effect and observed a similar effect on MP and
MT when a possible disabler was mentioned. Consider, for example, the following

conditional:
If she has an essay to write, then she will study late in the library.
Byrne (1989) found that explicitly presenting a possible alternative, for example,

If she has an essay to write, then she will study late in the library.
If she has some textbook to read, then she will study late in the library.

resulted in fewer AC (‘She will study late in the library. Therefore, she has an essay to write’)
and DA (‘She does not have an essay to write. Therefore, she will not study late in the

library.”) inferences. Explicitly presenting a possible disabler, for example,

If she has an essay to write, then she will study late in the library.
If the library stays open late, then she will study late in the library.

resulted in an increased rejection of the MP (‘She has an essay to write. Therefore, she will
study late in the library.”) and MT (‘She will not study late in the library. Therefore, she has

not an essay to write’) inferences. These findings have come to be known as the suppression
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effect (see Dieussaert, Schaeken, Schroyens, & d’Ydewalle, 2000, for a detailed discussion).
Further on, I adopt Byrne’s (1989) terminology and will refer to altemnatives and disablers as
counterexamples. ) ]

Further research established that the suppression effect arises even without explicit
counterexample presentation (e.g., Cummins 1995; Cummins, Lubart, Alksnis, & Rist, 1991;
Markovits, 1986). Cummins (1995) and Cummins et al. (1991) addressed the role of stored
counterexample retrieval by examining the effect of the number of counterexamples that are
available for a conditional. In a pretest participants were asked to generate as many
counterexamples as possible for a set of conditionals. On the basis of the number of generated
items, the conditionals were classified in groups with many or few alternatives and disablers.
These conditionals were adopted for a conditional reasoning task with a new group of
participants.

Cummins’ (1995) results showed that people accepted the AC and DA inferences less
frequently for conditionals with many possible alternatives (e.g., ‘If plants are fertilized, then
they grow well’) than for conditionals with only few possible alternatives (e.g., ‘If Dan grasps
the glass with his bare hands, then his fingerprints are on it’). Furthermore, although the valid
MP and MT inferences were accepted quite frequently for conditionals with only few possible
disablers (e.g., ‘If water is heated to 100°C, then it boils’), a large number of possible
disablers (e.g., ‘If Anna studies hard, then she does well on the test’) also resulted in a
decreased MP and MT acceptance. Alternatives and disablers were not explicitly presented,
indicating that during conditional reasoning people spontaneously search their long-term
memory for stored counterexamples. Thereby, the number of available counterexamples will

laffect the probability of successful counterexample retrieval and this will determine the
conclusions people draw.

It is widely acknowledged that a theory of conditional reasoning cannot be complete
without a full understanding of the counterexample retrieval process (e.g., Johnson-Laird &
Byme, 1994; Thompson, 1994). A vast amount of research in connection with the suppression
effect has already resulted in a number of accounts (e.g., Byme, Espino, & Santamaria, 1999;
Johnson-Laird & Byrne, 2002; Oaksford & Chater, 1998; Politzer, in press; Thompson,
2000). However, these accounts try to explain how the retrieved information affects the
reasoning process. The more fundamental question of how the information is actually
retrieved has not yet been dealt with. The characteristics of the search process itself remain

largely unknown (Johnson-Laird & Byme, 1994; Oaksford & Chater, 2001). It is telling that
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Johnson-Laird and Byre use this lack-of-knowledge as an argument to counter the critique

that their reasoning theory is not specifying the search process:

“_.., so far, no evidence has revealed anything about the search process itself.
The theory accordingly refrains from specifying the process. To refrain from
speculation seemed like prudence rather than a major flaw.” (Johnson-Laird &
Byme, 1994, p. 776)

The present dissertation tries to fill this crucial ‘knowledge-gap’. The goal of the research is
specifying the processing characteristics of the counterexample retrieval during everyday
conditional reasoning. It is obvious that the core of the research will involve an interplay
between reasoning and memory research. The starting point is the work of the research group
of Markovits and colleagues. Recently, these researchers proposed a first, raw sketch of the
search process (e.g., Barrouillet, Markovits, & Quinn, 2001; Markovits & Barrouillet, 2002;
Markovits, Fleury, Quinn, & Venet, 1998; Markovits & Quinn, 2002; Quinn & Markovits,
2002). The innovative aspect of their work is that the proposed specification was based upon
general principles and assumptions from influential memory models (e.g., Anderson, 1983,
1993; Anderson & Lebiere, 1998; Cowan, 1995, 2001). The sketched search mechanism was
also incorporated into a general model of conditional reasoning.

The next section gives a brief overview of the Markovits model (see Markovits &
Barrouillet, 2002, for an extensive review). The reader who needs a more general review of
studies that examined the impact of retrieved counterexamples on the reasoning performance

is referred to Politzer (in press) and Politzer and Bourmaud (2002).
2. GENERAL FRAMEWORK
2.1 Overview of Markovits’ model
2.1.1 Specification of the counterexample search mechanism
The Markovits model sfates that when people are confronted with a conditional, they
will start constructing a basic mental representation of the elementary information the

conditional contains. The elementary information concerns the antecedent and consequent of

the conditional and the fact that the occurrence of the antecedent is associated with the
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occurrence of the consequent. This representation is maintained in working memory. Working
memory is simply conceived as the activated (above a certain threshold) portion of long-term
memory (e.g., Cowan, 1995; Engle & Oransky, 1999). Next, memory structures in long-term
(semantic) memory storing relevant information for the evaluation of the conditional will be
automatically activated. As suggested by many authors (Anderson, 1993; Cowan, 2001;
Logan, 1988), it is assumed that activation will automatically start to spread from the
elements in working memory or the ‘focus of attention’ towards related elements in long-term
memory.

The crucial memory structures during conditional reasoning contain alternatives and
disablers linked with the conditional. There is also an important third type of structure that
contains ‘complementary’ elements. The complementary elements refer to cases for which
both the relationship and the events concerned are.complementary to those specified in the
original conditional (i.e., cases where events different from p are associated with not-q). For
example, the complementary structure for the conditional ‘If it rains, then the streets get wet’
would be composed of such cases as ‘The sun shines and the street is dry’ and ‘It is only
cloudy, and the streets are dry’.

According to many memory models (e.g., Anderson, 1983; Gillund & Shiffrin, 1984),
the probability of retrieving at least one element from a semantic memory structure will
increase when the number of elements stored in the structure increases. More specifically, the
probability of retrieving at least one alternative from the memory structure storing alternatives
will be higher for conditionals with many (vs. few) possible alternatives. Likewise, the
probability of retrieving at least one disabler from the memory structure storing disablers will

be higher for conditionals with many (vs. few) possible disablers.
2.1.2 Incorporation in mental models theory

Markovits incorporated this general specification of the counterexample search
process in the mental models theory (MMT, see Johnson-Laird, 1983) in order to explain how
a retrieved counterexample would affect the inferences one draws.

Mental models theory basically states that people reason by constructing and
manipulating internal representations (mental models) of the information a reasoning problem
contains. According to Markovits, the before mentioned elementary representation that people

construct when confronted with a conditional amounts to a first, initial model. For example,
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presented the conditional If the brake is pushed, then the car slows down’, a reasoner will

construct an initial model similar to this one:

brake --- slow

The initial model links the occurrence of the antecedent and consequent of the conditional.
Therefore, based on the initial model, the MP (e.g., ‘The brake is pushed, therefore the car
slows down’) and AC (e.g., ‘The car slows down, therefore the brake was pushed.’)
inferences will be accepted; there are no models that contradict the conclusions.

The initial model can be extended depending on the outcome of the memory search
process. Successful retrieval of a complementary case will lead to the construction of an
additional model that expresses the fact that the absence or non-occurrence of the antecedent

is associated with the absence of the consequent. For example:

brake --- slow

not brake - not slow

When such an additional model is constructed, the MT (‘The car does not slow down,
therefore the brake was not pushed.’) and DA (e.g., ‘The brake was not pushed, therefore the
car does not slow down’) inferences will be accepted. The first model tells us only something
about the case where antecedent and consequent do occur and does not contradict the second,
complementary model.

However, successful retrieval of an alternative will lead to the construction of an
additional model representing that the consequent can occur without the antecedent. For

example:

brake --- slow
not brake --- not slow

not brake --- slow

‘Based on this model, the AC and DA inferences will be less accepted; the AC and DA
conclusions that were originally supported by the initial and complementary model are

contradicted by the alternative model.
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Finally, successful retrieval of a disabler will result in the construction of a model
where the occurrence of the antecedent is not associated with the occurrence of the

consequent. For example:

brake --- slow
not brake --- not slow

brake --- not slow

This model will lead to an increased rejection of the MP and MT inferences; the additional
disabler model contradicts the MP and MT conclusions that were originally supported by the
initial and complementary model.

Markovits’ conditional reasoning model provides a good explanation for Cummins’
(1995) findings. For conditionals with few possible alternatives the probability of successful
alternative retrieval will be rather low. Thus, for most people the alternative search will be
unsuccessful. Therefore, they will stick to the initial and complementary models and
consequently accept the AC and DA inferences. For conditionals with many possible
alternatives the probability of successful alternative retrieval will be rather high. Therefore,
most people will construct an additional alternative model that will result in a decreased AC
and DA acceptance. Likewise, the probability of successful disabler retrieval will increase for
conditionals with many possible disablers. Therefore, it will be more likely that an additional
disabler model is constructed and consequently MP and MT acceptance will decrease for the

conditionals with many possible disablers.

2.2 Focus and scope of the research

2.2.1 Everyday reasoning

The present thesis does not examine the counterexample retrieval in a formal,
deductive reasoning task, but rather in a situation closer to everyday reasoning. The studies
adopt realistic conditionals so that participants have access to relevant background knowledge
about counterexamples. Furthermore, contrary to most conditional reasoning studies,
participants are not specifically instructed to reason logically (e.g., participants are not
instructed to accept the premises as always true or to derive only conclusions that follow

necessarily). Instead, participants are told that they can use the criteria they personally judge
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relevant for the evaluations in the reasoning task. Although participants are still situated in a
laboratory setting, these task characteristics should allow and encourage people to reason as
they would in everyday life (Cummins, 1995; see also Galotti, 1989).

Markovits (2002; Quinn & Markovits, 2002) has specified that his model primarily
describes the retrieval process in a formal, deductive reasoning task. That is, although
Markovits’ studies use realistic conditionals, participants are nevertheless explicitly instructed
to reason logically. Reasoning in a formal context may alter the characteristics of the
reasoning mechanisms (Evans, 2002; Johnson-Laird & Byrne, 1991; Markovits, 2002;
Oaksford, Chater, & Larkin, 2000). It may be the case that some characteristics of the
retrieval process differ in everyday gnd formal reasoning. Therefore, the specifications and
revisions that will be suggested in this dissertation should not be conceived as a mere critique
of Markovits’ model, but rather as an attempt to extend it to reasoning in everyday life.

Accounting for peoples daily life reasoning behavior is considered the ultimate goal of
cognitive reasoning research (Johnson-Laird, 1983; Oaksford & Chater, 1998). With this goal
in mind I simply opted to study the counterexample retrieval directly during everyday
reasoning instead of developing a model of the counterexample retrieval in a formal reasoning

task first and trying to account for everyday reasoning in a later stage (e.g., Evans, 2002).

2.2.2 Causal conditionals

The research focuses on a specification of the counterexample search with realistic,
causal conditionals. Causal conditionals are simply conditionals that express a causal relation:
The antecedent specifies a cause and the consequent specifies an effect associated with the
occurrence of the cause in question (e.g., ‘If Mark turns the ignition key, then the car will
start’). Thus, the studies do not include other possible conditional contents such as promises
(e.g., ‘If you do your homework, you get some candy’), class-based information (e.g., ‘If an
animal is a cow, then it has four legs’), or abstract information (e.g., ‘If it is an A, then itis a
2°).

The rationale is that one cannot assume from the outset that the counterexample
retrieval for these different conditionals has precisely the same characteristics. For example,
for an abstract conditional there is by definition no background knowledge about possible
disablers available. The counterexample retrieval for class-based conditionals may differ, for
example, because it will be much easier to retrieve the counterexamples. Altemnatives for

class-based conditionals typically belong to ‘common, well established categories’ (Barsalou,
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1983), instances of which are readily accessible in memory (e.g., ‘animals with four legs’).
The stored alternatives for these conditionals are typically strongly associated with the
consequent and therefore they are easily accessed and retrieved. The counterexamples for
causal conditionals resemble what Barsalou (1983) called ‘ad hoc’ categories (e.g., ‘things to
take from one’s home during a fire’). Ad hoc categories are less well established in memory
and retrieving instances from these categories is more difficult.

Searching counterexamples for causal conditionals requires constructing a ‘naive
causal structure’ (Cummins, 1995). For example, for the causal conditional ‘If a rock is
thrown at a window, the window will break’ searching alternatives implies constructing the
class of things that can break windows, which in turn requires specifying such characteristics
as ‘hard things’, that reflect theories about how things can be broken (Markovits &
Barrouillet, 2002). The point is that the search process for causal conditionals will require
more complex processing. This may result in discrepancies between findings with causal and
class-based conditionals (Markovits & Barrouillet, 2002).

Therefore, as Cummins (1995) and most of Markovits® work, the research initially

focuses on conditional reasoning with causal conditionals.

2.2.3 Reasoning theory neutrality

Markovits incorporated his specification of the counterexample search process into the
mental models theory (MMT, Johnson-Laird, 1983). Such an incorporation makes good sense
because the theory already presupposed such a process (i.e., searching counterexamples for a
conclusion derived from an initial model, note that the problem is precisely that a clear
specification of this search component is missing). There is a free ‘slot’ in the theory where
the search specification can be fitted in. The theory already clarifies how the result of the
search process will further affect the reasoning process. For rival reasoning theories, for
example, mental logic (Braine & O’Brien, 1998; Rips, 1994) or the probabilistic approach
(Oaksford & Chater, 1998, 2001; Oaksford et al., 2000), this is not yet the case.

Mental logic claims that the content of a reasoning problem and related background
knowledge will affect the encoding of the problem into a more abstract representation. The
resulting abstract representation determines which inference rule will be applied. However,
the crucial problem is that, to date, mental logicians have refrained from presenting a clear
description of the encoding process (Johnson-Laird & Byrne, 1993; Rips, 1994; but see

Politzer & Bourmaud, 2002, for some first suggestions).
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The probabilistic approach posits that people interpret conditionals probabilistically.
Conditional reasoning is presumed to amount to a conditional probability calculation.
Currently, the probabilistic approach focuses on a computational explanation of the reasoning
process (i.e., ‘what’ is computed, not ‘how’ it gets computed, see Oaksford & Chater, 2001).
It is unclear how people would derive the crucial probabilities. Thus, a major advantage of the
MMT is that the theory provides an evident ‘junction point’ for the counterexample retrieval
process.

However, it is important to stress that, in essence, a specification of the
counterexample search process can be incorporated in all the different reasoning theories. The
point is merely that at present such accounts have not yet been provided. It should also be
noted that Markovits’ model adopts only the general principles of MMT. At certain points the
model strongly deviates from the standard theory as proposed by Johnson-Laird and Byme
(1991, 2002) or Johnson-Laird, Byrne, and Schaeken (1992, 1994).

The primary goal of my research is a specification of the characteristics of the
counterexample retrieval independent from a further incorporation in a specific reasoning
theory. In this sense the research will be reasoning theory neutral. As one will note, for
completeness, the studies in this dissertation do sometimes suggest a possible reasoning
theory incorporation (e.g., Chapter 4) and typically these suggestions are based on MMT. It
should be stressed that the choice for MMT in these cases is purely pragmatic. This allowed
us to maintain a link with Markovits’ work and to rely on the expertise of the Leuven
Reasoning Group with respect to MMT (and revisions of the theory, see Schaeken, De
Vooght, Vandierendonck, & d’Ydewalle, 2000; Schroyens, Schacken, & d’Ydewalle, 2001).
It should be clear that this does not imply a judgment about the incorporations in other
theories. Contrary to some previous dissertations from the Leuven Reasoning Group, the
different reasoning theories will therefore not be played off against one another. The studies
explicitly intend to provide a theory neutral characterization of the counterexample retrieval
so that a wide range of researchers can adopt the results for a further development of their

accounts.

3. OVERVIEW OF THE STUDIES

The next section presents a general overview of the studies reported in this thesis. The
overview will stress the basic goals, manipulations, and links between the different

experiments rather than presenting a detailed description of the results.
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3.1 Chapter 2: Strength of association: The disabling condition case

Cummins (1995) showed that the counterexample retrieval is affected by the number
of stored counterexamples. Quinn and Markovits (1998) claimed that in addition to the
number of stored elements in a memory structure, the associative strength of the individual
elements should also affect the retrieval outcome: The stronger the association between a
stored counterexample in a memory structure and the conditional (or the elementary
representation of the conditional), the higher the probability that the counterexample will be
retrieved. Although Quinn and Markovits did not give a formal definition of associative
strength, the individual elements in a memory structure can be thought of as nodes in a
semantic network (e.g., Anderson, 1983). A higher associative strength then amounts to a
lower activation threshold.

In order to test their hypothesis, Quinn and Markovits (1998) first determined the
associative strength of the possible counterexamples of a conditional. Participants had to
generate as many alternatives as possible for a specific effect (e.g., ‘a dog scratches
constantly’) within 30 s. The generation frequency (% of participants that generated a specific
alternative) functioned as associative strength index. Next, they identified effects for which
there existed only one strongly associated cause. Two conditionals were constructed by
combining the effect with the strongly (e.g., ‘If a dog has fleas, then he scratches constantly’)
and a weakly associated cause (e.g., ‘If a dog has skin disease, then he scratches constantly’).

Both the ‘strong’ and ‘weak’ conditionals have exactly the same number of possible
alternatives since the consequent stays the same. However, the memory structure storing
alternatives will contain only weakly associated alternatives in case of the ‘strongly
associated’ conditional. For the ‘weakly associated conditional’ there will still be a strongly
associated alternative available in the memory structure. If associative strength affects the
probability of successful retrieval, retrieving an alternative should be easier for the weakly
associated conditional. Consequently, the AC and DA inferences should be less frequently
accepted for the ‘weak’ (vs. ‘strong’) conditionals. Quinn and Markovits’ (1998) results
confirmed the predictions.

While Cummins (1995; Cummins et al., 1991) had shown that the number of available
counterexamples was important both for alternatives and disablers retrieval, Quinn and
Markovits’ (1998) associative strength findings concerned only alternatives. In a first study

(De Neys, Schaeken, & d’Ydewalle, in press-a), described in Chapter 2, we therefore
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examined whether the associative strength also affected the retrieval of disablers. In a
generation task we presented complete conditionals. Participants were asked to generate
possible disablers and we identified conditionals for which there existed only one strongly
associated disabler. We constructed inference problems in which one premise was expanded
with the negation of a strongly or weakly associated disabler. Thus, in both cases one possible

disabler was eliminated. For example, a possible expanded MP problem was:

If water is heated to 100°C, then the water boils.
The water is heated to 100°C and the water is pure (strongly associated).

The water is heated to 100°C and the pressure is normal (weakly associated).

Both expanded reasoning problems have an equal number of possible disablers (i.e., the
original number minus one). When a weakly associated disabler is eliminated the resulting
disabler set will still contain a strongly associated element. However, when a strongly
associated disabler is eliminated, only weakly associated elements will remain in the memory
structure storing possible disablers. As expected, results indicated that MP and MT were less
accepted when a weakly associated disabler was eliminated. The study thus established that
the outcome of the disabler retrieval is also determined by the associative strength of stored

disablers.
3.2 Chapter 3: Testing the semantic memory framework

The study described in Chapter 3 (De Neys, Schaeken, & d’Ydewalle, 2002) started
with an examination of the relation between different factors affecting the retrieval of stored
counterexamples. We already knew that the number of stored counterexamples and the
associated strength of the counterexamples were important for successful retrieval. However,
the relation between these factors was not clear. For example, it is possible that conditionals
with many possible counterexamples have less strongly associated counterexamples than
conditionals with only few counterexamples. Therefore, one cannot a priori assume that the
probability that a counterexample is successfully retrieved is indeed higher for conditionals
with mahy (vs. few) counterexamples. It is precisely this assumption that is crucial for the
explanation of Cummins’ (1995) findings in Markovits’ reasoning model.

We addressed this issue in a first experiment. In a generation task, participants were

asked to generate as many counterexamples as possible for a set of causal conditionals. We

14



General framework and overview

recorded the number of generated counterexamples for every conditional and the generation
frequency of every counterexample. In addition, participants were asked to rate the
plausibility of the generated counterexamples. We found high positive correlations between
the number of counterexamples, their associative strength, and plausibility: Conditionals with
many counterexamples have also more strongly associated and more plausible
counterexamples. This supported the central assumption that in a memory structure with
many stored elements successful counterexample retrieval is more likely.

The impact of the number of stored disablers and alternatives on inference acceptance
is well established. However, there are no studies that have examined the impact on the
inference latencies. Nevertheless, whether or not one has stored many disablers or alternatives
has clear processing consequences. Of primary interest here is the fact that the memory
studies of Conway and Engle (1994) indicated that the time course of a memory search
process is affected by the num‘;)er of elements that are retrieved from a memory structure: A
semantic search process will take longer when the number of elements that are retrieved from
a memory structure increases. If we assume that for conditionals with many disablers or
alternatives more of these elements will be retrieved, we can expect that the counterexample
search process will take more time for the ‘many’ than for the ‘few’ conditionals. Such a
longer search process should result in longer inference times. This prediction was explored in
a second experiment by recording both acceptance ratings and reaction times for the different
inferences in a replication of Cummins (1995).

Results showed that AC inferences took more time for conditionals with many (vs.
few) alternatives. MP latencies increased when many (vs. few) disablers were available.
These findings are consistent with the assumption that the counterexample search lasts longer
when the memory structures contain many counterexamples.

In a third experiment we looked at inter-individual differences in the efficiency of the
search process. If the outcome of the retrieval process is a crucial component of the reasoning
process, then inter-individual differences in the retrieval efficiency should affect the reasoning
performance. We presented participants a standard conditional inference task. Afterwards,
participants’ disabler retrieval efficiency was measured by asking them to generate as much
disablers as possible for a set of conditionals with only 30 s generation time for each
conditional. The total number of generated disablers served as retrieval efficiency index.
Remember that successful disabler retrieval results in an increased MP and MT rejection. As
expected, a higher disabler retrieval capacity was related to a higher MP and MT rejection in

the inference task. This finding illustrates the importance of the characteristics of the
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counterexample search process for a conditional reasoning theory: Inter-individual variation

in the efficiency of the search process determines the kind of conclusions people draw.

3.3 Chapter 4: Every counterexample counts?!

In the study (De Neys, Schaeken, & d’Ydewalle, in press-b) described in Chapter 4 we
tried to specify the ‘stopping’ characteristic of the counterexample search during everyday
conditional reasoning. The research focused on the question whether or not the search process
ends after retrieval of a single counterexample. In principle, it is possible that the search
terminates after retrieval of only one counterexample and that other stored counterexamples
are not taken into account for the inference evaluation. For example, in mental models theory
(MMT) and Markovits’ initial, MMT-based search process specification, the number of
retrieved counterexamples is not important. What matters is that at least one counterexample
is retrieved. This determines whether or not an additional model is constructed and
consequently whether or not the inference is accepted. In MMT, inference acceptance is an
all-or-nothing phenomenon. Either an additional model is constructed and the inference is
completely rejected, or one sticks to the initial (and complementary) model and accepts the
inference. There are no intermediate or graded states of inference acceptance.

After one successfully retrieves a single counterexample, the extra model is
constructed, and the inference completely rejected. Retrieval of additional counterexamples
can have no further impact on the inference acceptance. It follows that the search can stop
after retrieval of a single counterexample.

We propose an alternative specification of the search process where the search process
does not stop after retrieval of a single counterexample. Instead, the search would continue
and an attempt is made to activate additional counterexamples. Here, the number of stored
counterexamples and associative strength factors would not merely determine the probability
that at least one counterexample will be retrieved, but rather the number of counterexamples
that can be retrieved. The number of retrieved counterexamples would then determine the
degree to which an inference will be accepted. The latency findings in Chapter 3 (De Neys et
al., 2002) already lent some credence to the ‘additional retrieval hypothesis’. It was assumed
that the longer latencies for the ‘many’ conditionals resulted from additional counterexample
retrieval. However, the findings were also open to alternative explanations. The experiments

in Chapter 4 present a direct and more conclusive test of the hypothesis.
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In a first experiment we examined the effect of additional counterexample retrieval on
the inference acceptance by explicitly providing possible counterexamples. As in traditional
suppression studies (Byrne, 1989; Byme et al., 1999; Rumain et al., 1983), we simulated the
effect of successful counterexample retrieval by explicitly presenting the counterexamples to
participants. The crucial manipulation was that we varied the number of presented
counterexamples. Each participant received five different conditionals with the number of
presented counterexamples ranging from zero to four.

In a second experiment we tested the effect of additional counterexample retrieval
without using an explicit presentation. A set of causal conditionals that varied in the number
of possible disablers and alternatives (see Cummins, 1995; De Neys et al., 2002) was adopted.
In a pretest we first assessed the number of alternatives or disablers a participant could
retrieve for every conditional in the set. One month after the pretest, the same participants
were re-invited for a reasoning task with the conditionals from the pretest. Thus, we exactly
knew how many counterexamples every participant had stored for every conditional. We then
looked at a participants’ acceptance ratings (on a seven point rating scale) of the different
inferences for each conditional in function of the number of counterexamples the participant
had been able to retrieve for that specific conditional.

The Markovits-MMT based/speciﬁcation of the search process predicts a stepwise
trend in the acceptance ratings in function of the number of counterexamples one has stored:
Up to a certain number of available counterexamples (e.g., zero or one) inferences will tend to
be accepted. After successful retrieval of a counterexample (e.g., when at least two
counterexamples are stored), the inferences will be rejected, the search terminates, and
additionally available counterexamples will not affect inference acceptance any further. The
alternative specification we propose should result in gradually decreasing acceptance ratings
with every additionally available counterexample.

Results basically supported the alternative search specification: AC acceptance
linearly decreased with every additional alternative and MP acceptance linearly decreased

with every additional disabler.

3.4 Chapter 5: Working memory and the retrieval and inhibition of stored

counterexamples
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The study described in Chapter 5 (De Neys, Schaeken, & d’Ydewalle, 2003) further
characterized the counterexample retrieval by examining the possible role of working memory
in the retrieval process.

Working memory (WM) is often conceived as a hierarchically organized system in
which specific storage and maintenance components (i.e., the ‘slave’ systems or short-term
memory systems, see Engle, Tuholski, Laughlin, & Conway, 1999) subserve a central
component responsible for the control of information processing (e.g., Baddeley & Hitch,
1974; Cowan, 1995; Engle & Oransky, 1999). The crucial controlling component or ‘central
executive’ consists of a limited-capacity system that regulates the allocation of attentional
resources.

Memory studies have established that while some forms of memory retrieval are rather
automatic and effortless, other forms demand executive WM-resources for their proper
functioning (Kane & Engle, 2000; Moscovitch, 1994, 1995; Rosen & Engle, 1997).
Moscovitch (1995) labeled these forms associative and strategic retrieval, respectively. The
crucial characteristic of the strategic search is that it draws on WM (Rosen & Engle, 1997).
Rosen and Engle posited that memory retrieval always starts with an associative, automatic
spreading of activation. In case of a real strategic search, WM-resources would be used next
for an active generation of cues to access new instances. The active cue generation would
allow a much more efficient retrieval than the passive spreading of activation.

Markovits and Barrouillet (2002) only state that activation will automatically start to
spread from the elementary representation of the conditional (maintained in WM) towards
related elements in long-term memory. It is not addressed whether the retrieval also involves
an active, strategic component. Nevertheless, some of Markovits’ findings (e.g., Markovits &
Quinn, 2002) do fit with the strategic claim. Our experiments present a direct test of the
hypothesis that WM is involved in the retrieval of stored counterexamples.

If WM-resources are crucial for the counterexample retrieval, then efficiency of the
retrieval should depend on the availability of WM-resources (i.e., the amount of resources that
can be allocated to the active cue generation). This prediction was tested in Experiment 1. We
developed a Dutch and group administrable adaptation of the OSPAN (La Pointe & Engle,
1990) to measure participants’ WM-capacity (see De Neys, d’Ydewalle, Schaeken, & Vos,
2002). Participants in Experiment 1 were given the WM-capacity measure and a
counterexample generation task. Results established that higher WM-capacity was associated

with better counterexample retrieval.
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Experiment 2 adopted a dual-task methodology to examine the causal nature of this
relation. In order to eliminate alternative explanations we studied the impact of a secondary
_task load on the generation efficiency. If WM-capacity is involved in the counterexample
retrieval, then burdening WM with a secondary task should reduce the efficacy of the retrieval
process. A purely automatic retrieval process should not be affected by a WM-load.

As the secondary task, participants were requested to tap a finger pattern with their
non-dominant hand while generating counterexamples. The secondary tapping task was
adopted from Kane and Engle (2000) and Moscovitch (1994). These studies indicated that
tapping a complex, novel tapping sequence (e.g., index finger-ring finger-middle finger-
pinkie) put a premium on efficient executive WM-functioning, while tapping an often-
habitual “cascade” sequence (e.g., pinkie-ring finger-middle finger-index finger) was not
attention demanding. We asked one group of participants to tap the complex sequence,
whereas another group was instructed to tap the simple, cascade sequence.

Results showed that the retrieval efficiency declined when WM was burdened with the
attention demanding, complex tapping task, while the undemanding cascade tapping had no
effect on the number of generated counterexamples. This established that counterexample
retrieval involves a WM-dependent, strategic component.

In a third experiment we compared the performance of a group of low and high spans
(participants in the bottom and top quartile of first-year psychology students’ WM-capacity
distribution, respectively) in an actual reasoning task. The first experiments established that
people higher in WM-capacity are more successful at retrieving counterexamples. Our
previous research already established that more successful alternative retrieval leads to lower
acceptance ratings of the AC and DA inferences in a reasoning task. Therefore, if high spans
are indeed more efficient at retrieving alternatives, one expects that they will be less inclined
to accept AC and DA compared to low spané. Since disabler retrieval results in lower MP and
MT acceptance ratings one could also expect that because of the more efficient disabler
search, high spans will more frequently reject the MP and MT inferences. However, note that
while AC and DA are logical fallacies, MP and MT are logically valid. Rejecting AC and DA
is in line with standard, first-order logic, while rejecting MP and MT is not. There might be a
dissonance between searching disablers for the MP and MT inferences and the valid status of
these inferences.

All people are assumed to have a basic “contextualisation” tendency to search stored
counterexamples associated with the reasoning problem. However, individual difference

studies indicate that at least people of higher cognitive capacity (e.g., high spans) also appear
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to have a logical, “decontextualisation” tendency: A basic ability to put background
knowledge aside when it conflicts with the logical standards (e.g., Klaczynski, 2001a;
Stanovich & West, 2000). If high spans would have an elementary notion of logical validity,
this should conflict with the tendency to search disablers. Based on this assumption we
hypothesized that high spans would use their WM-resources for an active inhibition of the
spontaneous disabler search. Note that the inhibition of responses deemed inappropriate is
considered as one of the key executive functions (e.g., Baddeley; 1996; Engle, Tuholski,
Laughlin, & Conway, 1999; Miyake & Shah, 1999; Shallice & Burgess, 1993). Thus, when it
concemns retrieving disablers, high spans would not use their WM-resources for an active
search but rather for an inhibition of the automatic disabler retrieval. Despite the better
intrinsic retrieval capacities for high spans, this inhibition process should result in higher MP
and MT acceptance ratings for the high (vs. low) spans. Results indeed showed that AC and
DA acceptance ratings were highest for the low spans, whereas MP and MT acceptance
ratings were highest for the high spans.

Although Experiment 3 supported the predictions, the evidence remained correlational
and open to alternative explanations. Experiment 4 provided a direct test of the hypothesized
role of WM in the retrieval and inhibition of counterexamples. We tested the effects of a
secondary working memory load (tapping the complex finger pattern of Experiment 2) on
reasoning performance. If working memory resources are used for retrieval and inhibition of
counterexamples during reasoning, putting a load on working memory should interfere with
the proper functioning of these processes. Results showed that low spans’ acceptance of all
four inference types increased when working memory was burdened by the complex tapping
task. This supports the hypothesis that WM-capacity is important for the retrieval of
counterexamples in everyday reasoning,

For high spans the load effect interacted with the type of inference. The working
memory load increased AC and DA acceptance, as with low spans, but in contrast to the low
spans, MP and MT acceptance tended to decrease under load. This pattern corroborates the
hypothesis that high spans are using their working memory to inhibit retrieved disablers. The
inhibition results in higher MP and MT acceptance for high spans in the absence of a WM-
load. However, since the inhibition is resource demanding, it will be less efficient under load.
Therefore, automatically activated disablers that are otherwise inhibited will decrease MP and
MT acceptance. Low spans on the other hand allocate their working memory resources at
retrieval. When this retrieval becomes less efficient under load, MP and MT will be more

accepted.
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3.6 Chapter 6: Working memory span and retrieval: A trend analysis

The final study, described in Chapter 6, presents further evidence for a WM-dependent
mediation of the counterexample retrieval and inhibition. Our previous study (De Neys,
Schaeken, & d’Ydewalle, 2003; Chapter 5) indicated that when it concemns searching
disablers, participants highest in cognitive capacity use WM-resources  to inhibit the
counterexample activation. Note that we explicitly assumed that the inhibition would only
occur for people highest in WM-capacity. However, we only compared a group of
participants from the bottom and top quartile of the WM-capacity distribution. If the
assumption that the inhibition occurs only for people highest in WM-capacity is correct, it
follows that people with medium WM-capacities should show the lowest MP and MT
acceptance. Indeed, on one hand medium spans (vs. high spans) should not inhibit the disabler
retrieval. On the other hand, medium spans will have a more efficient counterexample
retrieval than low spans because they can allocate more resources to the search. Thus, the
disabler retrieval during conditional reasoning should be most successful for medium spans.
Consequently, it is expected that the MP and MT acceptance ratings in function of WM-
capacity follow a U-shaped curve: Due to the limited resources, people lowest in WM-
capacity will not be very successful at retrieving disablers and should therefore show rather
high levels of MP and MT acceptance. Because of the more efficient disabler retrieval, MP
and MT acceptance should decrease for the medium spans. Because of the disabler inhibition,
MP and MT acceptance ratings should increase again for reasoners higher in WM-capacity.

Since retrieving alternatives results in the rejection of AC/DA inferences and
accepting AC/DA is erroneous in standard logic, there is no conflict between a basic logical
notion and the retrieval of alternatives. More precisely, it is assumed that the basis of high
spans’ disabler inhibition is a minimal notion of the logical principle that the truth of the
antecedent implies the truth of the consequent. While this notion conflicts with the possibility
that the consequent does not occur when the antecedent occurs (i.e., a disabler), it does not
conflict with the possibility that the consequent occurs in the absence of the antecedent (i.e.,
an alternative). Thus, the process where alternatives are retrieved from long-term memory
should not be inhibited. Therefore, the higher WM-capacity is, the more efficient the
alternative retrieval will be, and the less AC and DA should be accepted. Contrary to MP and
MT, AC and DA acceptance ratings should therefore follow a negative linear trend in

function of WM-capacity. These predictions were tested in Experiment 1. A large sample of
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participants were given a measure of WM-capacity and a conditional reasoning task with
everyday, causal conditionals. By examining the specific trends in the acceptance ratings of
the different inferences over the whole WM-capacity distribution the trend predictions could
be tested.

Results of Experiment 1 confirmed the predicted trends. Experiment 2 and 3 further
generalized the findings by showing that the quadratic MP trend could even be replicated
when a disabler was explicitly presented in the reasoning task. These findings underlined the

robustness of the inhibition phenomenon.
3.6 Chapter 7: Where do we stand? Where do we go from here?
The concluding chapter wraps up the findings by sketching a model of the

counterexample retrieval process based on the established search specifications. Guidelines

for further research are suggested and some broader implications of the findings are

highlighted.
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CHAPTER 2

Strength of association: The disabling condition
case

Cummins (1995) showed that reasoning with conditionals involving causal content is affected
by the relative number of available alternative and disabling conditions. More recent
evidence (Quinn & Markovits, 1998) indicates that, beside the number of stored conditions,
the relative strength of association of the alternative conditions with the consequent term is
another important factor that affects conditional reasoning. In this study we examined the
effect of the strength of association for the disabling conditions. We identified causal
conditionals for which there exists only one highly associated disabler. With these
conditionals we constructed conditional inference problems in which the minor premise was
expanded with the negation of a strongly or weakly associated disabler. Results of two
experiments indicate that strength of association of stored disabling conditions is affecting
reasoning performance: Acceptance of Modus Ponens and Modus Tollens increased when
there was no strongly associated disabler available.

Based on: De Neys, W., Schaeken, W., & d'Ydewalle, G. (in press-a). Causal conditional reasoning
and strength of association: The disabling condition case. European Journal of Cognitive Psychology.



The disabling condition case

INTRODUCTION

Cognitive psychologists studying human reasoning have devoted a great deal of
research to conditional reasoning. This kind of reasoning consists in making inferences on the
basis of ‘if p then q’ sentences. In a standard conditional inference task people are asked to

assess arguments of the following four kinds:

Modus Ponens (MP) If p then q, p therefore q
Modus Tollens (MT) If p then g, not q therefore not p
Denial of the Antecedent (DA) If p then q, not p therefore not g
Affirmation of the consequent (AC) If p then q, q therefore p

Under the material implication interpretation of propositional logic, MP and MT are
considered valid inferences while DA and AC are regarded as fallacies. Much of the work on
conditional reasoning has tried to identify the factors that influence performance on these four
problems (for a review, see Evans, Newstead, & Byrme, 1993).

A growing body of evidence is showing that peoples knowledge about the relation
between the p (antecedent) and q (consequent) part of the conditional has a considerable
effect on the underlying reasoning process ( e.g., see Byrne, 1989; Byme, Espino, &
Santamaria, 1999; Markovits, 1984; Newstead, Ellis, Evans, & Dennis, 1997; Rumain,
Connell, & Braine, 1983; Thompson, 1994).

In the case of reasoning with conditionals involving causal content (e.g., ‘If cause p,
than effect q’) seminal work has been done by Cummins and her colleagues (1995; Cummins,
Lubart, Alksnis, & Rist, 1991). Following Byrme (1989), Cummins examined the effect of the
alternative and disabling conditions of a causal conditional. An alternative condition is a
possible cause that can produce the effect mentioned in the conditional while a disabling
condition prevents the effect from occurring despite the presence of the cause. Consider the

following conditional:

If the brake is depressed, then the car slows down

Possible alternative conditions for this conditional are:

running out of gas, having a flat tire, shifting the gear down...
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The occurrence of these conditions will result in the car slowing down. The alternatives make

it clear that it is not necessary to depress the brake in order to slow the car down. Other causes

are also possible.

Possible disabling conditions are:

a broken brake, accelerating at the same time, skid due to road conditions...

If such disablers are present, depressing the brake will not result in the slowing down of the
car. The disablers make it clear that it is not sufficient to depress the brake in order to slow
down the car. There are additional conditions that have to be fulfilled.

When people (fallaciously) accept DA and AC inferences, they fail to see that there
are other causes that may lead to the occurrence of the effect beside the original stated one.
Cummins (1995) and Cummins et al. (1991) found that peoples acceptance of DA and AC
inferences decreased for conditionals with a high number of possible alternative conditions.
This showed that a crucial factor in making the fallacious inferences is the number of
alternative causes people can think of. In addition, she found that the number of disabling
conditions affected the acceptance of the valid MP and MT inferences: If there were many
conditions that could disable the relation between antecedent and consequent, people also
tended to reject the valid inferences.

Recently, Quinn and Markovits (1998) have identified another factor that may
influence reasoning with causal conditionals. They showed that not only the number of
alternative conditions is important, but also what they call the ‘strength of association’ of the
alternative conditions. Quinn and Markovits developed a framework (see also Markovits,
Fleury, Quinn, & Venet, 1998) where reasoning performance is being linked to the structure
of semantic memory. In this framework it is assumed that, when confronted with a causal ‘if p
then q’ conditional, reasoners will access a causal structure in semantic memory that
corresponds to ‘ways of making q happen’ (i.e., alternative conditions). Within the structure,
there will be causes that will be more strongly associated with q than others. The more
strongly associated a specific cause is, the higher the probability that it will be retrieved by
the semantic search process.

Quinn and Markovits (1998) measured strength of association by frequency of

generation: In a pretest, participants were asked to write down as many potential causes for a
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certain causal consequent (effect, e.g., ‘a dog scratches constantly’). This allowed the
construction of conditionals with a strongly (e.g., ‘If a dog has fleas, then it will scratch
constantly’) and weakly (e.g., ‘If a dog has skin disease, then it will scratch constantly’)
associated cause. Because the consequent is the same in both conditionals, the number of
possible alternative conditions is kept constant.

Quinn and Markovits (1998) reasoned that with both the ‘strong’ and ‘weak’ type of
conditional, people would try to activate and retrieve ‘alternative ways of making q happen’.
However, reasoners given the weak conditional will be able to activate the strongly associated
cause, while for the strong conditional they will have to activate some other, less closely
associated term. Thus, it will be more difficult to retrieve an alternative condition in case of
the strong conditional, which would lead to a greater acceptance of DA and AC inferences.
The results of the study were consistent with the predicted response pattern.

The identification of the strength of association effect raises the question whether this
effect is also present for the disabling conditions. Indeed, although knowledge of disabling
conditions is also stored in semantic memory, Quinn and Markovits (1998) restricted their
case to an analysis of the alternative conditions. Cummins (1995) already showed that both
the number of alternatives and disablers is affecting reasoning performance. In addition, Elio
(1998) has shown that the process of disabler retrieval is not only important in conditional
reasoning but also in the field of belief revision and non-monotonic reasoning: Belief in a
conditional after contradiction was lower when people could find many disablers. Thus, both
for reasoning psychologists and the psychological and AI community studying belief revision,
examining the effect of associative strength of disablers can identify a new factor affecting the
crucial disabler retrieval. The present study f&)cused on this topic.

The framework developed by Quinn and Markovits (1998) was adopted and extended
to the disabling conditions. It was assumed that when presented a causal conditional, people
will not only access a causal structure 3with alternative conditions but also one that
corresponds to ‘ways that prevent q to dccur’ (see Markovits 2000; Vadeboncoeur &
Markovits, 1999). When such disabling conditions are retrieved, p will no longer be perceived
as a sufficient condition for q what renders the MP and MT conclusions uncertain.

In a generation task we identified strongly and weakly associated disablers for a
number of conditionals. We constructed experimental items by expanding the original
antecedents of the conditionals with the negation of the strongly or weakly associated
disabler. Suppose that for a certain conditional we find that S is a strongly associated disabler,

while W is a weak one. This allows the construction of the expanded conditionals: ‘If P and
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not S, then Q’ (strongly expanded conditional) and ‘If P and not W, then Q’ (weakly
expanded conditional). These expanded conditionals have an equal number of possible
disablers (i.e., the original number minus one). However, reasoners presented ‘If P and not W,
then Q’ will still be able to activate the strongly associated disabler S, while with ‘If P and
not S, then Q’ they will have to activate a less closely associated one. Thus, it will be harder
to access and retrieve disablers for the strong conditionals. This access-to-disablers
manipulation rests solely on the strength of association of the disablers and not on the number
of accessible disablers.

Retrieving disablers from semantic memory will decrease the acceptance of MP and
MT inferences. Therefore, we predict that acceptance ratings for MP and MT inferences will
be higher for the strongly expanded conditionals than for the weakly ones.

In the present experiment we did not manipulate the access to alternative conditions.
The classical findings of Cummins (1995) indicate that retrieving disablers has no effect on
DA and AC. Given these findings, one might expect that the access-to-disablers manipulation

will have no effect on DA and AC acceptance.
EXPERIMENT 1

Pretest

The material for the present experiment was selected from previous pilot work (see De
Neys, Schaeken, & d’Ydewalle, 2000), where 20 participants wrote down as many disabling
conditions as possible for a set of 20 causal conditionals (with 1.5 min generation time for
each conditional). The set included the 16 conditionals from Cummins (1995, Experiment 1)
and four additional ones. The generation protocols were scored by 2 independent raters in
order to identify unrealistic items and items that were simple variations of a single idea (e.g.,
for the example above ‘skid due to water on road’, ‘skid due to mud’, ‘skid due to ice on
road’). Fewer than 5% of the generated disablers were disallowed by the raters (interrater
reliability was .83).

For every conditional we established the relative frequency of appearance of the
disablers that participants wrote down. We needed conditionals with a set of disablers in
which there was one specific disabler that was very frequently generated. The expanded
conditionals manipulation also forced us to take an additional criterion into account. We could

not allow disablers that express a quantification of the original antecedent (e.g., ‘brake not
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depressed hard enough’). Expanding the original with this kind of disablers would result in
inconsistencies for some problems (e.g., DA, ‘The brake was not depressed and the brake was
depressed hard enough’). We selected 3 conditionals that met these criteria. From each set of
disablers one infrequently generated disabler was selected. This weakly associated disabler
had to meet the non-quantification criteria. Furthermore, if the strongly expanded conditional
contained an explicit negation (e.g., ‘If the apples are ripe and they are not picked’), we opted
to express the selected weakly associated disabler in an explicit negated way too. The
negation criterion should guarantee that the strongly and weakly expanded conditionals have
comparable lexical complexity. Finally, the selected disablers had to sound as natural
(according to our intuitions) as possible (e.g., ‘not too little wind’ was not accepted). Table 1

presents the material that was selected for the experiment.

Table 1
Relative Frequency of Generation of the Most Frequently Mentioned Disablers for the Three

Selected Conditionals

If the apples are ripe, then they fall from the tree

Picked (65%)

Too little wind (25%)

Not enough weight (20%)

Not ripe enough (20%)

Apples caught in branches (10 %)

If John grasps the glass with his bare hands, then his fingerprints are on it

Hands not greasy (50%)

Grasped glass with palms only (35%)
Prints wiped off (30%)

Glass was wet (25%)

If water is heated to 100° C, then it boils
No pure water (75%)

No normal pressure (30%)
Bad temperature measure (30%)

Note. The disablers are given in order of frequency (%). Selected strongly and weakly associated disablers are
highlighted.

One could remark that our pretest allowed 90 s generation time (as in Cummins,

1995), while Quinn and Markovits (1998) allowed only 30 s. It could be argued that this
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might confound the strength of association classification. However, De Neys et al. (2000) also
used a 30 s generation task for some of the conditionals. When generation frequency for the
disablers in the 1,5 min and 30 s generation task was compared, results indicated that
although the shorter generation time decreased the absolute frequency of generation, the
crucial relative ranking of the disablers was not affected'.

We also note that the pilot study supplemented Quinn and Markovits (1998) by
addressing some possible reservations about the use of generation frequency as strength of
association measure. We looked at the relation between generation frequency and other
possible associative strength measures such as plausibility and generation order. After the
generation task we asked participants to judge the plausibility of the generated disablers. We
also calculated the probability that a certain disabler was generated as the first one for a
specific conditional. It was shown that the frequency of generation measure correlated with
the other strength of association measures: More frequently generated disablers were judged

more plausible and tended to be generated first®.
Method

Participants

89 first-year university students participated in the experiment.

Material

Participants received a 4-page booklet. Page one included the instructions for the task.
On the top of each of the next three pages appeared the selected conditionals. Each
conditional was embedded in the four inference types (MP, DA, MT, AC). So, each of the
three pages included one conditional with four inference problems. For each conditional there
was a specific presentation order of the four inferences (AC, MT, DA, MP or MP, MT, DA,
AC or MP, DA, MT, AC). The three pages were bound into booklets in randomized order.

' Generation frequency of the disablers generated for 8 different conditionals could be compared. The Spearman
Rank Order Correlation reached .84 {t(82) = 13.71, p<.0001].

? For every disabler generated for a specific conditional we calculated the mean plausibility rating and the overall
(# generated first/ # participants) and relative (# generated first/ # generated) probability that this disabler was
the first generated one. Frequency of generation was associated with plausibility [Spearmann Rank Order test, r,
= .36, t(162) = 4.83, p<.0001; 1, = .50, t(35) = 3.41, p<.005, when only disablers generated by at least 50% of
participants were considered] and overall [r, = .63, t(162) = 10.22, p<.0001] and relative [r, = .40, t(162) = 5.52,
p<.0001] probability that the disabler is generated first.
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Below each inference problem appeared a seven point rating scale. This resulted in the

following item format:

Rule: If water is heated to 100°C, then it boils

Fact: The water is heated to 100°C and the water is pure
Conclusion: The water boils

I
------ | s At E TSR BN NS S SO A
Very Sure Somewhat I Somewhat Sure Very
Sure Sure I Sure Sure
1
That I CANNOT draw I That I CAN draw
this conclusion this conclusion

This is an example of the MP problem. On the same page participants would also find the
MT, DA and AC problem. The access to disablers manipulation consisted in the presentation
of two different minor premises (the information under the heading ‘Fact’); the above
example would belong to the strongly associated group were the original information was
expanded with the negation of the strongest associated disabler. Similarly, in the weakly
associated group, the negation of the selected weakly associated disabler was added to the

‘Fact:’-information.

Table 2
Different Content in the Groups of Experiment |

Expanded strongly associated:

(a) Water is heated to 100°C and the water is pure
(b) The apples are ripe and they are not picked
(c) John grasps the glass with his bare hands and his hands are greasy

Expanded weakly associated:
(a) Water is heated to 100°C and the pressure is normal

(b) The apples are ripe and they are not caught in the branches
(c) John grasps the glass with his bare hands and the glass is dry

Note. Both groups only differ by the kind of information that is presented in the minor premise. This is an
example of the minor premises for the MP problem.

In both expanded groups, the original conditionals appeared on top of the item pages.

Thus, participants were not presented explicit expanded conditionals but rather conditional
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inference problems with expanded minor premises. All the items in a single booklet belonged

to the same group. Table 2 gives an overview of the different material in the two groups (for

an MP problem).

Procedure

The booklets were randomly given out to students who agreed to participate in the
experiment. No time limits were imposed. The instructions that were presented on the first
page of the booklet were read aloud by the experimenter. The instructions explained the
specific item format of the task. Participants were told that the task was to decide whether or
not they could accept the different conclusions. The instruction page showed an example
problem (always standard MP) together with a copy of the rating scale. Care was taken to
make sure that participants understood the precise nature of the rating scale. As in Cummins
(1995), participants were NOT specifically instructed to accept the premises as always true
and to endorse only conclusions that follow necessarily. With Cummins we assume that this
encourages people to reason as they would in everyday circumstances. However, one should
note that strictly speaking the task is therefore not a deductive inference task (see Evans,
2000). Thus, accepting the MP/MT and AC/DA inferences should not be considered correct
or incorrect reasoning. When we refer to the standard nomenclature, a nominalist stance is

adopted towards the use of the terms ‘valid inferences’ and ‘fallacies’.

Results and discussion

Participants rated each of the four inference types three times. For every inference type
the mean of these three ratings was calculated. This resulted in a 4 (inference type, within-
subjects) x 2 (group, between-subjects) design. All hypotheses were tested with planned
comparison tests and rejection probability of .05.

Table 3 shows the overall mean acceptance ratings for the four inference types in the
expanded weakly and strongly associated group. Acceptance ratings in both groups differed
significantly [F(1, 87) = 4.55, MSe = 3.85, p < .04]. As expected, we obtained higher MT
[F(1, 87) = 4.99, MSe = 2.67, p < .03] ratings in the strongly associated group, where the
strongly associated disabler was eliminated. A similar tendency was observed for the MP
inference, but the effect did not reach significance.

In line with Cummins’ findings both expanded groups did not significantly differ in

terms of AC and DA acceptance. However, we neither observed a significant interaction
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between the different inferences types. All inferences tended to be accepted more when no
strongly associated disabler was available. Thus, a possible impact of the strength of

association of stored disablers on the fallacies cannot be discarded.

Table 3
Mean Acceptance Rating for the Four Inference Types in the Strongly Associated and Weakly

Associated Groups

Inference type Group
Expanded weakly Expanded strongly
associated (n=45) associated (n=44)
MP 5.7 5.92
DA 4.78 / 5.11
MT 4.37* 5.14*
AC 4.98 5.44

Note. The rating scale ranged from 1 (very sure cannot draw this conclusion) to 7 (very sure can draw this
conclusion ) with 4 representing cannot tell. * planned contrast, p<.05.

The MT findings do provide some preliminary support for the hypothesis that
retrieving disablers from semantic memory is affected by their strength of association. As
predicted, peoples acceptance of MT inferences increased when there was no strongly
associated disabler available.

We suspect that the non-significance of the expected effect on MP may be due to some
specific task characteristics of the experiment. In the pretest, relatively few disablers were
generated (less than the overall mean) for the three conditionals that were adopted for the
experiment. Cummins (1995) already obtained high MP acceptance ratings for these
conditionals. The ‘expansion’ manipulation in the present experiment then further decreased
the available number of disablers. This may have resulted in a ceiling effect. It could be the
case that MP acceptance was already at the top in the weakly associated group. Mean
acceptance for MP in the weakly associated group (Mea.n = 5.7, see Table 3) indeed téndcd to

the ‘sure that I can draw this conclusion’ rating, located at the upper end of the scale. As in
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Cummins (1995), acceptance ratings on the (more difficult) MT inference were lower, what
allowed the associative strength effect to show up.

Since there is a strong tendency to accept MP in both expanded groups, it is also
possible that the seven point rating scale was not sensitive enough to detect an effect. In
addition, the strength of association factor was manipulated between groups of subjects which
may have further hampered the detection of the MP effect.

In order to avoid these possible problems we decided to look at the effect of the

strength of association factor in a second experiment.
EXPERIMENT 2

Experiment 2 further examined the effect of the strength of association of the disabling
conditions. We tried to avoid the highlighted problems in Experiment 1 by making a number
of changes to the materials and design used there. First, in the pretest, we looked for
conditionals with a large number of disablers (higher than the overall mean). Since there are
more disablers available, acceptance for these conditionals will be lower, what should reduce
an eventual ceiling effect. Second, by using an 11-point rating scale instead of the seven point
scale in Experiment 1 we tried to offer participants the possibility for a more detailed
discrimination at the extreme levels of the scale. Finally, all participants received both a
strongly and weakly expanded conditional (with different content) in order to allow a within
subjects test of the strength of association effect.

Participants were presented MP, MT and AC problems with expanded minor premises
based on the selected conditionals. Since the problems possibly resulting in the non-
significance of the MP effect in Experiment 1 were avoided, we expected to find an effect of
the associative strength manipulation on both MP and MT.

The AC problem was included in order to further examine the effect of associative
strength of disablers on the fallacies. In Experiment 1 we found no significant effects on the
AC and DA inferences. However, we neither observed a significant interaction between the
different inference types. Especially for AC, acceptance ratings tended to increase when no
strongly associated disabler was available. By presenting participants AC inferences in

addition to the MP and MT inferences we could examine the generality of this trend.

Method
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Participants

37 first-year psychology students volunteered to participate in the experiment

Material

For the strength of association manipulation it was crucial to find conditionals with a
set of disablers in which there is only one which is very frequently generated. Although most
conditionals with many disablers in the pretest had typically also a larger number of very
frequently generated (> 50 % of participants) disablers, we could still select two conditionals
(i.e., ‘If Jenny Tums on the air conditioner, then she feels cool’ and ‘If the brake is depressed,
then the car slows down’) that were appropriate for the present purpose. The most frequently
generated disabler was mentioned by 95% and 85% of the participants, while the second most
frequently generated disabler was mentioned by only 50% and 45% of the participants,
respectively. Both conditionals have also a comparable number of possible alternative
conditions (see Cummins, 1995; De Neys et al., 2000). Strongly and weakly associated
problem versions were constructed by expanding the minor premise with the negation of the
strongest and second strongest associated disabler, respectively. The different versions are

presented in Table 4 (for an MP problem).

Table 4
Material for Experiment 2

Expanded strongly associated:

(a) Jenny turns on the air conditioner and the air conditioner is not broken (95%)
(b) The brake is depressed and the brake is not broken (85%)

Expanded weakly associated:

(a) Jenny turns on the air conditioner and she has no fever (50%)
(b) The brake is depressed and the road is not slippery (45%)

Note. The generation frequency (%) of the corresponding disablers in the pretest is presented between brackets.

As in Experiment 1, the original conditional was presented on top of an item page. The
expanded MP, MT and AC inferences were then presented on the same page. Below each

inference problem appeared the following 11-point rating scale:
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U SO W [ R B Sl I, SE—: PRSP, S
Very Some 1 Some Very
Sure what I what Sure

That I CANNOT draw 1 That I CAN draw
this conclusion this conclusion

Participants received a 3-page booklet with instructions on the first page. On the second and
third page appeared the two selected conditionals, one with strongly expanded inferences
problems and the other with weakly expanded ones. In half of the booklets the strongly
expanded inference problems were presented first, while the order was reversed for the other
half. Each conditional was used for the weakly expanded inference problems in

approximately half of the booklets and for the strongly expanded problems in the other half.

Procedure

The procedure was similar to that used in Experiment 1.

Results and discussion

An ANOVA was performed on the acceptance ratings with inference type (MP, MT,
AC) and strength of association (weakly or strongly expanded) as within-subject factors. Due
to the within-subjects manipulation of the strength of association factor, each participant rated
both weakly and strongly expanded inferences. Although the three strongly and weakly
expanded inferences were based on different conditionals, it is still possible that the order in
which the strength of association manipulation was presented in the booklets (weakly
expanded inference problems presented before or after the strongly associated ones), biased
the ratings. Therefore, presentation order was entered as a between-subjects factor in the
ANOVA.

The acceptance ratings corresponding to the numbers 5 to 1 on the left hand of the 11-
point rating scale were recoded and assigned the values —5 to —1 such that increasing numbers
corresponded to increased acceptance.

Results showed that the inference type and strength of association factor interacted
significantly [F(2,70) = 3.66, MSe = 2.22, p<.05]. Planned contrast tests indicated that the
acceptance ratings for MT [F(1,35) = 4.54, MSe = 3.76, p<.05] were higher in the strongly

associated group, while the strength of association factor had no effect on AC acceptance
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ratings (see Table 5). We also found a significant effect of the strength of association
manipulation on the MP acceptance ratings: MP was more accepted when there was no

strongly associated disabler available [F(1,35) = 12.41, MSe = .53, p<.005].

Table 5
Mean Acceptance Ratings for the Strongly and Weakly Expanded Inference Problems

Inference type Expansion type
Expanded weakly Expanded strongly
associated associated

MP 3.78** 4.38**

MT 2.03* 2.97*

AC 2.76 243

Note. The rating scale ranged from -5 (very sure cannot draw this conclusion) to 5 (very sure can draw this
conclusion ) with 0 representing can’t tell. * planned contrast p<.05, ** p<.01.

The presentation order factor did not affect the strength of association effect for any of
the three inference types, what confirms that the results were not biased by the order in which
participants rated the expanded conditional inferences.

One might note that, although not significant, AC acceptance in Experiment 2 tended
to be somewhat lower in the expanded strongly associated group. In Experiment 1 however,
there was a trend in the opposite direction with higher AC and DA acceptance when there was
no strongly associated disabler available. Detailed examination of these (reversed) AC and
DA trends indicated they could be attributed to a complication due to the specific nature of
the presented thematic material.

The complication lies in the fact that some disablers can also qualify as possible
alternative (e.g. see Manktelow and Fairley, 2000). In Experiment 1, this was the case for one
of the strongly associated disablers we eliminated (i.e., ‘If the apples are ripe and they are not
picked, then they fall from the tree’). In an alternatives generation task (see De Neys et al.,
2000), 55% of the participants generated ‘apples dropped by picker’ as possible alternative.
Now, if the apples are not picked, they cannot be dropped by the picker. Thus, the

manipulation also eliminated a possible alternative. Therefore, the number of available
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alternatives was smaller in the expanded strongly associated group, what should result in
slightly increased DA and AC acceptance. For the other presented disablers the complication
‘was not present. In fact, when the conditional ‘If the apples are ripe, then they fall from the
three’ was removed from the analysis in Experiment 1 the trends on AC and DA dissolved,
while the trends on MP and MT were unaffected’. In Experiment 2, a similar complication
was present but now in the expanded weakly associated group. One of the presented disablers
(i.e., ‘If Jenny turns on the airco and she has no fever, then she feels cool’) indeed qualified as
possible alternative. In an alternative generation task 35% of participants generated ‘having
cold fever’ as possible alternative. Consequently, in Experiment 2, the number of available
alternatives was somewhat smaller in the expanded weakly associated group. Thus, the DA
and AC trends in Experiment 1 and 2 can be explained by an impact on the availability of
alternatives. In line with what Cummins (1995) found for the number of disablers, this

indicates that associative strength of a stored disabler has no effect on the fallacies per se.

GENERAL DISCUSSION

The experiments in this study allow us to conclude that MP and MT acceptance
increases when there is no strongly associated disabler available. The results from the second
experiment established that, as expected, the manipulated availability of disabling conditions
affected both MP and MT acceptance. These results support the hypothesis that in addition to
the number of disabling conditions (Cummins, 1995), retrieving disablers from semantic
memory is affected by their strength of association.

Taken together, the outcome of the two experiments suggests there is no impact of the
associative strength of stored disablers on the DA and AC inferences. The observed trends
could be attributed to an impact of the disabler manipulation on the availability of the
alternatives. This is consistent with Cummins (1995) findings, where the number of stored
disablers had no effect on AC or DA.

Nevertheless, one should note that deviations of Cummins’ findings have been
reported. Some studies (e.g. Liu, Lo, & Wu, 1996; Markovits & Potvin, 2001, Experiment 3)
did report an impact of disabler retrieval on AC and DA acceptance. This would not be
surprising when the outcome of the disablers search process could affect the efficiency of the

alternatives search process. In that case one could hypothesize that successful disabler

3 Mean acceptance ratings in strongly vs. weakly expanded group: MP-= 6.08 vs. MP = 5.77, DA = 5.60 vs. DA
= 5.60, MT = 5.38 vs. MT = 4.66, AC=5.96 vs. AC=5.80.
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retrieval will be resource demanding what might burden the search for alternatives. However,
at present, such a possible interplay between the search processes has not yet been examined.
Together with the ‘disablers qualifying as alternative’ complication this makes it clear that
more research is needed to establish the precise relation between the disablers and alternatives
retrieval processes. In the absence of such more specific studies, the present DA and AC
conclusions should be interpreted with some caution.

In this study we adopted Quinn and Markovits’ (1998) notion of a semantic search
process and extended it to the disabling conditions. We should note that Quinn and Markovits
(see also Markovits et al., 1998) incorporated the postulated semantic search process in the
mental models theory (Johnson-Laird and Byme, 1991). They argued that successful retrieval
of an alternative would lead to the construction of an additional [not-P Q] model. This model
would represent the possibility that the effect specified in the conditional occurs without the
occurrence of the specified cause. Therefore, AC and DA would no longer be supported.

Theé above account can be easily extended to incorporate the present findings. When
the semantic search process retrieves a stored disabler an additional [P not-Q] model would be
constructed. This model will represent that it is possible that occurrence of the antecedent will
not result in the occurrence of the consequent. With such a model MP and MT will not longer
be supported. Since the probability of successful retrieval is lower when there is no strongly
associated disabler available, people will be less likely to construct the additional [P not-Q]
model. This would account for the higher MP and MT acceptance. In mental models theory,
the AC and DA inferences are only affected by models where the consequent does occur [Q]
or the antecedent does not occur [not-P]. Thus, whether or not the [P not-Q] model is
constructed is not important for AC and DA. This would explain why the associative strength
of disablers has no effect here.

However, it is important to notice that the present study only focused on the semantic
search process during conditional reasoning. As Quinn and Markovits (1998), we examined a
factor that affects successful memory retrieval. This research does not address how the
retrieved disabler is actually incorporated in the reasoning process. We therefore refrained
from making specific claims about the nature of the basic inferential principles (i.e., mental
models or mental inference rules). The general semantic search process can be incorporated in
other reasoning theories like mental logic (Braine & O’Brien, 1998; Rips, 1994) or the
probabilistic approach (Oaksford & Chater, 1998; Oaksford, Chater, & Larkin, 2000).

In the probabilistic approach, for example, acceptance of MP and MT depends upon

the value of an ‘exceptions parameter’ (i.e., the probability of not-q given p, see also
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Stevenson & Over, 1995). This parameter represents the probability that exceptions
(disablers) will occur. The higher the exceptions value the less MP and MT will be accepted.
Now, it is reasonable to assume that a reasoner determines this probability by searching
his/her memory for known exceptions. Thus, one can also predict that successful disabler
retrieval, by increasing the exceptions parameter, will decrease MP and MT acceptance.
Comparing these different implementations is not within the scope of the present experiment
or the Quinn and Markovits study.

We mentioned the relevance of the present study for the work of Elio (1997, 1998) and
other researchers in the domain of belief revision and non-monotonic reasoning. Elio
established that the number of stored disabling conditions affected peoples belief revisions
and stated that conditional reasoning and belief revision are guided by the same memory
search process. Our results show that successful retrieval is not only affected by the number
of stored disabling conditions but also by their strength of association.

Finally, the present study can be related to the work of Chan and Chua (1994). They
examined the effect of ‘relative salience’ of disabling conditions. This factor can be
interpreted as strength of association. Chan and Chua presented participants inference
problems with two conditionals (e.g., ‘If p then q, If r then g, p, thus q?°). The second
conditional mentioned a possible disabling condition while the categorical premise was not
expanded (see Bymne, 1989). Acceptance of MP and MT decreased with the strength of
association of the mentioned disabler. However, a crucial difference with our study is that the
present manipulation specifically affected the retrieval of disablers from semantic memory. In
Chan and Chua’s experiment, reasoning was affected by the strength of association of the
mentioned disabler per se. The expansion of the categorical premise in the present experiment
eliminated a strongly or weakly associated disabler and thereby affected the strength of
association in the residual disabler set.

In sum, our study indicated that the conditional inferences people draw are influenced
by the strength of association of the disabling conditions. This complements Quinn and
Markovits’ (1998) contention that the strength of association of elements in semantic memory

is an important factor in predicting conditional reasoning performance.
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CHAPTER 3

Testing the semantic memory framework

This study tests and refines a framework that proposes a mechanism for retrieving
alternative causes and disabling conditions during reasoning. Experiment 1 examined the
relation between different factors affecting retrieval. The test revealed high correlations
between the number of possible alternative causes or disabling conditions and their strength
of association and plausibility. Experiment 2 explored the hypothesis that due to a more
extended search process, conditional inferences would last longer when many alternative
causes or disabling conditions were available. Affirmation of the Consequent (AC) and Modus
Ponens (MP) latencies showed the hypothesized pattern. Denial of the Antecedent (DA) and
Modus Toliens (MT) inferences did not show latency effects. The experiment also identified
an effect of the number of disabling conditions on AC and DA acceptance. Experiment 3
measured efficiency of disabler retrieval by a limited time, disabler generation task. As
predicted, better disabler retrieval was related to lower acceptance of the MP and MT
inferences.

Based on: De Neys, W., Schaeken, W., & d'Ydewalle, G. (2002). Causal conditional reasoning and
semantic memory retrieval: A test of the semantic memory framework. Memory & Cognition, 30, 908-
920.
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INTRODUCTION

Conditional reasoning involves making inferences on the basis of an ‘if-then’ relation
and is considered one of the cornerstones of human reasoning. Research on conditional
reasoning has been trying to identify the factors and processes that affect the performance on
these ‘if-then’ inference problems. In a standard conditional inference task people are asked to

assess arguments of the following four kinds:

Modus Ponens (MP) If p then q, p therefore q
Modus Tollens (MT) If p then q, not q therefore not p
Denial of the Antecedent (DA) If p then q, not p therefore not q
Affirmation of the consequent (AC) If p then q, q therefore p

In standard propositional logic, MP and MT are considered valid inferences while DA and
AC are regarded as fallacies.

A growing body of evidence is showing that people’s knowledge about the relation
between the p (antecedent) and q (consequent) part of the conditional has a considerable
effect on the reasoning process. In particular, the role of knowledge of alternative causes and
disabling conditions has attracted interest (see Politzer, in press, for a review).

An alternative cause (alternative) is a possible cause that can produce the effect
mentioned in the conditional, whereas a disabling condition (disabler) prevents the effect

from occurring despite the presence of the cause. Consider the following conditional:

If the air conditioner is turned on, then you feel cool

Possible alternative causes for this conditional are:

Taking off some clothes, the weather cools, swimming. ..

The alternatives make it clear that it is not necessary to turn on the air conditioner in order to

feel cool. Other causes are also possible.

Possible disabling conditions are:
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Air conditioner is broken, having fever, window open...

If such disablers are present, turning on the air conditioner will not result in feeling cool. The
disablers make it clear that it is not sufficient to turn on the air conditioner in order to feel
cool. Additional conditions must be fulfilled.

Rumain, Connell, and Braine (1983) showed that when a possible alternative was
explicitly presented to participants, the AC and DA inferences were less endorsed. Byme
(1989) found a similar effect on MP and MT when a possible disabling condition was
mentioned. In addition, using familiar relations (e.g., If an animal has feathers, it is a bird) for
which people have ready access to alternatives, Markovits (1986) showed that even without
explicit presentation, awareness of a possible alternative decreased the number of AC and DA
inferences.

Cummins and colleagues (1995; Cummins, Lubart, Alksnis, & Rist, 1991) have
conducted further seminal work on the impact of alternatives and disablers in conditional
reasoning. Cummins (1995) and Cummins et al. (1991) directly addressed the role of stored
knowledge of alternatives and disablers by examining the effect of the number of available
alternatives and disablers. In a pretest they identified causal conditionals (i.e., conditionals
that express a causal relation) for which participants generated many or few alternatives and
disablers. These conditionals were then adopted for a conditional reasoning task. Results
showed that people’s acceptance of DA and AC inferences decreased for conditionals with
many possible alternatives. In addition, the number of disabling conditions affected the
acceptance of the MP and MT inferences: If there were many conditions that could disable the
relation between antecedent and consequent, people tended also to reject these valid
inferences. Alternatives and disablers were not explicitly presented, showing that a crucial
factor in causal conditional reasoning is the number of alternative causes and disabling
conditions people can think of.

Cummins (1995) argued that finding possible alternative causes and disabling
conditions affects peoples interpretation of the necessity and sufficiency of a cause for
bringing about the effect in question. As such, Thompson (1994) showed that the number of
disablers and alternatives effect generalized to non-causal conditional relations (e.g.,
permissions, obligations, and definitions).

The results of Cummins’ experiments imply that during a conditional reasoning task,
people search their memory for stored knowledge of alternatives and disablers. Since the

outcome of this retrieval process determines which conclusions people are willing to draw, it
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is of crucial importance for the reasoning community to clarify how the search process is
affecting reasoning (Johnson-Laird & Byme, 1994; Oaksford & Chater, 1998)

In a number of studies, Markovits and collaborators have started to specify this search
mechanism, which constitutes the core of their general model of conditional reasoning (see
Janveau-Brennan & Markovits, 1999; Markovits, 2000; Markovits, Fleury, Quinn, & Venet,
1998; Markovits & Potvin, 2001; Quinn & Markovits, 1998).

The model states that while making conditional inferences, reasoners will
automatically access structures with relevant information in semantic memory'. Such a
structure contains semantically or propositionally related elements. In causal conditional
reasoning, the structures would consist of possible alternative causes and disabling conditions.
Alternatives and disablers would be stored in different structures. According to many
influential models of long-term memory (e.g., Anderson, 1983; Gillund & Shiffrin, 1984), the
probability of retrieving at least one element from such a semantic memory structure will
depend on the number of elements within the structure. Thus, the probability of retrieving at
least one element from the structure storing alternative causes will be higher for conditionals
with many possible alternative causes. In the same way, the probability of retrieving a
disabling condition will be higher for conditionals with many possible disablers.

The model thus accounts for the effect of number of alternatives and disablers on the
underlying reasoning process: The number of possible alternatives and disablers affects
successful retrieval of such an element from the corresponding semantic memory structures.
When an alternative cause is retrieved, the original antecedent will no longer be perceived as
necessary for bringing about the consequent. As a consequence, the DA and AC inferences
will be less accepted. Retrieval of a disabling condition will decrease the perceived
sufficiency of the original antecedent for bringing about the consequent. This will result in
increased rejection of the MP and MT inferences.

We group these ideas under the heading of ‘semantic memory framework’. Although
the framework starts specifying a crucial component of the reasoning process, a number of
properties are not addressed and remain untested. The present study focuses on this issue. We
present three experiments where the characteristics of the semantic search process during

conditional reasoning are further tested and explored.

! As the introductory examples make clear, alternatives and disablers are typical instances of a person’s general
knowledge about the world, usually stored in semantic memory (Tulving, 1983). Of course, this does not exclude
that some alternatives or disablers, tied to a specific personal experience, might be retrieved from episodic
memory.
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First, we address a neglected issue concerning the relation between different retrieval
factors. Remember that one of the framework’s central claims is that the probability of
successful retrieval is higher for conditionals with many alternatives or disablers. Although it
is well established that the probability of retrieval is affected by the number of stored
elements, other factors are known to affect the retrieval too. The relation between these
factors has to be taken into account in order to validate the claim. A prior concern here is the
recently identified impact of ‘strength of association’ on conditional reasoning (see De Neys,
Schaeken, & d’Ydewalle, in press-a; Quinn & Markovits, 1998).

Quinn and Markovits identified the associative strength factor within the semantic
memory framework: In the memory structure with possible alternative causes of a
conditional, some alternatives will be more strongly associated with the consequent in
question than will others. For example, the cause ‘the dog has fleas’ will be more strongly
associated with the consequent ‘a dog scratches constantly’ than the cause ‘the dog has skin
disease’. Quinn and Markovits showed that in addition to the number of alternative elements
in a structure, the relative strength of association facilitated retrieval. In a related study, De
Neys et al. (in press-a) found that the strength of association effect was also present for the
disabling conditions.

Participants in Experiment 1 were asked to generate disablers and alternatives for a set
of conditionals. As in Cummins’ (1995) pretest, we recorded the number of generated
alternatives and disablers in order to classify the conditionals in groups with many and few
disablers and alternatives. We also recorded how frequently each individual alternative and
disabler was generated to measure strength of association (see Quinn and Markovits, 1998).
This allowed us to establish the relation between both retrieval factors.

In addition, plausibility ratings for the individual disablers and alternatives were
collected. Since more readily available stored elements will tend to be judged more likely
(Kahneman, Slovic, & Tversky, 1982) this allowed to take an additional retrieval factor into
account.

The impact of the number of stored disablers and alternatives on inference acceptance
is well established. In the second experiment we looked for the first time at the impact on the
inference latencies. The additional latency data can contribute to a further characterization of
the semantic memory framework: Whether or not one has stored many disablers or
alternatives will have clear processing consequences. Of primary interest here is the fact that
some studies (e.g., Conway & Engle, 1994) have shown that the time course of a memory

search process is affected by the number of elements that are retrieved from a memory
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structure. It is likely that for conditionals with many disablers or alternatives more of these
elements will be retrieved. Therefore, within the semantic memory framework, one might
expect that the time needed for an inference will also be affected by the available number of
disablers and alternatives. This was explored in Experiment 2 by recording both acceptance
ratings and reaction times for the different inferences in a replication of Cummins (1995). The
replication also allowed us to examine the generality of a previously reported (e.g. Liu, Lo, &
Wu, 1996; Markovits & Potvin, 2001) additional effect of the number of disablers on AC and
DA acceptance.

Finally, in a third experiment we try to obtain further evidence for the role of the
memory search process in conditional reasoning. If the outcome of the search process
determines the inferences people draw, we should expect that individual differences in the
efficiency of the retrieval process will affect reasoning performance. Janveau-Brennan and
Markovits (1999) already showed that elementary school children’s capacity to generate
possible alternative conditions was related to their performance on the AC and DA inferences.
Here, we tested whether individual differences in adult reasoners capacity to retrieve disabling
conditions affected performance on MP and MT inferences. The semantic memory framework
states that the increased rejection of MP and MT results from the successful retrieval of a
disabling condition. Since the probability of successful retrieval will be higher for people with
a more efficient search process, we predict that the better one is at retrieving disablers from

semantic memory, the less MP and MT should be accepted.

EXPERIMENT 1 — RELATION BETWEEN RETRIEVAL FACTORS

Whether or not the semantic search process retrieves an alternative or disabler depends
on more than the number of stored elements. The probability of successful retrieval will also
increase with the associative strength or plausibility of the stored elements. In Experiment 1
we examined the relation between different factors affecting the retrieval of stored
alternatives and disablers. Participant generated disablers and alternatives for a set of
conditionals. On the basis of the number of generated items, conditionals were classified in
groups with many and few alternatives or disablers. Associative strength was measured by
recording the frequency of generation of the individual alternatives and disablers. After, the
generation task participants rated the plausibility of the generated alternatives or disablers.

Within the semantic memory framework one would expect to see positive relations

between the factors of number, associative strength, and plausibility. That is, if conditionals
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with more disablers have also more strongly associated and plausible disablers, the claim that
the probability of successful retrieval is higher for conditionals with many alternatives or

disablers would be validated.
Method

Participants
Forty first-year students in psychology were enrolled. Half the participants were

required to generate possible alternative causes and the other half to generate possible

disabling conditions. All participants were native Dutch speakers.

Material

The 16 causal conditionals from Cummins (1995, Experiment 1A) were used for the
generation task. The conditionals were selected by Cummins because they constituted a 2
(few vs. many alternatives) x 2 (few vs. many disablers) manipulation of the factors of
number of alternative causes and number of disabling conditions. Another four causal
conditionals that seemed to vary in terms of possible alternatives and disablers were adopted
from the literature. Item format and instructions were similar to the generation task of

Cummins (1995) and Cummins et al. (1991). Thus, the following format was used:

Rule: If the air conditioner is turned on, then you feel cool

Fact: You feel cool, but the air conditioner was not turned on

Please write down as many factors as you can that could make this situation possible.

This is an example of the alternative causes generation task. The format of the disabling
conditions generation task was similar except that under the heading fact would appear ‘The
air conditioner was turned on, but you don’t feel cool’. Formats like these were constructed
for each of the 20 conditionals; they were typed one to a page in a booklet. The order in which
the conditionals appeared in the different booklets was randomized. Task instruction stressed
the importance of producing items that were reasonably realistic and different from each
other. Participants were instructed that simple variations of the same, simple idea (e.g., for the
example above ‘taking off shirt’, ‘taking off sweater’, ‘taking off coat’) would be scored as a

single item and needed to be avoided.
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Procedure

Participants were run in groups of two to six. The top sheet of the generation task
booklet included the written instructions, which were read aloud to the participants.
Participants had 1.5 min to write down their answers for each conditional.

After the generation task, participants received written instructions for the plausibility
rating task. They were asked to rate the plausibility of the disablers or alternatives they had
generated on an 11-point scale, (0 = very implausible; 10 = very plausible). Ratings had to be
written down in the booklets alongside each generated disabler or alternative. Participants
received a practice conditional (‘If Bart drinks coffee in the evening, then he doesn’t sleep
well’) with possible disablers or alternatives. Instructions for the disabler rating task made
clear we wanted participants to rate how plausible they judged the generated disablers as
‘explanations’ for the non-occurrence of the specified effects (e.g., ¢ Bart drank coffee in the
evening, but he slept well. How plausible is it that this was due to the fact that the coffee was
decaffeinated?’). Participants who had generated alternatives were instructed to rate the
plausibility of the generated factors as alternative causes for the specified effects (e.g., ‘Bart
did not sleep well. How plausible is it that this was due to the fact that it was too noisy?).

As in Quinn and Markovits (1998) and De Neys et al. (in press-a), associative strength
was measured by recording how frequently an individual alternative or disabler was generated
across participants. For example, if 12 out of the 20 participants would generate “taking off
sweater” as alternative for “If the air conditioner is turned on, then you feel cool”, “taking off
sweater” would receive an associative strength of 60%.

The generation protocols were scored by two independent raters in order to identify

unrealistic items and items that were variations of a single idea.

Results and discussion

Overall, 5.6% of the generated items were disallowed by the raters. Interrater
reliability for the alternatives generation task was .95 and for the disablers generation task .83.
These figures are in line with the data of the Cummins (1995) generation task.

In general, the mean number of generated alternatives and disablers for the 16
‘Cummins’ conditionals was also very similar to what was originally reported. Nevertheless,
two original conditionals (‘If Alvin reads without his glasses, then he gets a headache’ and ‘If

the doorbell is pushed, then it will ring’) needed to be replaced because the number of
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generated disablers differed substantially from Cummins (1995). Table Al in the appendix
presents the 16 selected conditionals. The table contains the respective means together with

the most frequently generated alternatives and disablers for every conditional.

Table 1
Mean Number and Mean Plausibility of Generated Alternatives/Disablers for Conditionals

Classified as Having Many or Few Alternatives/Disablers

Alternatives Disablers
Many Few Many Few
Mean number 4.03 1.91 4.03 2.31
Mean plausibility 6.34 5.08 6.29 5.21
Mean number AS 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. There are eight conditionals in each group. The last three rows present the mean number of alternatives
and disablers generated by at least 50, 75, and 90 percent of the participants (AS= associative strength). The
plausibility rating scale ranged from O (very implausible) to 10 (very plausible).

We were interested in the differences in generation frequency and plausibility ratings
of alternatives and disablers for conditionals classified as having many or few of these
conditions. Results are summarized in Table 1. Overall, when a conditional had many
alternatives or disablers, the disablers (34% vs. 32%) and alternatives also (30% vs. 22%)
tended to have a higher strength of association. Spearman Rank Order Correlations confirmed
this positive relation between a conditional’s number of possible disablers and the disablers’
mean strength of association [r; = .43, n = 16, t(14) = 1.77, p<.1]. The alternatives showed a
similar relation [r; = .65, n = 16, t(14) = 3.23, p<.01]. To provide a more specific picture, we
also looked at the number of strongly associated alternatives/disablers in both groups. Three
frequency levels (disabler or alternative generated by at least 50%, 75% and 90% of

participants) were used as criterion.
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As Table 1 indicates, comparing the number of strongly associated elements supported
the global analysis: The group of conditionals with a high number of alternatives has also a
higher mean number of strongly associated alternatives (both at the 50%, 75% and 90%
level). The disablers show the same trend at the 50% and 75% levels. The high correlations
between the number and number of strongly associated (>50%) alternatives [r; = .82, n = 16,
t(14) = 5.82, p<.001] and disablers [r; = .73, n = 16, t(14) = 4.01, p<.002] supported these
findings®.

Thus, conditionals with a higher number of possible disablers or alternatives will also
have more strongly associated disablers and alternatives. Since both the number and strength
of association increase the probability of retrieval, these results validate the claim that
successful retrieval is more probable for conditionals with many alternatives or disablers.

Table 1 further shows that the generated disablers and alternatives for conditionals
classified as having many disablers/alternatives are also rated more plausible. For the 16
selected conditionals, Spearman Rank Order Correlations showed a high positive correlation
between the number of generated disablers and the mean plausibility of these disablers [r; =
.70, n =16, t(14) = 4.01, p<.002]. The same trend was observed for the alternatives [r; = .62, n
= 16, t(14) = 2.97, p<.02]. Given the often observed ‘availability heuristic’ (Kahneman et al.,
1982), one can assume that the higher plausibility ratings reflect easier retrieval. In this sense,
the findings present converging evidence for the strength of association conclusion.

The plausibility rating gives us also an indication of the ‘quality’ of the retrieved
disablers and alternatives. Chan and Chua (1994) showed that this ‘quality’ of a presented
disabler (i.e., the salience or perceived importance of the disabler in relation to the occurrence
of the consequent ) affected MP and MT acceptance. This could imply that in addition to the
higher retrieval probability, a disabler (or alternative) that is retrieved from a memory
structure with many stored elements will have a stronger impact on the inferences acceptance.
It is worthwhile to note that this might be an additional factor that contributes to the effect of

the number of alternatives and disablers on conditional reasoning.

2 One-should note that Quinn and Markovits-(1998) measured strength of association in a generation task that
only allowed 30s generation time, while the present study allowed 1.5 min (as in Cummins, 1995). It could be
argued that this longer generation time confounded the strength of association measure. However, for the
retrieval efficiency measure in Experiment 3 we used a disabler generation task with 30s generation time. This
allowed to compare the frequency data for six conditionals with 30s and 1.5 min generation time. The crucial
relative ranking of the disablers was hardly affected: Spearman Rank Order Correlation reached .84 [t(82) =
13.71, p<.0001].
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EXPERIMENT 2 — INFERENCE STUDY

First, Experiment 2 explored the effect of the number of stored alternatives and
disablers on the conditional inference latencies. Previous studies have focused solely on the
impact on inference acceptance. However, latency data may allow us to further characterize
the crucial semantic search process during conditional reasoning.

Experiment 1 showed that for conditionals with many disablers or alternatives the
memory structure storing these elements will typically contain a number of strongly
associated elements. Available evidence from memory studies (Conway & Engle, 1994)
suggests that (up to four elements) a semantic search process will take longer when the
number of elements that are retrieved from a memory structure increases. When making
conditional inferences, such a longer search process should result in longer inference times.
Thus, availability of many alternatives and disablers might result not only in lower AC/DA
and MP/MT inference acceptance but, due to an extended search process, also in longer
inference latencies. This expectation was explored by recording both acceptance ratings of the
conclusions and the time needed to evaluate them in a replication of Cummins (1995,
Experiment 1A).

Second, Experiment 2 allowed us to examine a possible impact of the number of
possible disablers on the AC and DA inferences. Although not detected by Cummins (1995),
Liu et al. (1996) and Markovits and Potvin (2001, Experiment 3) observed that AC and DA
were more accepted when many disablers were available. At present, the semantic memory
framework does not incorporate such an effect. Since procedural variations in the cited studies
might restrict comparability with Cummins’ work, the present large scale (100 participants)
replication will allow to assess the generality of the trend and possible implications.

It is importani to note that in the present study we are interested in the general
inference latency pattern. Therefore, contrary to more traditional reasoning studies, latencies
are analyzed in function of the number (few vs. many) of stored alternatives and disablers
independent of the specific acceptance ratings. Furthermore, as in Cummins (1995), a graded
rating scale was used to measure inference acceptance. Thus, when we refer to acceptance and
rejection of an inference this should be interpreted relative to the rating scale (i.e., rejection
indicates lower acceptance ratings).

In sum, except for the possible impact of disabling conditions on AC and DA we
expect to replicate Cummins’ (1995) findings on the acceptance ratings: MP and MT should

be more rejected for conditionals with many disablers than for conditionals with few
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disablers. AC and DA should be more rejected for conditionals with many alternatives than
for conditionals with few alternatives. For the latency effects, given the extended search
hypothesis one expects longer MP and MT latencies for conditionals with many disablers than
for conditionals with few disablers. Likewise, we expect longer AC and DA latencies for

conditionals with many alternatives than for conditionals with only few alternatives.
Method

Participants
One hundred and one undergraduate students from the University of Leuven
participated as paid volunteers or for partial fulfillment of a course requirement. All were

native Dutch speakers and none had had training in formal logic.

Materials

The 16 conditionals selected in the generation task (see Table A1) were used. The
conditionals yielded a 2 (few/many) x 2 (alternatives/disablers) design with four items per
cell. The 16 conditionals were embedded in the four (MP, DA, MT, and DA) inference types,
producing a total of 64 inferences for each participant to evaluate.

The experiment was run on computer. The item format was based on Cummins
(1995). Each argument was presented on screen together with a 7-point rating scale and

accompanying statements. This resulted in the following format:

Rule: If Jenny turns on the air conditioner, then she feels cool
Fact: Jenny turns on the air conditioner

Conclusion: Jenny feels cool

Given this rule and this fact, give your evaluation of the conclusion:

I
SN YO, JEU UL, JU R SR, S UL, S
Very Sure Somewhat I Somewhat Sure Very
Sure Sure 1 Sure Sure
I
That I CANNOT draw I That I CAN draw
this conclusion this conclusion

Type down the number that best reflects your decision about the conclusion:_
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Each of the 64 arguments was presented in this way. The premises, conclusion and typed

number were always presented in yellow. The remaining text appeared in white on a black

background.

Procedure

Participants were run in groups of two to eight. Instructions were presented verbally
and on screen. They showed an example item that explained the specific task format.
Participants were told that the task was to decide whether or not they could accept the
conclusions. Care was taken to make sure participants understood the precise nature of the
rating scale. Participants used the keypad to type down the number reflecting their decision
and pressed the Enter-key when finished. The next item was presented 750 ms after the Enter-
key was pressed. The instructions made clear that there were no time limits, but it was
stressed that once participants had made their final decision, they had to press the Enter-key
immediately. The time between the presentation of the item and pressing the Enter-key was
recorded together with the acceptance rating. After half of the inferences were evaluated, item
presentation was paused until participants decided to continue. Instructions stressed that no
other breaks were allowed and participants were expected to work through the items one
immediately after another. The 64 items were presented in random order. The experimental
session was preceded by one practice trial.

It should be pointed out that, as in Cummins’ (1995) study, participants were not
explicitly instructed to accept the premises as true and to endorse only conclusions that follow
necessarily. Instead, participants could evaluate the conclusions by the criteria they personally
judged relevant. With Cummins we assume that this encourages people to reason as they
would in everyday circumstances. However, we should note that strictly speaking the task is
therefore not a deductive inference task (see Evans, 2000). Endorsing the logically valid (MP
and MT) and invalid inferences (AC and DA) should therefore not be considered correct or
incorrect reasoning. When we refer to the standard nomenclature, we adopt a nominalist

stance towards the use of the terms 'valid inferences' and 'fallacies’.
Results and discussion

Each participant evaluated inferences based on four different conditionals within each

2 (number of alternatives) x 2 (number of disablers) x 4 (inference type) cell of the design.
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The mean of these four observations was calculated. These means were subjected to a 2 x 2 x
4 within-subjects ANOVA for acceptance ratings and reaction times.
Effects involving repeated measures with more than two levels were analyzed with

multivariate ANOVA tests.
The data from one participant were discarded. Mean reaction times differed from the

mean reaction times of the sample by more than 3 SD on MP, DA, MT and 2.5 SD on AC.

Acceptance ratings

The main effects of inference type, number of disablers and number of alternatives
were all significant [Rao R (3,97) = 82.19, p<.0001; F(1,99) = 17.94, MSe = .89, p<.0001;
F(1,99) = 399.39, MSe = 1.17, p<.0001]. As in Cummins (1995), the interactions between
inference type and number of disablers [Rao R (3,97) = 106.41, p<.0001] and inference type
and number of alternatives [Rao R (3,97) = 96.34, p<.0001] were also significant. These

interactions are depicted in Figure 1.

a) Number of alternatives

o 7
£
® 6 o Few
; alternatives
g 5 E Many
- alternatives
o 4
8
< 3
MP DA MT AC
Inference type
b) Number of disablers
g
§ 6 M Few
@ disablers
e 5 @A Many
8 disablers
g 4
3
< 3

MP DA MT AC

Inference type

Figure 1. The effect of (a) the number of alternatives and (b) disablers on mean acceptance ratings for the four
inference types. The rating scale ranged from 1 (very sure cannot draw this conclusion) to 7 (very sure can draw
this conclusion), with 4 representing can’t tell.
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Planned contrast tests showed that acceptance of DA [F(1, 99) = 353.59, MSe = .85,
p<.0001] and AC [F(1,99) = 383.59, MSe = 1.04, p<.0001] was significantly lower for
conditionals with many alternatives. Further in line with Cummins (1995), the number of
disablers affected acceptance of MP [F(1,99) = 137.85, MSe = .48, p<.0001] and MT [F(1,99)
= 121.41, MSe = .94, p<.0001], with lower ratings for conditionals with many possible
disablers.

These findings replicate Cummins (1995). The present study also identified some
additional effects®. First, the number of alternatives not only affected AC and DA but also MP
[F(1,99) = 7.88, MSe = .37, p<.01] and MT acceptance [F(1,99) = 29.8, MSe = .6, p<.0001]:
For conditionals with many alternatives, slightly lower MP and MT ratings were obtained.
Nevertheless, there was still an interaction between inference type and number of alternatives.
As is clear from Figure 1a, the MP and MT effects were smaller than the impact of alternative
retrieval on AC and DA.

The MP and MT findings can be explained if one takes into account that in our set of
conditionals there is a positive correlation (rs = .37, n.s.) between a conditional’s number of
possible alternatives and disablers (see Thompson, 2000, Appendix E, for a similar
observation). Therefore, conditionals with many alternatives will also tend to have a slightly
higher number of disablers than conditionals with few alternatives. Consequently, since
retrieving disablers will be somewhat more probable for the many alternative conditionals, the
lower MP and MT acceptance is not surprising.

Second, the findings of Liu et al. (1996) and Markovits and Potvin (2001, Experiment
3) were replicated: In addition to the impact on MP and MT, the number of disablers also
affected DA and AC acceptance. Both DA [F(1,99) = 38.16, MSe = 47, p<.0001] and AC
[F(1,99) = 74,13, MSe = .58, p<.0001} were more accepted when many disablers were
available. This effect cannot be explained by the correlation between the number of
alternatives and disablers since this would result in a trend in the opposite direction.

A possible explanation points towards an interplay between the disablers and
alternatives search processes. Markovits and Potvin (2001) already observed that disabler
retrieval can occur during a search for alternative causes. This suggest that retrieval of
alternatives and disablers is not occurring in complete isolation. Note that at present the

specific relation between both search processes is not specified in the semantic memory

3 .-
We refer to additional effects because these were not significant in Cummins (1995). However, there were
trends in the same directions (see Figure 3, p 653).
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framework. We can assume that retrieving stored memory elements is resource demanding. A
plausible hypothesis would be that retrieving (many) disablers puts a load on the cognitive
system. This load would then burden the search for alternative causes. Thus, retrieval of
alternatives would be less efficient for conditionals with many disablers which would result in
a lower retrieval probability and thus higher AC and DA acceptance. Consistent with this
hypothesis, both on AC [F(1,99) = 6.56, MSe = .34, p<.015] and DA [F(1,99) = 6.04, MSe =
5, p<.02] the effect of the number of disablers was mediated by the available number of
alternatives: Disabler retrieval affecting AC and DA was less pronounced for the conditionals
that had only few alternatives. Indeed, when only few alternatives are available successful
retrieval is not very likely anyway. Thus, an eventual burden of the search process should not
be expected to have a major impact here.

While interesting, the explanation is not unproblematic. For example, given that
alternative retrieval did not increase MP and MT acceptance, one needs to explain why
retrieval of disablers would burden retrieval of alternatives, while the reverse does not occur.
Such a pattern suggests that retrieving disablers has somehow priority over retrieving
alternatives. It is clear that this issue demands further research. Meanwhile, in the light of
recent demonstrations of the interplay between disabler and alternative retrieval processes

(Markovits & Potvin, 2001) the overload mechanism should not be discarded.

Reaction times

In order to eliminate biased measures, a trimming procedure was applied to the
reaction times before they were subjected to analysis. For every inference type, any latency
that was more than 3 standard deviations above a persons mean reaction time for that
inference type was discarded. This procedure affected less than 1% of all observations.

The (M)ANOVA revealed a significant main effect of inference type [Rao R (3,97) =
43.03, p<.0001]. As for the acceptance ratings, we also observed significant interactions
between inference type and number of alternatives [Rao R (3,97) = 4.82, p<.004] and
inference type and number of disablers [Rao R (3,97) = 2.7, p<.05]. These interactions are
depicted in Figure 2.

Planned contrasts tests indicated that the AC [F(1,99) = 5.47, MSe = 7.52, p<.025]
inference took more time (641 ms) for conditionals with many alternatives (see Figure 2a).
Likewise, the MP [F (1,99) = 11.52, MSe = 5.27, p<.001] inferences required more time (776

s) for the conditionals with many disablers (see Figure 2b).
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Figure 2. The effect of (a) the number of alternatives and (b) disablers on mean reaction times for the four
inference types.

These findings show that the higher number of stored alternatives and disablers resuits not
only in lower AC and MP acceptance, but also in increased inference latencies. This
corroborates the hypothesized extended semantic search process for conditionals with many
alternatives or disablers: When many (strongly associated) alternatives and disablers are
available, retrieval of additional alternatives and disablers will result in longer inference
latencies.

Although the number of available disablers and alternatives affected MT and DA
acceptance, no effects were observed on the latencies. Thus, DA and MT latency data suggest
there is no extended search process for these inferences. The findings can be reconciled if one
takes into account that the semantic search process during conditional reasoning is possibly
affected by inference complexity. DA and MT inferences are more complex than AC and MP

inferences. DA and MT, the so called ‘denial inferences’, involve negations and reasoning
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theories typically state these demand more cognitive (working memory) resources (Johnson-
Laird & Byme, 1993; Oaksford, Chater, & Larkin, 2000; Braine & O’Brien, 1998). Rosen and
Engle ( 1997) have shown that semantic memory retrieval is affected by working memory
load. Therefore, the increased complexity may affect the semantic search process. Due to the
higher load the search would be less extensive. The additional need to process negations
would thus override the extended search for DA and MT inferences.

In general, this implies that for DA and MT based on conditionals with many
alternatives/disablers, less of these elements will be retrieved than for MP and AC. Therefore,
one might expect a less pronounced effect of the number of alternatives and disablers on the
DA and MT acceptance ratings. However, one has to consider that when the reasoning system
is already burdened, retrieval of even a single alternative might cause a cognitive overload.
Such an overload can result in increased inference rejection (e.g. Toms, Morris, & Ward,
1993). Therefore, even with a less extensive search process, availability of many
alternatives/disablers can still result in considerable decreased MT and DA acceptance.
Consistent with this claim planned contrast test showed that the number of disablers had a
similar impact on MP and MT acceptance ratings. Likewise, AC and DA acceptance were not
differentially affected by the number of available alternatives.

As Figure 2a indicates, MP inferences also lasted longer (595 ms) when only few
alternatives were available [F(1,99) = 11.9, MSe = 2.97, p<.001]. This effect of alternatives
on MP reaction times is puzzling. The direction of the effect, with many alternative
conditionals having shorter reaction times, was the opposite of the other latency effects. At

present, we have no clear cut explanation for this finding.

EXPERIMENT 3 — INDIVIDUAL DIFFERENCES IN DISABLER RETRIEVAL
CAPACITY

In Experiment 3 we tried to obtain further evidence for the role of the semantic search
process during conditional reasoning. We tested whether individual differences in adult
reasoners capacity to retrieve disabling conditions affected performance on MP and MT
inferences. The semantic memory framework states that the increased rejection of MP and
MT results from the successful retrieval of a disabling condition. Since the probability of
successful retrieval will be higher for people with a more efficient search process, one should
predict that the better one is at retrieving disablers from semantic memory, the less MP and

MT should be accepted.
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We do not predict an effect on the inference latencies. Reasoners with a more efficient
retrieval process can be expected to be faster at retrieving disablers. Although more efficient
retrievers should retrieve more disablers, the faster running search process will probably
compensate the extra time needed for the additional retrieval.

Retrieval efficiency was measured by looking at the number of generated disablers in
a generation task that was presented to forty participants after the inference task of
Experiment 2. The generation task used four new conditionals and four conditionals already
presented in the inference task. The new conditionals were included because generation for
the old conditionals may be biased by familiarity. On the other hand, retrieval of disablers for
adult participants may be highly specialized and conditional specific. In this latter case,
generation of disablers for the new conditionals would not be informative for the retrieval
efficiency for conditionals in the inference task. Comparing the results for the old and new

conditionals allows to sidestep this possible complication.

Method

Participants
Forty participants that also participated in Experiment 2 took part in the present

experiment.

Materials

The disabler retrieval capacity was measured by requesting participants to generate
possible disablers for eight conditionals. Half of the conditionals were already presented to
participants in the inference study (= old conditionals), while the other half were different (=
new conditionals). Half of the old and new conditionals were classified in previous work as
possessing many disabling conditions, while the other half had only few possible disabling
conditions. Item format and task instructions were similar to the generation task presented in
Experiment 1. The conditionals appeared in the same order in all booklets. The old

conditionals were presented after the new ones.
Procedure

The retrieval measure was presented after all participants of a group had finished the

inference study. Generation time was limited to 30 s for the new conditionals as in Janveau-
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Brennan and Markovits (1999). To account for faster reading times (and thus more retrieval
time) due to previous presentation, generation time was limited to 28 s for the old
conditionals. Participants had to write down their answers. Instructions stressed the
importance of writing down only the general core of the retrieved disablers, in order not to
lose time because of the writing itself. The generated disablers were scored according to the

list of accepted disablers as provided by the raters in our previous studies.

Results and discussion

We disallowed 5.66% of the generated disablers in the retrieval measure, mainly
because they expressed variations of the same idea according to the previous classifications.
The Spearman Rank-Order correlation between the generated number of disablers for the new

and old conditionals was rather high (r; = .65, n = 40, t(38) = 5.30, p<.001).

Acceptance ratings

We first analyzed the relation between participants’ mean MP, DA, MT and AC
acceptance rating in Experiment 1 and the total number of disablers they generated for the
eight conditionals in the retrieval task. Spearman Rank-Order correlations indicated that both
MP [r; = -.35, n = 40, t(38) = -2.33, p<.03] and MT [r; = -.40, n = 40, t(38) = -2.67, p<.02]
showed the expected significant negative relation: The more disablers people could retrieve in
a limited time period, the less they accepted MP and MT. Acceptance of DA (r; =.09) and AC
(rs = .13) was not significantly related to the disabler retrieval capacity.

The same analysis was run with the number of generated disablers for the new and old
conditionals as separate indexes of retrieval capacity. Both indexes pointed to the same
conclusions: There were significant or marginally significanit negative correlations with MP
[old; 1s = -.31, n = 40, t(38) = -1.97, p<.06, new; r; =-.31,n = 40, t(38) =-1.98, p<.06] and MT
acceptance ratings [old; 1 = -.41, n = 40, t(38) = -2.75, p<.01, new; r;=-.31, n = 40, t(38) = -
98, p<.06), but there was no effect on DA and AC. Together with the high correlation
between the generated number of disablers for the old and new conditionals, this indicates
that both indexes are measuring the same capacity. Therefore, in the remaining analyses we
used only the total number of generated disabler as the index of retrieval efficiency.

To provide a more global picture of the observed effects, we classified participants in

three groups according to the total number of generated disablers in the retrieval task.
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Participants giving 17 or fewer disablers were classified as Low (n=10, Mean= 14.2),
participants giving 23 or more disablers were classified as High (n=12, Mean= 24.8), while
the remaining participants were classified as Intermediate (n=18, Mean=20). For each of the
four inference types, we performed an ANOVA on the acceptance ratings with retrieval
capacity as a between-subjects factor and number of alternatives and disablers as a within-
subjects factor. This resulted in a 3 (retrieval) x 2 (many/few alternatives) x 2 (many/few
disablers) design. Because the pattern of results for the number of alternatives and disablers
variables repeated what had been found in the inference-study, we only report results relating
to the retrieval capacity factor.

Acceptance of both MP [F(1,37) = 4.19, MSe = 2.64, p<.03] and MT [F(1,37) = 4.40,
MSe = 4.94, p<.02] was affected by the retrieval factor. These effects are depicted in Figure
3. Newman-Keuls tests showed that participants with low (6.29) and intermediate (6.23)
capacity to retrieve disablers from semantic memory, accepted MP significantly more than the
high capacity group (5.44). A similar effect was observed for MT, with the low (5.51) and
intermediate groups (5.44) giving higher ratings than the participants in the high group (4.33).
The differences between the low and intermediate groups were not significant. Both for MP
and MT, interactions of the retrieval and number of disabler and alternatives factors were not
significant, which indicates that the retrieval factor has a similar effect on conditionals with

few and many disablers.

7
I ®----"" *
%7
£ ,
s *
8 --4--MP
c 5
s ——MT
g
Q
2
4+
o1
@0? 6@\0 \,0‘“
)
&
&

Retrievail Capacity

Figure 3. The effect of disabler retrieval capacity on MP and MT acceptance ratings. Retrieval capacity is
measured by the number of generated disablers (Low, High, or Intermediate) in the generation task.
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We mentioned that Janveau-Brennan and Markovits (1999) already found that
children’s capacity to retrieve alternatives was related to acceptance of DA and AC. The more
alternatives children could retrieve, the less they accepted both inferences. This corroborates
the present findings. However, in addition Janveau-Brennan and Markovits also observed that
an efficient retrieval of alternatives resulted in lower MP acceptance. Although there was no
effect on MT, they interpreted this as evidence for a general retrieval capacity. In the present
study DA and AC acceptance ratings were not affected by participants’ capacity to retrieve
disablers from semantic memory. This suggests that for adult reasoners, retrieval capacity for

alternatives and disablers is not related.

Reaction times

Spearman Rank Order correlations between participants’ mean MP, DA, MT and AC
latencies in the inference task and the total number of generated disablers for the eight
conditionals in the retrieval task were calculated. Although the DA (r; = -.25), AC (1 = -.20)
and MT (r; = -.16) correlations showed a negative trend, none of the correlations were
significant (not even at the .1 level). When the analysis was run with number of generated
disablers for the new and old conditionals as separate indexes of retrieval capacity, the same,
non-significant, pattern was observed.

As expected, these findings indicate that good disabler retrievers do ‘more in the same
time’. Although they will retrieve more disablers, which is time consuming, the retrieval will
also be faster than for people with less good retrieval capacities. Hence, the inference time is

not affected.

GENERAL DISCUSSION

The results of the present study supported and refined the semantic memory
framework of conditional reasoning. This framework explains the effect of the number of
possible disablers and alternatives of a conditional and integrates it with the underlying
reasoning process. It states that the possible alternatives and disablers of a conditional are
stored in semantic memory structures and that reasoners access these structures when
presented a conditional inference problem. The framework further assumes that the number
and strength of association of the elements in the memory structures affect successful

retrieval. Retrieval of a disabler will decrease the perceived sufficiency of the original
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antecedent for bringing about the consequent. This results in an increased rejection of the MP
and MT inferences. When an alternative cause is retrieved, the original antecedent will no
longer be perceived as necessary for bringing about the consequent. As a consequence, the
DA and AC inferences are less accepted.

We started the study with an examination of the relation between different factors
affecting retrieval of alternatives and disablers. We observed high correlations between the
different factors: Conditionals with many elements in the semantic memory structures had a
higher number of strongly associated elements and the elements were also rated as more
plausible. This supported the framework’s central claim that successful retrieval is more
likely when many alternatives or disablers are available.

The second experiment explored the impact of the number of available alternatives
and disablers on conditional inference latencies. It was hypothesized that due to a more
extended search process, inferences would last longer when many alternatives or disablers
could be retrieved. Consistent with this claim, AC took more time for conditionals with many
alternatives while MP latencies increased when many disabling conditions were available. For
MT and DA inferences there was no evidence for an extended search process. We
hypothesized that the additional need to process negations for MT and DA overrides the
retrieval of additional alternatives or disablers. In addition to Cummins (1995) findings,
Experiment 2 also identified an impact of the number of available disablers on AC and DA
acceptance: When many disablers were available AC and DA were less accepted. We argued
that this finding suggests an interplay between the alternative and disabler search processes.

In Experiment 3 the role of the semantic search process during conditional reasoning
was further established. As expected, individual differences in the efficiency of the disabler
retrieval process affected inference acceptance. The better people were at retrieving disablers,
the less MP and MT were accepted.

This study supports the semantic memory framework, but it is important to remark that
possible alternative accounts might be suggested. Especially with respect to the latency data,
such a possible alternative explanation is provided by the mental models theory (Johnson-
Laird, 1983; Johnson-Laird, Byme, & Schaeken, 1992). One should note that unlike
Cummins (1995), Markovits and collaborators (e.g., see Markovits, 2000; Markovits et al.,
1998) have incorporated the semantic memory framework in this general reasoning theory.

Mental models theory could explain the increased MP and AC latencies as the result of
an additional mental representation process. The theory will state that retrieval of an

alternative or disabler alters the mental representation of the conditional that is used as the
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basis for inferences: After successful retrieval the initial representation of the conditional will
be extended with an additional model (Byrne, Espino, & Santamaria, 1999). The additional
model would represent the possibility that occurrence of the antecedent is not linked with
occurrence of the consequent (for a disabler) or the fact that the consequent can be linked with
different alternatives (for an alternative). In Byme et al. (1999) these extra models constitute
what the authors refer to as the ‘recursive’ and ‘conditional’ interpretation of a conditional.
Now, the additional model construction is known to be time consuming (see Barrouillet,
Grosset, & Lecas, 2000). Since the additional representation will only be constructed when
retrieval of an alternative or disabler is successful, this can partially explain the longer
inference latencies. Thus, the possible contribution of such a representational process to the
MP and AC latency findings should at this point not be discounted.

The present study also points towards some important issues that are currently not
addressed in the semantic memory framework. A prior concern is that the framework needs to
establish the precise relation between the different processes taking part in conditional
reasoning. At present the framework assumes that, for example, the processes of representing
the conditional, processing negations, and searching for stored alternatives and disabliers are
occurring in complete isolation. We believe the findings of Experiment 2 suggest this is not
the case. Rather, the different processes would ‘compete for limited resources’. The crucial
role of working memory in both conditional reasoning (€.g., Barrouillet & Lecas, 1999; Toms
et al., 1993; Meiser, Klauer, & Naumer, 200i) and semantic memory retrieval (e.g., Rosen &
Engle, 1997) has been established. Thus, it is likely that the processes that are crucial in the
semantic memory framework are all burdening the limited working memory resources.
Therefore, it would not be surprising that processing of negations affects the extent of the
search process or that disabler retrieval affects the search for alternatives. Furthermore, the
fact that some processes can have priority over others (e.g., disabler retrieval over alternative
retrieval), might help to explain some of the puzzling findings in the present study.

However, we acknowledge that our findings should be interpreted with some caution.
Experiment 2 is just the first experiment where the effect of alternative and disabler retrieval
on inference latencies was examined. Establishing the specific relation between the retrieval
processes and eliminating possible alternative suggestions will demand more detailed
research. Nevertheless, the obtained results legitimate the further development of the
framework. The present study thus established the semantic memory framework as a viable
starting point for unraveling the complicated relationship between inference processes and

memory retrieval processes.
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Table Al

Appendix

Mean Number and Mean Plausibility (P) of Generated Alternatives (Alt) and Disablers (Dis)
for the 16 Conditionals Adopted for the Inference Study

Conditional Mean Mean 50% alternatives Mean Mean 50% disablers
Alt P Dis P
Many alternatives, many
disablers
1. If fertilizer is put on plants, 3.7  6.84 Well watered (75%) 45 6.52 No water (75%)
then they grow quickly Lots of sunlight (70%) Plants dying (65%)
Fertile soil (55%) No sunlight (55%)
Naturally fast growers Too much/little
(50%) applied (55%)
Wrong type (55%)
2. If the brake is depressed, 41 6.02 Uphill (70%) 35 621 Brake broken (85%)
then the car slows down Foot off accelerator (60%)
Out of gas (55%)
Collision (55%)
3. If john studies hard, thenhe 4.4  5.47 Cribbing (90%) 49 626 Testtoo hard (75%)
does well on the test Easy test (70%) Not concentrated
Lucky (60%) (60%)
Low IQ (50%)
4. If Jenny turns on the air 46 6.16 Took off clothes (75%) 42 570 Airco broken (95%)
conditioner, then she feels Open window (60%) Fever (50%)
cool
Many alternatives, few
disablers
5. If Bart’s food goes down 3.6 6.92 Catcha cold (100%) 2.1  5.07 Choked not hard
the wrong way, then he has to Attract attention (80%) enough (80%)
cough
6. If Marry jumps into the 44 646 Rains (100%) 2.5 493 Pool empty (100%)
swimming pool, then she gets Shower (60%) Wearing dry-suit
wet (95%)
7. If the apples are ripe, then 3.4 6.16  Storm (95%) 2.1 523 Picked (65%)
they fall from the tree Tree shaken by agent
(55%)
Dropped by picker (55%)
8. If water is poured on the 4 6.57 Died out (95%) 2.5 596 Too little water (30%)
campfire, then the fire goes Smothered with Very large fire (65%)
out blanket/sand (80%)
Rain (60%)
Wind blew out (55%)
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Table Al( continued)
Conditional Mean Mean 50% alternatives Mean Mean 50% disablers
Alt P Dis P
Few alternatives, many
disablers
9. If the trigger is pulled, then 1.7  4.24  Faulty design (55%) 3 6.40 No bullets (100%)
the gun fires Gun broken (75%)
10. If the correct switch is 1.9  5.68 Faulty wiring (50%) 3.9 721 No power (100%)
flipped, then the porch light Missing or broken
goes on bulb (95%)
Switch broken (75%)
11. If the ignition key is 1.8 5.28 Hot wired (75%) 42  6.19 Engine/car broken
turned, then the car starts (75%)
Wrong key (50%)
No fuel (50%)
12. If the match is struck, then 1.8  5.85 Lit with other fire (100%) 4 5.83 Match wet (80%)
it lights Not struck hard
enough (75%)
Worn matchbox pad
(60%)
Used match (50%)

Few alternatives, few
disablers

13. If Joe cuts his finger, then 3.1  5.52 Scraped/scratched (60%) 2.7 5.76  Cut not deep enough
it bleeds Removed scab (50%) (100%)
Knife blunt (65%)
Cut in nail/callous
(65%)

14. If Larry grasps the glass 1.6 397 [Still on from earlier grasp 1.9  4.67 Hands not greasy
with his bare hands, then his (35%)]* (50%)

fingerprints are on it

15. If the gong is struck, then 2.3 4.51  Gong felt/bumped (55%) 2.7 453 Struck too lightly

it sounds (70%)
Padded/gripped (70%)
Struck with light
material (55%)

16. If water is heated to 1.1 5.5  [Still warm from earlier 2 5.49 No pure water (75%)

100°C, then it boils heating (20%)]*

Note. The relative frequency of generation for conditions that were mentioned by at least 50% of participants is
presented in order of frequency. The plausibility rating scale ranged from 0 (very implausible) to 10 (very plausible).
* Most frequently generated alternative.
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Table A2

Characteristics of the Additional Conditionals Not Selected in Experiment 1

Conditional Mean Mean 50% alternatives - Mean Mean 50% disablers
At P Dis P
1. If Alvin reads withouthis 4.5  6.29 Bonked head (75%) 3.5 636 Took aspirin (85%)
glasses, then he gets a Fever (65%) ‘Wore contacts (70%)
headache Hangover (55%) Didn’t read long (70%)
Large print book (50%)
2. If the doorbell is pushed, 1.8 437 Malfunction (65%) 3.15 6.14 Bell broken (90%)
then it will ring Not pushed hard enough
(75%)
No power (60%)
3. If Jan consumes alcohol, 2 4.67 [Spinning around (40%)}* 3.15 7 Consumes only a little
then he gets drunk (85%)
Ate a lot (75%)
Low percent alcohol
(50%)
4 If Steve goes in for sports, 4 6.46 Ate less (75%) 32 6.58 Low intensity/frequency
then he loses weight Sick (75%) (100%)
Stress (70%) Bad diet (90%)
Ate healthy food (65%) Playing chess/pool
(65%)

Note. * Most frequently generated alternative.
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Notes on the manuscript

NOTE

In Experiment 3 we found no correlation between disabler retrieval capacity and
AC/DA acceptance. We therefore suggested, contrary to Janveau-Brennan and Markovits
(1999), that retrieval capacity for alternatives and disablers is not related. However, this
suggestion was discarded in a subsequent study. We gave forty participants both a disabler
and alternative generation task (presentation order was counterbalanced). Results clearly
showed that the number of generated disablers was associated with the number of generated
alternatives, rs = .55, t(38) = 4.06, p <.001. The test thus directly established that the retrieval
capacity for alternatives and disablers is related: The better one is at retrieving disablers, the
better one will be at retrieving alternatives. This supports Janveau-Brennan and Markovits’
claim for a general retrieval capacity. Presumably we did not detect an indirect correlation
between AC/DA acceptance and disabler retrieval capacity because the disabler retrieval

assessment was not sensitive enough.

68



CHAPTER 4

Every counterexample counts?!

In this study we further examined the characteristics of the counterexample search process
during everyday conditional reasoning. Experiment 1 manipulated the number (zero to four)
of explicitly presented counterexamples (alternative causes or disabling conditions) for causal
conditionals. In Experiment 2, a generation pretest measured the number of
counterexamples participants could retrieve for a set of causal conditionals. One month after
the pretest, participants were presented a reasoning task with the same conditionals. The
experiments indicated that acceptance of Modus Ponens linearly decreased with every
additionally retrieved disabler, while Affirmation of the Consequent acceptance linearly
decreased in function of the number of retrieved alternatives. Results for Denial of the
Antecedent and Modus Tollens were less clear. The findings show that the search process
does not necessarily stop after retrieval of a single counterexample and that every additional
counterexample has an impact on the inference acceptance.

Based on: De Neys, W., Schaeken, W., & d'Ydewalle, G. (in press-b). Inference suppression and
semantic memory retrieval: Every counterexample counts. Memory & Cognition.
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INTRODUCTION

Suppose that you are given the following information: ‘If the ignition key is turned,

then the car starts. The car starts.’” When you are asked what you should infer from this
information, you might conclude that ‘the ignition key was turned’. However, when you
would be reminded of the fact that the car might be hot wired or started with a push button,
you would be less prepared to conclude that the ignition key was turned.
Likewise, when you are told ‘If the ignition key is turned, then the car starts. The ignition key
is turned’. You might conclude that ‘the car will start’. However, when you would be told that
the car might have a dead battery or be out of fuel, you would be rather reluctant to infer ‘the
car will start’.

Cognitive scientists have spent a great deal of research to establish how people reason
with these “if, then’ sentences. The research has typically focused on peoples performance on
four kinds of conditional arguments: The above illustrated Modus Ponens (MP, e.g., ‘If p then
q, p therefore q) and Affirmation of the Consequent (AC, e.g., ‘If p then q, q therefore p’)
inferences, Modus Tollens (MT, e.g., ‘If p then g, not q, therefore not p’), and Denial of the
Antecedent (DA, e.g., ‘If p then g, not p, therefore not q). The first (p) part of the conditional
is called the antecedent and the second (q) part is called the consequent.

As the introductory examples make clear, additional knowledge about the conditional
relation affects the inferences people are willing to draw. This impact of background
knowledge on the reasoning process has long been acknowledged (e.g., Matalon, 1962;
Staudenmayer, 1975). In the last few years it has even become one of the main foci of interest
in the conditional reasoning literature. Especially the role of the availability of alternative
causes and disabling conditions has attracted a lot of attention.

An alternative cause (alternative) is a condition, besides the original antecedent, that
can bring about the consequent (e.g., hot wiring the car in the introductory example). A
disabling condition (disabler) is a condition that prevents the antecedent from bringing about
the consequent (e.g., having a dead battery in the introductory example). Further on, we adopt
Byrne’s (1989) terminology and refer to alternatives and disablers as counterexamples.

In a pioneering study, Rumain, Connell, and Braine (1983) showed that when a

possible alternative was explicitly presented to participants the AC and DA inferences were

70



Every counterexample counts?!

less endorsed. Byrne (1989) found a similar effect on MP and MT when a possible disabler
was mentioned. These findings have come to be known as the suppression effect’.

Further studies established that the suppression effect arises even without explicit
presentation of counterexamples (€.g., Cummins, 1995; Cummins, Lubart, Alksnis, & Rist,
1991; Markovits, 1986; Thompson, 1994, 1995). Cummins and colleagues examined the role
of counterexample retrieval by looking at the effect of the number of possible alternatives and
disablers of a conditional. In a pretest they identified conditionals for which participants
generated many or few possible alternatives and disablers. These conditionals were then
adopted for a reasoning task with a second group of participants.

Cummins’ (1995; Cummins et al., 1991) showed that people’s acceptance of DA and
AC inferences decreased for conditionals with many alternatives. In addition, the number of
disablers affected the acceptance of the MP and MT inferences: If there were many conditions
that could disable the relation between antecedent and consequent, people tended also to
reject these valid inferences. Since alternatives and disablers were not explicitly presented this
showed that the number of alternatives and disablers people can think of is a crucial factor in
conditional reasoning. The findings implied that during a conditional reasoning task, people
search their memory for stored counterexamples.

It is widely acknowledged that a theory of conditional reasoning cannot be complete
without a full understanding of the counterexample retrieval process (e.g., Johnson-Laird &
Byme, 1994; Thompson, 1994). The vast amount of research in connection with the
suppression effect has already resulted in a number of accounts (e.g., Byrne, Espino, &
Santamaria, 1999; Oaksford & Chater, 1998; Politzer, in press; Thompson, 2000). These
accounts try to explain how the retrieved information affects the reasoning process. However,
the crucial question of how the information is retrieved has not yet been dealt with. The
characteristics of the search process itself remain largely unknown (Johnson-Laird & Byrne,
1994; Oaksford & Chater, 2001). The present study focuses on this issue.

The recent work of Markovits and collaborators did start paying attention to a
characterization of the search mechanism. This mechanism constitutes the core of the general
model of conditional reasoning these researchers developed (see Janveau-Bremnan &
Markovits, 1999; Markovits, 2000; Markovits, Fleury, Quinn, & Venet, 1998; Markovits &
Quinn, 2002; Quinn & Markovits, 1998).

! In line with previous research we will use the term ‘suppression effect’ to refer to the effect of disabler and
alternative retrieval on inference acceptance. However, see Dieussaert, Schaeken, Schroyens, and d’Ydewalle,
2000, for a critique of the label ‘suppression’.
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The model assumes that while making conditional inferences, reasoners will
automatically access structures with relevant information in semantic memory (Markovits et
al,, 1998). Such a structure contains semantically or propositionally related elements. In
conditional reasoning, the structures would consist of possible alternatives and disablers.
According to many influential models of long-term memory (¢.g., Anderson, 1983; Gillund &
Shiffrin, 1984), the probability of retrieving at least one element from such a semantic
memory structure will depend on the number of elements within the structure. Thus, the
probability of retrieving at least one element from the structure storing alternatives will be
higher for conditionals with many possible alternatives. Likewise, the probability of retrieving
a disabler will be higher for conditionals with many possible disablers (Markovits et al., 1998;
Markovits & Quinn, 2002; Vadeboncoeur & Markovits, 1999).

Markovits (2000; Markovits et al., 1998) states that the outcome of the semantic
search process will determine the kind of mental models (Johnson-Laird, 1983) a reasoner
builds. It is assumed that when reasoners are confronted with a conditional, they will
construct an initial internal model of the information the conditional contains. The initial
model represents the fact that occurrence of the antecedent is linked with the occurrence of
the consequent (e.g., ignition --- start, for ‘If the ignition key is turned, then the car starts’).
The initial model can be extended with additional models depending on the outcome of the
memory search.

Successful retrieval of an alternative would lead to the construction of an extra model
that represents the fact that the consequent can occur without occurrence of the antecedent
(e.g., not ignition --- start). With this model the AC and DA inferences will be suppressed
(Markovits, 2000; Quinn & Markovits, 1998). Retrieval of a disabler would result in the
construction of an additional model that makes it clear that it is possible that occurrence of the
antecedent is not associated with the occurrence of the consequent (e.g., ignition --- not start).
This model no longer supports the MP and MT inferences (Markovits, 2000; Vadeboncoeur &
Markovits, 1999). It is important to note that these models either license an inference or not
(e.g., Johnson-Laird & Byme, 1991). There are no intermediate or graded states of inference
acceptance. Whenever a reasoner constructs the additional counterexample models, the
inferences are completely rejected.

- In Markovits’ specification of the memory search process, the number of stored
counterexamples is important because it determines the probability that at least one can be
retrieved. This specification does not address the impact of additional counterexample

retrieval. Indeed, in its present formulation the impact of counterexample retrieval on the
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inference acceptance is an all-or-nothing phenomenon. Retrieval of a counterexample results
in additional model construction leading to the rejection of the otherwise accepted inferences.
When there is no counterexample retrieved, the inferences would be accepted. Since an
inference is already completely rejected when a single counterexample is retrieved, retrieving
extra counterexamples can have no additional impact on the inference acceptance.
Consequently, the search process is assumed to stop after the successful retrieval of a single
counterexample.

The present study focuses on an alternative specification of the semantic search
process during conditional reasoning. We will test the assumption that the search process does
not terminate after the retrieval of a single counterexample and that every retrieved
counterexample has an additional impact on the reasoning process. Here, the number of stored
counterexamples will be important because it determines the number of counterexamples that
can be retrieved and this number would determine the degree to which inferences will be
accepted.

The alternative specification gains some credence from related studies. In the field of
“uncertain’ or probabilistic reasoning the work of Liu, Lo, and Wu (1996) is especially
relevant. Participants received three different conditionals that were previously rated as
having a high (e.g., If John lives in Canada, then he lives in the Northern Hemisphere),
medium (e.g., If Mary moves, then she adds some furniture) or low (e.g., ‘If Stan wears
glasses, then he is intelligent’) sufficient antecedent. Liu et al. observed that MP and MT
acceptance gradually decreased with decreasing sufficiency. With this realistic, thematic
material, conditionals with lower sufficiency levels will presumably have a higher number of
possible disablers. While inconclusive, one might thus suggest that the lower acceptance is
the result of additional disabler retrieval: The more disablers are retrieved, the less MP and
MT are accepted.

Likewise, De Neys, Schaeken, and d’Ydewalle (2002) compared inference latencies
for conditionals with few and many alternatives or disablers. AC inferences took more time
when many alternatives were available, while MP latencies increased when many disablers
were available. De Neys et al. argued that the increased latencies would reflect a time
consuming additional counterexample retrieval process. However, the additional retrieval
hypothesis was not specifically tested.

The present study will provide a more direct test of the characteristics of the
counterexample search process by looking explicitly at the effect of the exact number of

retrieved alternatives and disablers. This will allow a substantial and unambiguous claim.
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Experiment 1 examined the effect of additional counterexample retrieval on
conditional inference acceptance by explicitly providing possible counterexamples. As in
traditional suppression studies (Byrne, 1989; Byme et al., 1999; Rumain et al., 1983) we
simulated the effect of successful counterexample retrieval by explicitly presenting the
counterexamples to participants. The crucial manipulation was that we varied the number of
presented counterexamples. Each participant received five different conditionals with the
number of presented counterexamples ranging from zero to four. The proposed alternative
specification of the search process predicts that there will be an additional suppression effect
with every presented counterexample. In Markovits’ view, a single counterexample should
result in complete inference rejection. Therefore, one should see no additional effects of
presenting more than one counterexample.

In Experiment 2 we tested the effect of additional counterexample retrieval without
using an explicit presentation. A set of causal conditionals that varied in the number of
possible disablers and alternatives (see Cummins, 1995; De Neys et al., 2002) was adopted. In
a pretest we first assessed the number of alternatives or disablers a participant could retrieve
for every conditional in the set. One month after the pretest, the same participants were re-
invited for a reasoning task with the conditionals from the pretest. We looked at participants’
acceptance ratings of the MP, AC, DA, and MT inferences for each conditional in function of
the number of counterexamples they had been able to retrieve for that specific conditional. By
observing whether or not there are graded effects on the inference acceptance in function of
the number of stored counterexamples, the findings of Experiment 1 could be further
extended and validated.

It should be specified that the present study focuses on the counterexample search
process during everyday reasoning. We adopt realistic, causal conditionals and do not instruct
participants to reason logically. By adopting an inference acceptance rating scale, people are
also allowed to give a graded acceptance rating (e.g., see Evans, 2002). With Cummins
(1995) one can assume this encourages participants to reasons as they would in everyday
situations. Recently, Markovits (2002; Quinn & Markovits, 2002) has specified that his model
primarily describes the retrieval process in a formal, deductive reasoning task. There is some
debate about whether the same processes account for daily life and more formal reasoning
(Evans, 2002; Johnson-Laird & Byme, 1991; Markovits, 2002; Oaksford, Chater, & Larkin,
2000). It should be noted then that, as far as this distinction is maintained, the findings of the
present study should not be conceived as a mere critique of Markovits’ counterexample

search characterization, but rather as an attempt to extend it to reasoning in everyday life.
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EXPERIMENT 1

Experiment 1 establishes whether or not presenting more than one counterexample has
an additional effect on the inference acceptance. Traditional suppression studies have only
examined the impact of a single presented counterexample. In the proposed alternative
specification of the search process every additional counterexample should have an impact on
the inference suppression.

Participants in Experiment 1 received five different causal conditionals with the
number of presented counterexamples ranging from zero to four. We presented half of the
participants disablers and the other half alternatives.

Three consecutive issues are addressed: In order to examine the additional
counterexample effect, we have to make sure that there is an effect of presenting one
counterexample first. Therefore, we will start by establishing whether we can replicate Byrne
‘s (1989) standard findings with the present material and procedure. That is, presentation of a
disabler should decrease MP and MT acceptance ratings, while an alternative should decrease
AC and DA acceptance ratings. Then, we address the crucial issue whether increasing the
number of presented counterexamples has an additional effect on the acceptance ratings.
Finally, if we find an effect of additional counterexample retrieval, the precise trend in the

data will be examined.

Method

Participants
A total of 178 first-year students of the Educational Sciences Department of the
University of Leuven, voluntarily participated in the experiment. None of them had received a

formal logic training and they were all native Dutch speakers.

Material

The material was selected from previous pilot work (see De Neys et al., 2002) where
40 participants wrote down as many alternatives or disablers for a set of 20 conditionals (with
1.5 min generation time for each conditional). Two independent raters scored the generation

protocols in order to eliminate unrealistic items and items that were variations of a single idea.
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The conditionals, item format, instruction and scoring procedure for the pilot were based on
Cummins (1995). For every conditional the mean number of generated counterexamples and
the relative frequency of generation of every counterexample was recorded. For the present
experiment, we selected five conditionals with many (above the group mean) possible
disablers, and five conditionals with many (above the group mean) possible alternatives.

The five conditionals with many disablers were used for the disabler presentation
manipulation (disablers group), while the other five were adopted for the alternatives
presentation manipulation (alternatives group). For every conditional we constructed five
different counterexample versions by varying the number of presented counterexamples from
zero to four. The counterexamples were taken from the pilot study (see below).

Each participant received a 6-page booklet. Page one included the task instructions.
On top of each of the next five pages appeared the selected conditionals in bold. One of them
was presented without possible counterexample while for the others the versions with one,
two, three and four counterexamples were presented. Thus, each participant received five
different conditionals with the number of presented counterexamples ranging from zero to
four. In every booklet, we varied which conditional was used in which counterexample
version. We made sure that each of the five counterexample versions of the different
conditionals was used equally often (i.e.,, in approximately 1/5 of the booklets ). The
conditional without counterexample was always presented first, while the remaining
conditionals appeared in random order.

The counterexamples were printed bellow the conditional. Each page also contained
three inference problems. The conditionals for the disablers presentation group were
embedded in the MP, MT, and AC problems. In the alternatives presentation group we
presented AC, DA and MP problems. The inferences always appeared in the same fixed order
(MP, MT, AC and AC, DA, MP). Below each inference problem was an 11-point rating scale.

This resulted in the following item format:

Rule: If fertilizer is put on the plants, then they grow quickly

but: if the plants get enough water, they will also grow quickly
if the plants get a lot of sunlight, they will also grow quickly
if the plants are planted in fertile soil, they will also grow quickly

Fact: The plants grow quickly
Conclusion: Fertilizer was put on the plants
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SN S R T PP, SN, pUSE—, S—— T
Very Some I Some Very
Sure what 1 what Sure

. I - -
That I CANNOT draw 1 That I CAN draw
this conclusion this conclusion

The example shows a conditional from the alternatives group with three presented
counterexamples imbedded in an AC inference. Except for the fact that possible disablers
would be presented (e.g., ‘If the plants are dying, they will not grow quickly’), the item
format for the conditionals in the disablers group was completely similar.

It is important to stress that in the construction and selection of the material, special
care was taken to make the explicit presentation of the counterexamples as similar as possible
to the actual retrieval. A first issue concerns the selection of the counterexamples. One should
note that we did not artificially construct the presented counterexamples, but adopted the
material that was generated by the pilot group. This guarantees that the presented
counterexamples correspond to real stored background knowledge.

Furthermore, the order in which the counterexamples for a specific conditional were
presented corresponded to their frequency of generation (i.e., the percentage of participants in
the pilot that generated that specific counterexample). With this manipulation we tried to
make sure that the order of presentation reflected the order in which the counterexamples
would be actually retrieved. Frequency of generation is often used as an index of associative
strength. This factor has been shown to affect counterexample retrieval (see De Neys,
Schaeken, & d’Ydewalle, in press-a; Quinn & Markovits, 1998). Furthermore, it is commonly
assumed that the order in which items are retrieved from memory depends on their associative
strength (e.g., Kahana & Loftus, 1999). Therefore, the most frequently generated
counterexample (highest associative strength) was presented first, the second most frequently
generated one was presented as the second counterexample, and so on. In general, this should
guarantee that the presentation order corresponds to the retrieval order.

Finally, the counterexamples were presented as conditionals. This is important because
a retrieved counterexample expresses a possible state of affairs and not a factual state of
affairs. When we retrieve a counterexample we do not know whether the state of affairs it
describes is effectively the case. For example, if you think of ‘getting enough water’ as an

alternative for plants growing quickly, you do not know whether or not it is actually the case
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that the plants got enough water, you only know that the possibility exists that they did so.
Therefore, it is important to present the'counterexarnples in a conditional (e.g., ‘If the plants
get enough water, they will grow quickly’) and not in a categorical (e.g., “The plants got
enough water’) manner. Not taken into account these issues may limit the contribution of an
explicit counterexample manipulation to the examination of the retrieval process. The

different conditionals with counterexamples are presented in the appendix.

Procedure

The experiment was conducted during a regular course. The booklets were randomly
given out to students who agreed to participate in the experiment. The instruction page
explained the specific item format of the task. Participants were instructed the task was to
indicate how certain they were that the presented conclusions could be drawn given the
presented fact and rule. The instructions also stated that sometimes there would be presented
additional information that might be used for the judgment. The instruction page further
showed an example problem with a copy of the rating scale. In the alternatives presentation
group, the example was a DA inference with one presented alternative. In the disablers
presentation group the example was an MT inference with one presented disabler.

Participants were instructed to place a mark on one of the numbers of the scale that
best reflected their decision. Care was taken to make sure the participants understood the
precise nature of the rating scale: Placing a mark on the left side of the scale indicated they
believed the conclusion could not be drawn, placing a mark on the right side of the scale
indicated they believed the conclusion could be drawn. Marking the zero indicated they could
not tell one way or the other.

_ The participants were not explicitly told to accept the premises as always true and to
endorse only conclusions that follow necessarily. Instead, participants were told to evaluate
the conclusion by the criteria they personally judged to be relevant. This should encourage

participants to reasons as they would in everyday situations (Cummins, 1995).

Results

The data from four participants were discarded because they did not solve all the
inferences. Of the remaining 174 participants, 88 had received booklets from the alternatives
presentation group, while 86 participants had received booklets from the other group where

the number of presented disablers was manipulated.
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The acceptance ratings corresponding to the numbers 5 to 1 on the left hand of the 11-
point rating scale were recoded and assigned the values —5 to —1 such that increasing numbers
corresponded to increased acceptance.

The data in both counterexample groups were analyzed separately. This led to a 3
(inference type, within-subjects) x 5 (number of counterexamples, within-subjects) design in
each group.

For every inference type in both counterexample presentation groups we performed
separate  MANOVA’s on the acceptance ratings with the number of presented
counterexamples as within-subjects factor. In the analyses three consecutive issues are
addressed. First, we test whether there is an overall effect of the number of counterexamples
factor. Then we examine the crucial issue whether presenting more then one counterexample
has an additional effect on the acceptance ratings. Third, the precise trend of an eventual
additional retrieval effect is analyzed.

We always analyzed the data by participants as well as by materials. However, for
each inference there were only five different conditionals. Therefore, we combined the
materials analysis for MP and MT (in the disabler presentation group) and DA and AC (in the
alternative presentation group). This increased the 7 to 10 (see Stevenson & Over, 1995, for a

similar approach).
Effect of number of alternatives

The mean acceptance ratings for the three inferences in function of the presented
number of alternatives are shown in Figure 1.

As expected, presentation of alternatives had a significant effect on AC [Rao R(4, 84)
= 10.66, p<.0001] and DA acceptance [Rao R(4,84) = 9.93, p<.0001]. Newman-Keuls tests
showed that for every number of presented alternatives, AC and DA acceptance was lower
than when no alternative was presented. These findings were confirmed by the combined
materials analysis on AC and DA [Rao R(4,6) = 60.96, p<.0001]. Both subjects and materials
analyses indicated that the alternatives had no significant impact on MP. Although, there were
only five conditionals for the materials analysis on MP, it was clear that there were no

meaningful trends in the data. These results replicate previous suppression findings.
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Acceptance rating

no one two three four
Number of alternatives

Figure 1. Inference acceptance in function of the number of presented alternatives. The rating scale ranged from
-5 (very sure I cannot draw this conclusion) to +5 (very sure I can draw this conclusion). Vertical lines depict
standard errors of the means.

In order to establish the crucial question whether presenting more than one alternative
has an additional effect on DA and AC acceptance, we examined whether there was still an
effect of number of alternatives when only the levels with one, two, three and four
alternatives were compared. For AC this was indeed the case [Rao R(3,85) = 7.01, p<.0003].
Trend analysis showed that there was a significant negative linear trend [F(1,87) = 20.84,
MSe = 83.35, p<.0001] while higher order trends were not significant. This implies that every
additional alternative further decreased AC acceptance. However, there was no clear effect of
additional alternatives on DA [Rao R(3,85) = 1.86, p<.15].

The materials analysis established that there was a marginal effect of additional
alternatives on the combined DA and AC acceptance [Rao R(3,7)=3.37, p<.09] and that this
effect had a linear nature [F(1,9) = 8.26, MSe = .57, p<.02]. These effects are depicted in
Figure 1.

Effect of number of disablers
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Figure 2 shows the mean acceptance ratings for the three inferences in function of the

presented number of disablers.
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Figure 2. Inference acceptance in function of the number of presented disablers. The rating scale ranged from -5
(very sure I cannot draw this conclusion) to +5 (very sure I can draw this conclusion). Vertical lines depict
standard errors of the means.

Both on MP [Rao R(4,82) = 10.23, p<.0001] and MT [Rao R(4,82) = 6.61, p<.0001]
we obtained the expected effect of disabler presentation [combined material analysis, Rao
R(4,6) = 13.44, p<.005]. Newman-Keuls test made it clear that for every number of presented
disablers MP acceptance was lower than when no disabler was presented. Except for the
difference between no and one presented disabler this was also the case for acceptance of MT.

Presentation of disablers also affected AC [Rao R(4,82) = 4.67, p<.002]. Contrary to
the effect on MP and MT, presentation of disablers led to a higher AC acceptance. For the
material analysis on AC, only five conditionals were available. Although the effect did not
reach significance, a similar trend as in the subjects analysis was present. Both on the subjects
and material, Newman-Keuls tests showed that for any number of presented disablers AC

acceptance was higher than when no disablers were present.
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The crucial manipulation of presenting more than one counterexample had a
significant effect on MP [Rao R(3,83) = 6.77, p<.0005] and MT [Rao R(3,83) = 5.56, p<.002]
acceptance. Trend analysis showed that both for MP [F(1,85) = 20.46, MSe = 3.42, p<.0001]
and MT [F(1,85) = 16.02, MSe = 3.58, p<.0002] there was a significant negative linear trend
in the acceptance data, while higher order trends were not significant. Thus, every disabler
that is retrieved in addition to the first one will result in a further decrease of MP and MT
acceptance ratings. These findings were confirmed by the combined materials analysis [Rao
R(4,6) = 13.44, p<.004, significant linear trend: F(1,9) = 10.18, MSe = .68, p<.015, no higher
order trends].

Both the subjects and materials analysis clearly established that presenting more than
one disabler had no further effect on AC acceptance. Thus, while disabler presentation did
lead to a higher AC acceptance, the number of additionally presented disablers had no further

impact.

Discussion

By showing that explicit presentation of an alternative decreased AC and DA
acceptance, while presentation of disablers resulted in lower MP and MT acceptance we
replicated previous suppression findings (e.g. Bymne, 1989; Byme et al., 1999; Rumain et al.,
1983).

The traditional observations were extended by the finding that suppression is affected
by the number of presented alternatives and disablers. MP and MT acceptance linearly
decreased with every additionally presented disabler while AC acceptance ratings showed a
similar linear decrease for every additionally presented alternative. The effect of additional
alternatives on DA was less clear. We will come back to this issue later on.

Presentation of a disabler also resulted in higher AC acceptance. A similar effect of
disablers on AC (and DA) acceptance has already been reported (e.g., De Neys et al., 2002;
Liu et al., 1996; Markovits & Potvin, 2001). De Neys et al. argued that retrieval of disablers
would have priority over alternative retrieval. Due to the resource-limited nature of the
 memory retrieval process, retrieval of disablers would thereby hinder subsequent alternative
retrieval. Thus, by affecting the efficiency of the alternative search process, disabler retrieval
can result in higher AC and DA acceptance. Because of the priority of the disabler search,
retrieval of alternatives would not bias the disabler search. A similar mechanism could

account for the present AC observation.
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The results of Experiment 1 support the alternative specification of the
counterexample search process. As predicted, inference acceptance decreased with every
additionally available counterexample. This implies that inference suppression is not an all or
nothing phenomenon but depends on the number of available counterexamples.

However, while the results establish an important characteristic of the suppression
effect, the implications for establishing the characteristics of the counterexample retrieval
process can be debated. Although special care was taken to make the counterexample
presentation as similar as possible to the actual retrieval, one can always argue that adopting
an additional counterexample when it is presented is not the same thing as searching it
yourself. The present results do show that people will use additional counterexamples when
they are available. Nevertheless, the findings do not necessarily imply that people will search
for additional counterexamples themselves. Thus, in order to specify the crucial search
characteristic of the retrieval process we need an additional test without explicit

counterexample presentation.

EXPERIMENT 2

In Experiment 1 the inference suppression linearly increased with every presented
counterexample. Because of the explicit presentation procedure, this does not yet show that
the actual search process retrieves additional counterexamples. However, it does imply that if
people would indeed search and retrieve additional counterexamples themselves, we should
see a similar linear decreasing acceptance pattern. In Experiment 2 we will look at
participants’ inference acceptance in function of the number of counterexamples they can
retrieve for a conditional. By checking whether the same graded trends are observed, the
findings of Experiment 1 can be validated.

We adopted a set of causal conditionals that varied in the number of possible disablers
and alternatives (see Cummins, 1995; De Neys et al., 2002). In a pretest we first assessed the
number of alternatives or disablers a participant could retrieve for every conditional in the set.
One month after the pretest, the same participants were re-invited for a reasoning task with
the conditionals from the pretest. We looked at participants’ acceptance ratings of the MP,
AC, DA, and MT inferences for each conditional in function of the number of
counterexamples they had been able to retrieve for that specific conditional.

Markovits® specification of the search process predicts that up to a certain number of

available counterexamples inferences will tend to be accepted. After successful retrieval the
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inferences will be rejected and additionally available counterexamples will not affect
inference acceptance any further. Based on this specification we expect a stepwise trend in the
acceptance ratings in function of the number of counterexamples one has stored. The
alternative specification we propose should result in gradually decreasing acceptance ratings
with every additionally available counterexample.

It is crucial to stress the within-subjects nature of the analyses in the present study.
The number of stored counterexamples is of course directly associated with the probability of
retrieving a single counterexample. Thus, if we would compare different groups of
participants (e.g., groups that retrieved one, two, three, or more counterexamples for a specific
conditional) a graded effect could not be attributed to additional disabler retrieval. Indeed, it
could simply be claimed that there will be a larger number of participants that retrieve a single
counterexample in the successive groups. Therefore, we always compare the inference
acceptance of the same participants for conditionals for which they retrieved a different
number of disablers or alternatives.

Likewise, the experiment’s crucial contribution lies in the examination of the nature of
the acceptance rating trends. Previous studies (e.g., Thompson, 1995, 2000) already found a
correlation between a conditional’s number of possible counterexamples and the degree of
inference acceptance. However, a mere correlation does not allow us to address the present
additional retrieval issue since it is consistent with different trends. Therefore, the analyses

will focus on the actual pattern in the acceptance ratings.

Pretest

A set of 20 conditionals (based on Cummins, 1995) that varied in the number of
possible alternatives and disablers was adopted for the pretest. Participants were asked to
write down as many alternatives or disablers as possible for each conditional (with 1.5 min
generation time for each conditional).

Two independent raters scored the generation protocols in order to eliminate
unrealistic items and items that were variations of a single idea. Item format, instructions, and
scoring procedure were similar to Cummins (1995). For each participant we recorded the

number of alternatives or disablers she/he retrieved for every conditional’.

2 Precise material, procedure and results of the pretest were previously reported in De Neys et al. (2002,
Experiment 1). The material for Experiment 1 was also taken from the same study.
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Method

Participants , ,
Forty first-year psychology students participated in the experiment. None of them had
received a formal logic training and they were all native Dutch speakers. Twenty participants

generated alternatives in the pretest, while the other half generated disablers.

Material
Sixteen conditionals from the pretest were selected for the reasoning task. The
conditionals constituted a 2 (few/many) x 2 (alternatives/disablers) design with four items per
cell (see De Neys et al., 2002). The 16 conditionals were embedded in the four (MP, DA, MT,
and DA) inference types, producing a total of 64 inferences for each participant to evaluate.
The experiment was run on computer. Each argument was presented on screen
together with a 7-point rating scale and accompanying statements. This resulted in the

following format:

Rule: If Jenny turns on the air conditioner, then she feels cool
Fact: Jenny turns on the air conditioner

Conclusion: Jenny feels cool
Given this rule and this fact, give your evaluation of the conclusion:

I

SN PR G [ S e 6o B e
Very Sure Somewhat I Somewhat Sure Very
Sure Sure 1 Sure Sure

I
That I CANNOT draw 1 That I CAN draw
this conclusion this conclusion

Type down the number that best reflects your decision about the conclusion:_

Each of the 64 arguments was presented in this way. The premises, conclusion, and typed
number were always presented in yellow. The remaining text appeared in white on a black

background.
Procedure

Participants were run in groups of two to eight. Approximately one month (28 to 35

days) after the pretest, participants were invited for the reasoning task. Instructions for the
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reasoning task were presented verbally and on screen. They showed an example item that
explained the specific task format. Participants were told that the task was to decide whether
or not they could accept the conclusions. Care was taken to make sure participants understood
the precise nature of the rating scale.

Participants used the keypad to type down the number reflecting their decision. The 64
items were presented in random order. The experimental session was preceded by one
practice trial. As in Experiment 1, participants cox;ld evaluate the conclusions by the criteria

they personally judged relevant.

Results

Three participants could not be contacted for the reasoning task. This resulted in a
total of 19 participants in the disabler retrieval group and 18 participants in the alternative
retrieval group.

A first control analysis® established that the inferences were not affected by the
specific generation of alternatives or disablers one month earlier: There were no significant
differences in the inference performance of participants that were asked to produce disablers
and of those that were asked to produce alternatives.

For the main analysis we grouped all conditionals for which a participant could
retrieve no or one, two, three, and four or more counterexamples. Since the vast majority of
participants generated at least one counterexample for every conditional we combined the no
and one group. Likewise, since rarely more than four counterexamples were generated these
conditionals were combined with the four group. On average, participants generated no or
one, two, three, and four or more alternatives for 3.22 (SD = 1.9), 3.11 (SD = 1.75), 3.67 (SD
= 1.78), and 6 (SD = 2.81) conditionals, respectively. The average number of conditionals in
the successive number of disablers groups was 1.53 (SD = 1.07), 3.53 (8D = 1.35), 5.37 (SD
= 1.71), and 5.58 (SD = 1.8), respectively. For every participant we calculated the mean
inference acceptance for the different conditionals in every number of counterexamples
group. For every inference type, these means were subjected to a MANOVA with the number

of retrieved alternatives or disablers as a within-subject factor.

3 Since the number of possible alternatives and disablers of the conditionals in the reasoning task varied
systematically, the data could be analyzed as a 2 (few/many) x 2 (alternatives/disablers) x 4 (inference type)
within subjects design (see Cummins, 1995). The kind of generated counterexample (disablers or alternatives)
was entered as a between subject-factor in this design. An ANOVA showed that the kind of generated
counterexample factor, nor any of its interactions with the other factors reached significance.
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Missing observations (e.g., a participant had no conditionals for which two alternatives
were retrieved) were set to the overall mean. Both in the alternative and disabler retrieval

groups this affected less than 4% of the observations.
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Figure 3. Inference acceptance in function of the number of alternatives (3a) or disablers (3b) participants could
retrieve for a conditional. The rating scale ranged from 1 (very sure 1 cannot draw this conclusion) to 7 (very
sure I can draw this conclusion). Vertical lines depict standard errors of the means.

The MANOVA indicated that the number of available alternatives affected AC [Rao
R(3,15) = 18.15, p<.001] and DA [Rao R(3,15) = 16.08, p<.001] acceptance while the
disablers affected both MP [Rao R(3,16) = 3.08, p<.06] and MT [Rao R(3,16) = 3.88, p<.03].

As Figure 3a makes clear, the AC and DA ratings did not show a stepwise trend in
function of the number of retrieved alternatives. Trend analyses established that both for AC
[F(1,17) = 59.62, MSe = .43, p<.001] and DA [F(1,17) = 47.36, MSe = .62, p<.001] there was
a significant negative linear trend while higher order trends were not significant. Likewise,
acceptance of MP [F(1,18) = 7, MSe = .27, p<.02] and MT [F(1,18) = 6.26, MSe=, p<.03}
also linearly decreased with every retrieved disabler (see Figure 3b). Higher order trends were

not significant. These observations are in line with the findings of Experiment 1.
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We also examined the individual acceptance patterns for every participant. This was
necessary to eliminate further interpretation complications. It could for example be the case
that different participants have a very different retrieval threshold. That is, the number of
stored counterexamples that is sufficient for successful retrieval of a single counterexample
during the reasoning task may vary extremely between participants. If this would be the case
then it might be claimed that the graded inference acceptance effects are the result of
aggregating individual stepwise trends instead of the reflection of additional counterexample
retrieval. Thus, the individual patterns would all show a stepwise trend but the steps would be
located at different positions. In order to eliminate such a confound we looked at the

individual acceptance patterns.

Table 1

Percentage of Participants Whose Acceptance Rating Pattern Showed a Graded, Stepwise or
Other Trend in Function of the Number of Stored Alternatives (AC, DA) or Disablers (MP,
MT)

Inference type Classification

Graded Stepwise Other
Number of disablers
n=19)
MP 63% 0% 37%
MT 68% 11% 21%
Number of alternatives
(n=18)
AC 78% v 17% 5%
DA 56% 39% 5%

The individual acceptance patterns were classified in three groups. If a participant
gave three or four successive decreasing ratings, her/his acceptance pattern was classified as
‘graded’. If there was a clear single step in the pattern, it was classified as ‘stepwise’. A rather

liberal criterion was adopted: The step had to be larger in size than the differences between
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