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We present an integrated model for the understanding of and the reasoning from conditional
statements. Central assumptions from several approaches are integrated into a causal path
model. According to the model, the cognitive availability of exceptions to a conditional reduces
the subjective conditional probability of the consequent, given the antecedent. This conditional
probability determines people’s degree of belief in the conditional, which in turn affects their
willingness to accept logically valid inferences. In addition to this indirect pathway, the model
contains a direct pathway: Availability of exceptional situations directly reduces the endorse-
ment of valid inferences. We tested the integrated model with three experiments using condi-
tional statements embedded in pseudonaturalistic cover stories. An explicitly mentioned causal
link between antecedent and consequent was either present (causal conditionals) or absent
(arbitrary conditionals). The model was supported for the causal but not for the arbitrary
conditional statements.

In this paper we propose an integrated model of understanding of and reasoning from causal
and noncausal conditionals. We integrate central assumptions from approaches to conditional
reasoning with causal statements (Cummins, 1995; Thompson, 1994) with probabilistic
accounts of the meaning of if (Evans, Handley, & Over, 2003; Oberauer & Wilhelm, 2003) and
with two recent variants of the mental model theory of conditional reasoning (Markovits &
Barrouillet, 2002; Schroyens & Schaeken, 2003). The main goal of the present work was to
test this integrated model experimentally. A second goal was to explore the role of causal links
between antecedent and consequent in conditionals. Therefore, we compared the same

Correspondence should be addressed to Andrea Weidenfeld, Allgemeine Psychologie I, University of Potsdam,
PO Box 60 15 53, 14415 Potsdam, Germany. Email: aweiden@rz.uni-potsdam.de

This research was supported by Deutsche Forschungsgemeinschaft (DFG, Grant FOR 375 1-1). Mirko
Wendland and Anja Berger from the W-Lab (http://w-lab.de and www.lab-united.com) were indispensable for
technical support during the programming and the implementation of the Internet experiments.

We thank Henry Markovits, Artur Schneider, and Annekatrin Vogel for helpful comments and discussions on
previous versions of the manuscript. Parts of the results reported in this paper have been presented at the 25th
Annual Meeting of the Cognitive Science Society 2003, Boston, MA.



conditionals with forward causal links (i.e., “If cause then effect”), backward causal links (i.e.,
“If effect then cause”), and without causal link between antecedent and consequent.

The model

Causal conditionals are “if . . . then” statements that describe a causal relationship—for
example, “If you fertilize a flower, then it will bloom”. Natural causal conditionals differ in
the number and availability of disabling conditions that might prevent the effect from occur-
ing in the presence of the cause, and of alternative causes that can bring about the effect in
the absence of the cause. For instance, one can easily think of many possible disabling
conditions for “If you fertilize a flower, then it will bloom”, but only very few disabling
conditions come to mind for “If you cut your finger, then it will bleed”, because there is
almost nothing that prevents a finger from bleeding after it has been cut. In several experi-
ments using causal conditionals (Cummins, 1995; Cummins, Lubart, Alksnis, & Rist, 1991;
Quinn & Markovits, 1998; Thompson, 1994) it has been shown that the availability of
disabling conditions reduces people’s readiness to accept the logically valid inference forms
modus ponens (MP: “If p then q, p, therefore q”) and modus tollens (MT: “If p then q, 
not-q, therefore not-p”). Availability of alternative causes, on the other hand, has been
shown to reduce the inferences acceptance of the consequent (AC: “If p then q, q, therefore
p”) and denial of the antecedent (DA: “if p then q, not-p, therefore not-q”), which are not
valid according to standard propositional logic. Availability refers to the ease with which
many different situations can be brought to mind.

Previous experiments have used mainly conditionals with forward causality—that is, the
antecedent is the cause of the consequent. In order to generalize our model to backward
causal conditionals, in which the antecedent is the effect, and the consequent is the cause,
we introduce the concept of exceptional situations. Exceptional situations are conditions that
have the power to generate exceptions to the conditional rule—that is, cases in which the
antecedent is true but the consequent is false. For conditionals with forward causality, excep-
tional situations correspond to disabling conditions. For conditionals with a backward causal
link, the exceptional situations correspond to alternative causes.

In our framework we capture the association between the availability of exceptional situ-
ations and the acceptance or rejection of a conclusion by two causal pathways, one direct and
one indirect. The causal structure of the framework is depicted in Figure 1. In what follows,
we discuss the individual paths in the model in turn.

Exceptional situations → subjective probability P(q|p)

Availability of exceptional situations affects the subjective conditional probability of the
consequent, given the antecedent (henceforth shortly conditional probability). The conditional
probability, P(q|p), is a function of the probability of exceptional situations, and we assume
that people obtain an estimate of the probability of exceptional situations from their avail-
ability. A similar view seems to be endorsed by Thompson (1994) as well as Cummins (1995),
who suggested that disabling conditions exert their influence on MP and MT through
reducing the perceived sufficiency of p for q (see also Chan & Chua, 1994). The logical mean-
ing of sufficiency does not allow for different degrees. Sufficiency (of p for q) implies that
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P(q|p) equals 1, and necessity (of p for q) implies that P(p|q) equals 1. Therefore we think
that degrees of perceived sufficiency are better described as varying subjective conditional
probabilities P(q|p). Support for this link in the model comes from a study by Dieussaert,
Schaeken, and d’Ydewalle (2002), who found that availability of exceptional situations cor-
related negatively with the estimated conditional probability of the consequent, given the
antecedent, across more than 100 different conditional statements.

Subjective probability P(q|p) → belief in the 
conditional P(p → q)

We assume that the subjective conditional probability, P(q|p), affects people’s degree of
belief in the conditional statement, P(p → q). This part of the indirect pathway rests on
probabilistic theories of the meaning of conditionals. For example, Edgington (1991, 1995)
argues that the degree of belief one should reasonably have in a conditional statement equals
the conditional probability of the consequent q given the antecedent p. Statements in every-
day life, including conditionals, are often not simply true or false, but can be trusted with a
certain degree of confidence. In the example of fertilizing flowers, it is reasonable to believe
that flowers will grow if they are fertilized even if in some instances they fail to do so—for
instance, because they are not watered (an exceptional situation). This theory has recently
received direct support by experimental studies showing that people’s estimated probabili-
ties that a conditional is true depended on the conditional probability of the consequent,
given the antecedent (Evans et al., 2003; Oberauer & Wilhelm, 2003).

Belief in the conditional → acceptance of MP and MT

In our model the believability of the conditional affects the acceptability of the inferences.
It has been shown that MP and MT from believable conditional premises are accepted more
frequently than those from unbelievable ones (Byrne, 1989; Chan & Chua, 1994; George,
1995, 1997; Stevenson & Over, 1995, 2001; Thompson, 1996; Torrens, Cramer, & Thompson,
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Figure 1. Integrated theoretical model of interpretation of and reasoning from causal conditionals: Availability
of exceptional situations reduces the subjective conditional probability of consequent, given the antecedent; this in
turn affects the degree of belief in the conditional. The acceptance of MP and MT inferences depends on the
degree of belief in the conditional premise. In addition to this indirect pathway, there is a direct negative impact of
the availability of exceptional situations on acceptance of MP and MT. The presence or absence of a causal link
between antecedent and consequent might affect variables at various points in this chain.



1999). The same was true in most studies for AC and DA, although the data are sparser and
not entirely consistent. For a review on reasoning from uncertain conditionals, see Politzer
and Bourmaud (2002).

Beginning with Anderson (1995), several authors have proposed that people’s willingness
to draw or to accept conclusions from conditionals depends on their assessment of the con-
ditional probability of the conclusion, given the categorical (or minor) premise. For instance,
acceptance of MP is assumed to be proportional to P(q|p), whereas MT is accepted to the
degree that P(not-p|not-q) is high. This approach has been formalized as a computational
model by Oaksford, Chater, and Larkin (2000, see also Oaksford & Chater, 1998, 2003;
Oaksford & Wakefield, 2003). According to this model, the acceptance rate of MP depends
on the conditional probability, P(q|p), which in turn depends only on the probability of
exceptions, P(exceptions) � 1 � P(q|p). According to Oaksford et al. (2000), the likelihood
of acceptance of MT also depends on the probability of exceptions, but additionally on the
probability of the antecedent, P(p), and the probability of the consequent, P(q). The excep-
tions parameter of Oaksford et al. arguably depends on the availability of exceptional
situations. Therefore the theory of Oaksford et al. predicts that the acceptance of MP and
MT depends on the availability of exceptional situations, mediated through the conditional
probability; this dependency might be stronger for MP than MT. A similar account has been
proposed by Liu and his colleagues (Liu, 2003; Liu, Lo, & Wu, 1996).

The probabilistic approaches to conditional reasoning therefore are fully compatible with
the probabilistic path in our model, with one possible exception: The link between the sub-
jective conditional probability and the acceptance of inferences is not explicitly mediated by
the subjective probability that the conditional is true. We believe that such a mediation
would be a natural extension to probabilistic theories. Nonetheless, we also tested a reduced
model, leaving out the probability of the conditional, to test the assumptions of the proba-
bilistic reasoning theories directly.

Exceptional situations → acceptance of MP and MT

Markovits and Barrouillet (2002) suggested a modified mental model account of causal
conditional reasoning that also predicts that the availability of exceptional situations reduces
acceptance of the valid inferences. In line with the tradition of the mental model theory by
Johnson-Laird (1983), the authors assume that people reason from a set of mental models,
each model representing a situation that fulfils the truth conditions of the premises. In the
theory of mental models (Johnson-Laird, 1983), a conclusion is accepted as deductively
valid if and only if no counterexample can be found in which the premises are true, and the
conclusion is false.

In the original mental model theory, the search for counterexamples was conceptualized
as the construction of models that fulfil the truth conditions of the premises but falsify a
hypothetical conclusion. We refer to this kind of mental model as analytical counterexam-
ples, because they represent what is possible given the meaning of the premises, regardless
of what reasoners think is empirically true. In the theory of Markovits and Barrouillet (2002)
the idea of a search for counterexamples receives a new meaning: They assume that the con-
tent of a conditional triggers retrieval of associated relevant knowledge from memory. This
knowledge can include memory of cases that constitute counterexamples to AC and DA

1482 WEIDENFELD, OBERAUER, HÖRNIG



inferences (i.e., cases of not-p and q) as well as cases that constitute counterexamples to MP
and MT (i.e., cases of p and not-q). For example, when confronted with a conditional “If
one strikes a match, then it lights” and the second premise “I strike this match”, reasoners
might retrieve cases in which the match was wet and hence did not light, and this case will
then be integrated into the set of mental models constructed from the premises. It consti-
tutes a counterexample to the MP inference and therefore blocks drawing this inference. We
call counterexamples retrieved from memory empirical counterexamples.

In their revised mental model theory Schroyens and Schaeken (2003; Schroyens, Schaeken,
& d’Ydewalle, 2001) made a similar move towards a knowledge-based search for counterexam-
ples. According to Schroyens and Schaeken the probability of accepting MP equals 1 minus
the probability of retrieving a counterexample (i.e., a true-antecedent/false-consequent case)
from memory. The probability of accepting MT also depends on the probability of retrieving
such a counterexample. In addition, accepting MT depends on the probability that partici-
pants build a model of the false-antecedent/false-consequent contingency. With the assump-
tion that people reject inferences from conditionals on the basis of empirical as well as
analytical counterexamples, the two revised mental model variants (Markovits & Barrouillet,
2002; Schroyens & Schaeken, 2003) abandon the assumption that the search for counterexam-
ples is a deductive process. Instead, people are assumed to draw on their knowledge, thereby
deviating from one aspect of the instruction to reason deductively—that is, the instruction to
take the premises as true and disregard any other information not explicitly given.

An important feature of the revised mental model theories in the present context is that
both groups of authors assume an effect of the availability of exceptional situations (i.e.,
empirical counterexamples) on inferences. MP and MT inference will be rejected whenever
an exceptional situation comes to the mind of the reasoner. Hence, the probability of accept-
ing MP or MT depends on the probability of retrieving an exceptional situation. This link,
however, is not mediated through subjective probabilities. The mental model accounts do
not assume representations of the conditional probability, P(q|p), or of the degree of belief
in the conditional as mediators between retrieval of exceptional situations and the decision
to accept or reject an inference. Rather, the availability of counterexamples to a conclusion
considered in the context of a reasoning task directly affects whether the conclusion is
accepted or rejected. To test this idea we include a direct inhibiting path from exceptional
situations to the acceptance of MP and MT in our model.

Causal and noncausal conditionals

Most of the research underlying our framework has been conducted with causal conditionals.
Therefore, a further objective of our study was to compare causal conditionals with equivalent
noncausal conditionals in which the link between antecedent and consequent is arbitrary. In
arbitrary conditional statements there is no link between antecedent and consequent other
than that expressed in the “if . . . then” statement itself. Consider these two conditionals:

1. If the church bells are ringing in Manchester, then the workmen in Manchester knock
off work.

2. If the church bells are ringing in Manchester, then the workmen in London knock
off work.
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Even if both sentences shared the same conditional probability P(q|p), which would hap-
pen to be the case if the workmen in both cities knocked off work at the same time, the pres-
ence or absence of a causal link could make a psychological difference for how conditionals
are understood and how inferences are drawn from them. Several researchers have voiced
the suspicion that arbitrary conditionals are fundamentally different from causal ones
(Cheng & Holyoak, 1985; Markovits & Barrouillet, 2002; O’Brien, Costa, & Overton, 1986;
Peel, 1967; Thompson & Mann, 1995; cf. Bindra, Clarke, & Shultz, 1980). But few studies
systematically compared arbitrary and causal conditionals in the conditional inference task
(for exceptions, see Marcus & Rips, 1979; Valiña, Seoane, Ferraces, & Martin, 1999). To our
knowledge no study has yet been conducted that compares the very same conditionals with
and without a causal link. This, however, is the only way to control for a variety of content
and context effects. The conditional statements used in our experiments had the same word-
ing in both conditions (causal and arbitrary), and all were embedded in a pseudonaturalistic
context. The only difference between causal and arbitrary conditionals was the presence or
absence of an explicitly mentioned causal relation between antecedent and consequent in the
cover story.

Forward and backward causal links

We used two forms of causal conditionals: Conditionals expressing a forward causal direc-
tion (i.e., “If cause then effect”) and conditionals expressing a backward direction of causal-
ity (i.e., “If effect then cause”). A causal relationship can be described in a predictive way
like “If you fertilize a flower, then it will bloom” or in a diagnostic way, such as “If a flower
blooms, then it has been fertilized” (Waldmann, 2001; Waldmann & Holyoak, 1992). There
is some support for the intuition that forward wordings are the canonical way to state a
causal relationship—for example, forward causal conditionals are easier to understand than
backward formulations (Bindra et al., 1980; Traxler, Aked, Moxey, & Sanford, 1997).

One possible explanation for the superiority of forward over backward causal condition-
als comes from Gavanski and colleagues’ research on conditional probability judgements
(Gavanski & Hui, 1992; Sherman, McMullen, & Gavanski, 1992). They presented evidence
that estimates of the structure P(category|feature), like “Of 100 randomly selected people
who prefer blue rather than brown, how many are men?”, were distorted towards the esti-
mate of the inverted probability, P(feature|category), like “Of 100 randomly selected men,
how many prefer blue rather than brown?”. Gavanski explains his results with the structure
of human memory, which attaches features to categories, but does not provide easy access to
categories, given features as cues. Therefore if people are asked to reason about the proba-
bility of a category conditionalized on a feature, they tend to mentally reverse it, condition-
alizing the feature on the category. Asymmetries in conditional probability judgements with
causal relations have been described by Tversky and Kahneman (1980). Participants esti-
mated the conditional probability that a girl has blue eyes, given that her mother has blue
eyes, to be higher than the probability that a mother has blue eyes, given that her daughter
has blue eyes: P(effect|cause) � P(cause|effect).

Here we assume that cause–effect relations and category–feature relations are organized in
memory in a similar way. Therefore we predict from Gavanski’s theory that statements
expressing a causal link in backward form are sometimes reversed to the forward form.
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In these cases participants would reason from “if q then p” instead of “if p then q”. The valid
inferences would turn into invalid inferences and vice versa. This reversal hypothesis yields the
prediction that acceptance rates of MP and MT decrease, whereas acceptance of AC and DA
increase, for backward causal conditionals compared to forward causal conditionals.

Cummins (1995) and Thompson (1995) have compared forward and backward causal
conditionals. They predicted and found that the availability of disabling conditions reduced
MT and MP in forward but AC and DA in backward causal conditionals. Likewise, the avail-
ability of alternative causes diminished AC and DA in forward, but MP and MT in back-
ward conditionals.1 This interaction can be rephrased in terms independent of the causal
direction: The availability of exceptional situations reduces MP and MT; and the availabi-
lity of alternative situations, defined as cases in which the consequent q is true, but the
antecedent p is false, reduces AC and DA. This suggests that the framework proposed here
for MP and MT inferences can be extended to AC and DA inferences. To do this, alterna-
tive situations would take the role of exceptional situations, and p and q would change their
places in all variables of the model. The current work, however, focuses on a test of the
model for MP and MT inferences. To test the extension of the model for AC and DA experi-
mentally, data about the subjective probabilities of the converse of the given conditional, “if
q then p”, and the corresponding conditional probability P(p|q), would be needed, which
were not assessed.

Deductive and inductive instructions

A final objective was to study the effect of different instructions on reasoning. This was
inspired by Rips’ (2001) claim that people have at least two distinct ways of evaluating argu-
ments: deductively and in terms of their inductive strength. In deductively correct argu-
ments the conclusion is necessarily true whenever the premises are true. In inductively
strong arguments the premises support the conclusion to some degree, although it is possi-
ble that the premises are true, and the conclusion is false (e.g., “Grizzlies hibernate during
January, therefore black bears hibernate during January”). Rips (2001) compared reasoning
performance with highly plausible conditionals (“If car X10 runs into a brick wall, it will
stop”) and very implausible conditionals (“If car X10 runs into a brick wall, it will speed
up”) under two instructions. Participants in the deduction group decided whether the con-
clusion followed necessarily from the premises; the induction group decided how plausible
the premises render the conclusion. Under deductive instructions people’s evaluations of
the arguments depended much less on the plausibility of the conditional premise than under
inductive instructions. The variation of plausibility of the conditional premise in Rips (2001)
can be regarded as a manipulation of the availability of exceptional situations. Therefore, we
expect that the effect of the availability of exceptional situations on the acceptance of infer-
ences should be weaker under deductive than inductive instructions. In our reasoning experi-
ment (Experiment 3) we used two instructions: one with emphasis on logical necessity and
one that put the task within a context of an everyday conversation in which participants had

CAUSAL CONDITIONALS 1485

1Additionally, there was a main effect of logical form as well: MP and MT were always accepted more frequently
than AC and DA.



to judge the plausibility of the argument, corresponding to “deduction” versus “induction”
instructions as used by Rips (2001).

EXPERIMENTS

Method

In Experiment 1 participants estimated the conditional probability of the consequent q, given the
antecedent p—that is, P(q|p). In Experiment 2 participants estimated the degree of belief in a condi-
tional—that is, the probability of the conditional being true, P(p → q).2 Additionally all participants
in Experiments 1 and 2 rated the availability of exceptional situations. In Experiment 3 participants
solved conditional reasoning problems under either an induction or a deduction instruction.

Participants

The experiments were conducted through the Internet.3 The following cases were discarded from
all analyses: participants who did not provide answers to all items, participants who answered “yes” to
the question “Did you already participate in this experiment?”, and participants using an IP-number
that had been used before in the same experiment. In Experiments 1 and 2 there remained 205 and 230
participants, respectively, and in Experiment 3 the final N was 1,068. In Experiment 1 there were 102
men and 100 women, in Experiment 2, 116 men and 112 women, and in Experiment 3, 517 men and
542 women participated (the remainder did not respond to this question). The mean age was 28.6 (SD
9.5), 29.5 (SD 9.6), and 28.8 (SD 9.8) years for Experiments 1, 2, and 3, respectively (overall range was
12 to 70 years).

Materials

We created three slightly different cover stories for each of nine conditionals. The basic paradigm
and one conditional were adapted from Waldmann (2001). We used two sorts of causal stories (imply-
ing forward and backward direction of causality) and a neutral cover story introducing the conditional
as an arbitrary connection between two elementary propositions. The word “cause” was not used in
any of the cover stories.

An example for the critical passage for a causal forward conditional read as follows: “A laboratory
in Australia has recently discovered a new allergic disease in dogs. The new disease has been named
Midosis. […] The scientists have detected that the disease made an affected dog’s blood produce the
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formerly unknown substance Xathylen.” Following the cover story a protagonist uttered the
conditional as a hypothesis. The protagonist was always unrelated to the former story, for example:
“Sara is a practising veterinarian. She assumes that it generally holds that: ‘If a dog suffers from
Midosis then one finds Xathylen in its blood’.”

The second causal cover story for the same conditional was almost identical to the first, but instead
of Midosis causing Xathylen to be produced, the story explained that Xathylen is the substance that
leads to the symptoms of the allergic disease Midosis. The critical passage read: “In the blood of the
affected dogs, a formerly unknown substance called Xathylen is produced. This substance leads to the
multiple symptoms of Midosis.” The conditional itself remained the same as above. The causal roles
of the two events are reversed: Instead of “If cause then effect” the conditional now had the form “If
effect then cause”.

The neutral cover story for the arbitrary conditionals was similar to the causal stories. The major
difference was that the story did not make any explicit causal connection between Midosis and
Xathylen. The link between antecedent and consequent was purely arbitrary, because no meaningful
connection was suggested through the cover story. The critical passage read as: “The laboratory has
recently discovered a new allergic disease called Midosis in dogs. A different department has detected
a formerly unknown substance in the blood of cats and has named it Xathylen. During the last weeks
the scientists explored whether Xathylen is found in dogs’ blood as well.”

We used nine conditional statements (see Appendix) that came from very different domains (e.g.,
biology, ethnology). With a large variety of contents we hoped to provide a fair test for a general model.
The combination of nine conditionals with three cover stories resulted in 27 different combinations of
conditional statement plus cover story. To control for differences in the order of the terms in the state-
ment, we furthermore used both possible orders of terms in the conditional statement: “If Midosis
then Xathylen” as well as “If Xathylen then Midosis”. Therefore our item pool consisted of 54 items.
All materials were written in German.

Procedure

Experiments 1 and 2 were identical except for the first question: Participants in Experiment 1 esti-
mated the conditional probability, P(q|p), and participants in Experiment 2 estimated the probability
of the conditional being true, P(p → q).

In Experiments 1 and 2 each participant received six items (two forward, two backward, and
two arbitrary conditionals), each with different content, in random order. Each item was presented on
a separate display. All items were followed by four questions. In Experiment 1 the first question
regarded the conditional probability of the consequent given the antecedent, P(q|p). Following Sara’s
hypothesis, “If a dog suffers from Midosis then one finds Xathylen in its blood”, participants were
asked:

A dog is randomly selected from the lab’s kennel. It turns out that this dog suffers from
Midosis.
How likely do you think it is that one finds Xathylen in its blood?

Participants in Experiment 2 estimated the probability of the conditional being true, P(p → q),
instead.

How likely do you think it is that Sara’s statement holds true?

It was explained that the estimates should be given on a scale form 0 (“totally impossible”) to 100
(“absolutely certain”).
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The second question was a rating of the perceived causal strength,4 and the last two questions
assessed the availability of exceptional situations and of alternative situations. The question for excep-
tional situations read:

For the next question please assume that Sara’s statement is true.
Can you imagine conditions under which the following instance is possible?
A dog suffers from Midosis, but no Xathylen is found in its blood.

Alternative situations are circumstances that lead to the consequent q in the absence of the
antecedent p. For forward causal conditionals these are alternative causes, and for backward causal con-
ditionals these are disabling conditions. The question for alternative situations read:

For the next question please assume that Sara’s statement is true.
Can you imagine conditions under which the following instance is possible?
Xathylen is found in a dog’s blood, but it does not suffer from Midosis.

Participants indicated how many conditions they could think of on a 5-point rating scale from “very
few” to “very many”, with an additional option provided: “No, I cannot imagine such a situation.”
To ensure that participants carefully considered the situations, we asked them to briefly describe one
situation by a few keywords. The order of presentation of the questions concerning “p but not-q”
(exceptional situations) and “q but not-p” (alternative situations) was randomized for each item.

For half of the arbitrary items we included a control question instead of asking for the availability
of exceptional and alternative situations. This control question checked for the possibility that partic-
ipants spontaneously adopted a causal interpretation of the conditionals—even with neutral cover
stories. Therefore we asked participants to which statement they would consent most:

1. Midosis causes Xathylen to be in the blood.
2. Xathylen in the blood causes Midosis.
3. Neither one causes the other.
4. There is a third common cause to both.

The order of presentation of the first two options (“p causes q” and “q causes p”) was randomized
for each item.

In Experiment 3 participants solved conditional reasoning problems. In the general introduction to
the task we asked all participants to imagine that the problem statements were part of a conversation. Two
groups received slightly different instructions: In the deduction group we informed participants that
they had to decide whether the conclusion followed from the given statements with logical necessity. In
the induction group we instructed participants to judge whether they would follow the argumentation
and accept the conclusion within a conversational context. Here is the wording for both instructions:

The tasks in this experiment will have the following form:
Assumption: “If Anna travels to Italy, then she takes the train.”
Fact: Anna travels to Italy
Conclusion: Anna takes the train
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Please imagine the tasks to be part of a conversation or a discussion. Your discourse partner
draws the conclusion from the assumption and the fact.

For the deduction group only:

Please examine whether the argumentation is logically valid. Don’t judge whether the assump-
tion and the fact may be the case, but instead whether the conclusion follows with logical neces-
sity from the assumption and the fact. That is to say that if the assumption and the fact are true,
the conclusion cannot be false.

For the induction group only:

Please examine whether you find the argumentation plausible. Would you follow the argumen-
tation of your discourse partner and accept the conclusion?”

We stressed furthermore in both groups that the relation in an if-sentence is not necessarily
reversible. Each participant then received three items (one forward, one backward, and one arbitrary)
with different contents, presented in random order, each on a separate display. Contents were selected
randomly for each participant. Each item was followed by four inferences: MP, MT, AC, and DA. To
control for order effects we used two different orders of inferences: MP–AC–MT–DA and
DA–MT–AC–MP. Within each participant order of presentation of inferences was held constant.
Answers had to be given in a forced-choice format (“yes” or “no”), followed by a confidence rating of
the answer given (“How confident are you in your decision?”, rated on a scale from “uncertain” to
“certain”5). The wording for the inference question was “Is this conclusion logically valid?” for the
deduction group, and “Do you think this conclusion is plausible?” for the induction group.

Results

Manipulation check

We first performed a manipulation check to make sure that arbitrary conditionals were
not spontaneously understood as expressing causal relations and to confirm that our causal
conditionals are comparable to natural causal conditionals that have been used before—for
example, by Cummins (1995).

To control for spontaneous attribution of causality we included a control question for the
arbitrary conditionals in Experiments 1 and 2. Most people with most contents did not spon-
taneously adopt a causal interpretation of the arbitrary conditionals, so that the manipulation
of the presence versus absence of a causal link can be regarded as successful. Examination
of Table 1 shows that the frequency of the neutral answer “Neither one causes the other”
varied largely between contents (14.6% for alarm equipment to 84.0% for allergic disease).

The differences in the answering patterns between the contents show that we succeeded
in creating heterogeneous material. Although there was a trend to adopt the causal view that
“p causes q” more often than “q causes p”, this difference did not reach the conventional
criterion of significance, �2 (1) � 3.0, p � .083.
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5Confidence ratings did not yield any interesting results and are therefore not discussed.



First-order correlations

Our design is formally equivalent to previous experiments on conditional reasoning with
realistic causal content (e.g., Cummins, 1995; Cummins et al., 1991; Thompson, 1994).
Those studies used experimental designs with items selected for high versus low availability
of disablers and alternative causes as independent variables and inference acceptance as
dependent variable. We operationalized the independent variables through continuous vari-
ation across our item set instead of building extreme groups of items. Therefore, the effects
are best described as correlations across items between the measured variables. Hence, for
each of the 54 items we computed mean values for the estimated availability of exceptions,
the conditional probability, the probability of the truth of the conditional, and the accept-
ance rates of the four inferences, separately for the deduction and the induction instructions.
These means provided the data points for computing correlations between the measured
variables across items.

The correlational approach makes transparent that in our study as well as in previous
studies on this topic none of the variables of theoretical interest was a truly experimental
independent variable—they are all features of the materials, varying naturally over items,
and measured through ratings or inferences of participant samples. Each of them can be
regarded as an independent variable (i.e., as reflecting a feature of the material that causes
participants’ behaviour as expressed in another variable) or as dependent variable (i.e., as
reflecting behaviour caused by a feature of the material measured through another variable).

To control whether our materials and procedures are similar to those used in previous
studies with natural causal conditionals, we first examined correlations over the causal items
(N � 36). Availability of exceptional situations correlated negatively with the acceptance of
MP (r � �.81, p � .001) and MT (r � �.76, p � .001), but not with the AC or DA form. The
reverse was true for alternative situations: availability of alternative situations correlated neg-
atively with AC (r � �.80, p� .001) and with DA (r � �.75, p� .001), but not with the MP or
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TABLE 1
Answers to the control question for spontaneous attribution of causality 

(arbitrary conditionals only)

Percentage of responsesa

Content Overall 1 2 3 4 5 6 7 8 9

p causes q 12.0 4.0 10.5 6.7 16.7 10.8 10.3 27.1 14.6 7.3
q causes p 8.0 4.0 5.3 2.2 10.0 8.1 0 18.8 10.4 12.2
Neither one 52.7 84.0 55.3 53.3 60.0 75.7 48.7 29.2 54.2 14.6
Third common cause 27.4 8.0 28.9 37.8 13.3 5.4 41.0 25.0 20.8 65.9

Note: Neither one � Neither one causes the other. Third common cause � There is a third common cause 
to both.

1 � Allergic disease. 2 � Tropical plant. 3 � Mechanical object of art. 4 � DNA mutation. 5 � Tribal behaviour.
6 � Computer virus. 7 � Social relationship. 8 � Outer space physics. 9 � Alarm equipment. See Appendix for a
list of the conditional statements used.

aOverall N � 376.



MT inference. This pattern of correlations replicates previous findings (e.g., Cummins, 1995;
Thompson, 1994, 1995) and shows that our causal items and our procedures to measure the
availability of exceptional and alternative situations are equivalent to those of other studies.

Among the inference forms MP correlated with MT (r � .85, p � .001) and AC with DA
(r � .76, p � .001). Additionally MT correlated with DA (r � .48, p � .01). These are the two
forms that include negated propositions. For a complete overview over the correlations
between experimental variables consider Table A1 in the Appendix.

Testing the integrated model, I: Path analysis

We tested the integrated model developed above with two methods: a series of regres-
sions and a path analysis. The path analysis is a comprehensive test of the postulated causal
structure, but due to the small sample of items and the dependence between items that use
the same conditional with different context stories, confidence in the path model might be
somewhat limited. The small N can in part be compensated for by high reliability of the vari-
ables involved (Hoyle & Kenny, 1999; Raykov & Widaman, 1995), and we expected to obtain
highly reliable estimates because each data point rested on aggregated responses from at least
20–30 participants. Nonetheless, we also computed regression analyses, testing segments of
the path model separately, for converging evidence from a method that makes fewer
demands on data quality.

The path model we used to capture our theoretical assumptions is shown in Figure 2. We
fitted this model to the covariance matrix over items (the corresponding correlation matrix
is documented in Table A1), allowing different path coefficients for the causal statements
(taking forward and backward causality together) and the arbitrary statements. With this
approach we received an overall model fit, and additionally we were able to look at two dis-
tinct submodels: one submodel for the causal conditionals and one submodel for the arbi-
trary conditionals. The overall model fit was satisfactory, as can be seen from the fit indices
listed in Table 2.

The comparison of the two submodels (causal conditionals alone and arbitrary condi-
tionals alone) can be drawn with respect to the model fits (see Table 2) and with respect to
the size and the significance of the path coefficients, which are presented in Table 3.

The submodel for the causal conditionals alone (N � 36 items) had a good fit. All path
coefficients were significantly larger than zero with one exception that was only marginally
significant. Figure 2 displays the standardized path coefficients and the proportion of
explained variance (R2 values) for the dependent variables in the causal submodel. A cross-
validation procedure was used to assure the replicability of the causal submodel in two sub-
samples of participants. The data from all participants were split randomly into two groups.
Data from one group were used to estimate the parameters of the model; then the estimated
path coefficients were used as fixed parameters for fitting the model to the data from the
other group, and vice versa. The increase in �2 between free estimation of parameters for the
group and the model restricted by the other group’s parameters was 6.5 (df � 8, p � .59) for
one group and 5.4 (df � 8, p � .71) for the other. Inspection of Table 4 reveals furthermore
that the unconstrained and the constrained estimates of the path coefficients for both sub-
groups converged to a remarkable extent. We conclude that the cross-validation procedure
was successful and supports the robustness of the model.
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Figure 2. Structural equation model and standardized results for the causal conditionals. “Inferences
(Deduction)” is a latent variable defined by the proportion of participants in the group instructed to reason logi-
cally who accepted MP and MT (deduction group). “Inferences (Induction)” is the corresponding variable for the
group instructed to assess the argument’s plausibility (induction group).

For the submodel with the arbitrary conditionals alone (N � 18 items), the fit was not
convincing. Also, a cross-validation procedure was not successful: The increase in �2 was sig-
nificant in both directions: 19.2 (df � 8, p � .05) in one direction and 16.5 (df � 8, p � .05)
in the other one. Among the few paths that received significant coefficients in this submodel
were those connecting availability of exceptional situations, subjective conditional probabil-
ity, and the degree of belief in the conditional—that is, the first steps in the indirect path-
way. These first steps in the indirect pathway can be constrained to the same values in both
submodels (causal and arbitrary) without any loss of fit (this is Constraint 1 in Table 2).

No difference between the instruction groups is evident in the fitted path model. Paths
leading to the endorsement of inferences in the deduction group (on the left side in Figure 2)
and paths leading to endorsement of inferences in the induction group (on the right side)
had very similar standardized coefficients. When these path coefficients were fixed to be
equal on both sides, the overall model fit decreased only negligibly. (This is Constraint 2 in



CAUSAL CONDITIONALS 1493

TABLE 2
Measures for goodness of fit for path models with different constraints

Constraint �2 df p RMSEA range CFI

None Overall 29.7 22 .126 .082–.151 .970
causal alone 10.6 11 .477 .000–.172 1.000
arbitrary alone 18.8 11 .065 .205–.358 .877

1 (between models) Overall 30.2 24 .178 .071–.140 .975

2 (within models) Overall 32.5 26 .177 .069–.136 .974
causal alone 11.8 13 .544 .000–.155 1.000
arbitrary alone 20.4 13 .086 .183–.328 .885

1 � 2 simultaneously Overall 33.1 28 .232 .059–.127 .980

Notes: Constraint 1�paths “exceptional situations → subjective probability” and “subjective probability → belief
in the conditional” were constrained to be equal in the causal and arbitrary sub-model. Constraint 2 � within the
submodels the right side (deduction group) and the left side (induction group) were constrained to the same value.
RMSEA (root mean square error of approximation) indices are reported with upper and lower bound. A good fit is
indicated by a RMSEA index smaller than .05, an acceptable fit by an RMSEA index smaller than .08. A RMSEA
larger than .10 displays a poor fit. A CFI (Comparative fit index) between .90 and .95 indicates an acceptable fit,
values above .95 a good fit, and values below .90 a poor fit. The “causal only” and “arbitrary only” models are
submodels of the overall model.

TABLE 3
Standardized path coefficients for causala and arbitraryb conditionals

Causal items Arbitrary items

Path Estimate p Estimate p

Exceptional situations–subjective probability �.73* �.001 �.54* .01
Subjective probability–belief .81* �.001 .85* �.001
Exceptional situations–inference (deduction) �.57* �.001 �.08* .68
Belief–inference (deduction) .28* .07 .30* .13
Exceptional situations–inference (induction) �.53* �.001 �.76* �.001
Belief–inference (induction) .44* �.001 �.01* .95
Inferences (deduction)–MPd .94* (fixed) 1.19* (fixed)
Inferences (deduction)–MTd .85* �.001 .66* .16
Inferences (induction)–MPi .93* (fixed) .69* (fixed)
Inferences (induction)–MTi .79* �.001 .89* .01

Note: Estimate � estimate of the standardized path coefficient. Belief � belief in the conditional.
Inference � acceptance rates of valid inferences (MP and MT), with instruction group (deduction or induction)
in parentheses. MP � modus ponens: MT � modus tollens: Subscripts d and i refer to acceptance rates under
deductive and inductive instructions, respectively. No constraint applied to the model.

an � 36. bn � 18.
*significantly larger than 0 ( p � .05).



Table 2. It applied within, not between, the submodels.) When we applied Constraints 1 and
2 simultaneously, the pattern of path coefficients was clear-cut: For the causal conditionals
all path coefficients received significant weights. For the arbitrary conditionals all path co-
efficients received significant weights except for the paths from the belief in the conditional
to the two inference variables.

We also tested a reduced model capturing the assumptions of probabilistic approaches to
conditional reasoning (Liu, 2003; Oaksford et al., 2000). As Figure 3 shows, the reduced
model assumes that the availability of exceptional situations directly affects the conditional
probability, which in turn affects the acceptance of MP under both instructions—without
the mediation of the degree of belief in the conditional. Acceptance of MT was not included
in this model because the probabilistic theories predict a strong association with P(q�p) only
for MP. The additional direct paths between exceptional situations and acceptance of MP
provide a critical test because the probabilistic approaches do not assume that the availabil-
ity of exceptional situations affects acceptance of MP on a direct path over and above the one
mediated through the subjective conditional probability, P(q�p). The probabilistic models
therefore should predict that the direct paths become nonsignificant.

The two direct paths were fixed to be equal for both instruction groups. The reduced
model had an acceptable fit, �2 � 2.4 with df � 2, root mean square error of approximation
(RMSEA) � 0.074 (0.00–0.352), comparative fit index (CFI) � 0.995, although with a very
large confidence interval of RMSEA. All path coefficients received significant weights
except the path between the conditional probability and the acceptance of MP under deduc-
tive instruction ( p � .12). This is a problematic finding for current probabilistic theories of
conditional reasoning, because their core assumption is that there is a strong link between
P(q�p) and acceptance of MP.
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TABLE 4
Estimates of standardized path coefficients for two randomly

selected subgroups of participants

Subgroup

Path 1 2

Exceptional situations–subjective probability �.64 �.69
Subjective probability–belief .64 .69
Exceptional situations–inference (deduction) �.53 �.46
Belief–inference (deduction) .29 .34
Exceptional situations–inference (induction) �.46 �.59
Belief–inference (induction) .39 .40
Inference (deduction)–MPd .91 .82
Inference (deduction)–MTd .73 .86
Inference (induction)–MPi .90 .85
Inference (induction)–MTi .72 .69

Note: Belief � belief in the conditional. Inference � acceptance rates
of valid inferences (MP and MT), with instruction group (deduction or
induction) in parentheses. MP � modus ponens. MT � modus tollens.
Subscripts d and i refer to acceptance rates under deductive and inductive
instructions, respectively. No constraint applied to the model.



Testing the integrated model, II: Regression analyses

For each dependent variable in the path model, we conducted a set of regression analy-
ses with its hypothetical causes as predictors. The results of these analyses are summarized
in Table 5. The results largely confirm the conclusions from the path model. Availability of
exceptional situations was a strong predictor of the subjective conditional probability P(q�p).
The conditional probability was the only systematic predictor of the believability of the
conditional; it largely mediated the effect of the availability of exceptions on this variable. In
contrast, availability of exceptions was a strong unique predictor of the acceptance rates of
MP and MT. This was found for both instructions, for the total set of items as well as for
the causal items alone; the effect seems weaker for the noncausal items. The believability
of the conditional was a weaker and less consistent predictor of inference acceptance, in
particular in the subset of noncausal items. To summarize, the regression analyses converge
with the path analysis in providing strong support for the direct path and somewhat weaker
support for the indirect path.

Effects of causal structure and instruction

We investigated the effect of the causal structure (causal forward vs. causal backward vs.
arbitrary items) on the four variables in the path model. The causal structure factor was
decomposed into two orthogonal contrasts, one comparing causal (both forward and back-
ward) with noncausal conditionals (causality contrast) and the other comparing forward with
backward causal conditionals (direction contrast). The means of the exceptional-situation
ratings and the two probability estimates in the three causality conditions are summarized
in Table 6.

Participants rated the availability of exceptional situations as smaller for causal than for
noncausal conditionals, as shown by a significant causality contrast, F(1, 31) � 13.48,
p � .001, �2 � .11. The direction contrast was not significant.
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Figure 3. Reduced structural equation model, standardized results for the causal conditionals. Significant path
coefficients are indicated by an asterisk. MPd � acceptance of modus ponens in the deduction group; MPi � accept-
ance of modus ponens in the induction group.



The two estimates of probability from Experiments 1 and 2 were rated on the same scale,
so we jointly analysed them through an analysis of variance (ANOVA) with causal structure
as within-subjects factor and estimate type (estimates of conditional probability vs. estimates
of belief in a conditional) as between-subjects factor. Estimates of the conditional probabil-
ity (mean 74.4) were higher than estimates of the degree of belief in the conditional (68.7),
as indicated by a main effect of estimate type, F(1, 433) � 68.2, p � .001, �2 � .136.
This replicates a similar finding by Oberauer and Wilhelm (2003). Causal conditionals
received higher estimates than arbitrary ones, as indicated by the causality contrast, F(1,
433) � 306.8, p � .001, �2 � .415. Moreover, the directionality contrast showed that forward
conditionals received higher estimates than backward conditionals, F(1, 433) � 36.9,
p � .001, �2 � .079. Estimates of conditional probability and of belief in a conditional were
closer to each other for the two types of causal conditional than they were for the arbitrary
conditionals, as indicated by an interaction between estimate type and the causal contrast,
F(1, 433) � 14.95, p � .001, �2 � .033. The direction contrast did not interact with estimate
type (F � 2.72, p � .1).

Mean acceptance rates of the four inferences from Experiment 3 are presented in Table 7.
The data were submitted to an ANOVA with inference validity (MP � MT vs. AC � DA)
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TABLE 5
Summary of regression analyses

Criteria

Predictors (beta) Subj. probability Belief MP � MT (ded.) MP � MT (ind.)

Causal � noncausal a

Exceptions �.68* �.13 �.46* �.54*

Subj. probability .79*

Belief .24 .33*

R2 (adj.) .45 .77 .39 .64

Causal aloneb

Exceptions �.74* �.35* �.53* �.50*

Subj. probability .56*

Belief .25 .36*

R2 (adj.) .53 .70 .51 .64

Noncausal alonec

Exceptions �.54* 0 �.30 �.59*

Subj. probability .85*

Belief .16 .14
R2 (adj.) .25 .68 .04 .40

Notes: Cell entries are beta weights of the predictors listed in the first column for the criteria in the heads of
columns 2 to 5, and R2 values adjusted for the number of parameters in the models. Subj. (subjective) prob-
ability � estimate of P(q�p). Belief � estimate of P (“if p then q”). MP � MT � mean of acceptance rates for MP 
and MT. MP � modus ponens. MT � modus tollens. Subj. probability and belief were not entered as predictors
simultaneously because of their exceptionally high collinearity (see Table A1).

aN � 54. bN � 36. cN � 18.
*p � .05.



and causal structure (causal forward vs. causal backward vs. arbitrary) as within-subject
factors and instruction (deduction vs. induction) as between-subjects factor. The valid
forms MP and MT (mean acceptance rate � .63) were accepted more often than the invalid
forms AC and DA (mean acceptance rate � .47), F(1, 1011) � 201.7, p � .001, �2 � .166.
Inferences from forward causal conditionals (.61) were accepted slightly more frequently
than inferences from backward causal conditionals (.58), and inferences from arbitrary con-
ditionals were accepted considerably less often (.46). This was confirmed by a significant
causality contrast, F(1, 1011) � 146.7, p � .001, �2 � .127, and a smaller, but also significant,
direction contrast, F(1, 1011) � 7.2, p � .008, �2 � .007.

There was a significant interaction of causal structure and inference validity, F(2,
2022) � 25.8, p � .001, �2 � .025. This interaction is depicted in Figure 4. The observed
pattern is not readily captured by the two contrasts we specified for the causal structure
factor—here, the conditionals with backward causality differ from those with forward
causality and without causality, which behave similarly. With backward causality, people
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TABLE 6
Mean estimates for the three types of conditional in Experiments 1 and 2

Causal forward Causal backward Arbitrary

M SD M SD M SD

Availability of exceptional situations 1.85 1.34 2.02 1.53 2.44 1.55
Subjective probability 77.6 19.6 71.3 22.5 57.2 24.2
Degree of belief 71.9 20.8 61.0 23.5 39.3 23.5

Note: Entries are mean estimates of subjective conditional probability of q, given p, (subjective probability)
and mean estimates of subjective degree of belief in the conditional (degree of belief), respectively, both given on a
scale from 0 to 100.

TABLE 7
Percentages of “Yes” answers to inferences for the three 

types of conditional and two instruction groups

Causal forward Causal backward Arbitrary

MP Deduction 84.7 77.1 72.5
Induction 77.9 66.6 62.1

MT Deduction 57.7 54.2 48.2
Induction 64.8 51.9 43.9

AC Deduction 47.8 51.1 36.8
Induction 54.8 51.3 36.3

DA Deduction 46.8 52.8 34.0
Induction 54.9 60.3 37.0

Note: The rows contain the percentage of acceptance of the four infer-
ence forms for each of the two instruction groups (induction vs. deduction).
Data are from Experiment 3, n � 569 in the deduction group and n � 499 in
the induction group.



accepted fewer MP and MT inferences, but more AC and DA inferences than with the other
two types of conditional. This is what would be expected if people sometimes mentally
reverse “If p then q” into “If q then p” when reading a conditional with backward causal-
ity. We further evaluate the reversal hypothesis below.

There was no main effect of instruction group (F � 1), but instruction interacted with
inference form, F(1, 1011) � 13.7, p � .001, �2 � .013. Post hoc analyses with a log-linear
analysis for frequencies (Wald’s test) for each inference indicated that participants in the
deduction group answered more frequently according to the normative standard of the
material implication in accepting MP (mean acceptance rates were .78 and .69 for deduction
and induction group, respectively; Wald �2 � 33.6, df � 1, p � .001) and rejecting AC (mean
acceptance rates were .45 and .51 for deduction and induction group, respectively; Wald
�2 � 12.2, df � 1, p � .001). There was no difference in the acceptance rates of the MT and
DA forms. We conclude from these results that participants were sensitive to the difference
between the two instructions, although the effect of the instruction was rather small and was
restricted to the inferences MP and AC. In addition, there was a small interaction of instruc-
tion with causal structure, F(2, 1010) � 4.8, p � .008, �2 � .005, for which there is no obvi-
ous explanation.6

Reasoning from forward versus backward 
causal conditionals

The analysis of the reasoning data revealed more correct answers in the forward than in
the backward causal conditionals for both valid and invalid inferences. This is what the rever-
sal hypothesis predicts. The reversal hypothesis states that for backward causal conditionals
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Figure 4. Interaction between causal structure (causal forward vs. causal backward vs. arbitrary) and inference
validity (MP � MT vs. AC � DA).

6Post hoc tests revealed that the the interaction resulted solely from the MT inference, Wald �2(2) � 8.0,
p � .019: The induction group (.65) accepted more MT inferences than the deduction group (.58), but only in the
causal forward condition. For causal backward and arbitrary conditionals there was a trend in the opposite direc-
tion (induction group, .48; deduction group, .51). This latter trend would be expected if participants followed the
instruction.



participants sometimes reason from the reverse conditional “If q then p” instead of “If p
then q”. Another plausible hypothesis is that backward causal items favour a biconditional
reading. A biconditional interpretation could emerge if participants add an invited inference
“If q then p” to the given conditional “If p then q”, because the causal direction implied by
the cover story suggests a conditional with the cause as antecedent and the effect as conse-
quent. We refer to this idea as equivalence hypothesis.

Reversal and equivalence hypotheses can be distinguished by looking at patterns of
responses of individual participants over the four inferences. Participants solved 3,204 items
overall, which were classified into categories for the relevant patterns after we excluded items
for which there was at least one answer missing (remaining N � 3,115 items). A pattern of
responses to an item was classified as biconditional if all four inferences were accepted. It was
classified as conditional if MP and MT were accepted, but AC and DA were rejected. It was
classified as reverse conditional if AC and DA were accepted, but MP and MT were not. The
equivalence hypothesis predicts an increase in biconditional answers for backward items rel-
ative to forward causal items. The reversal hypothesis predicts that the reverse conditional
pattern is more prevalent in backward items than in forward items.

As shown in Table 8, the biconditional pattern was not observed more often for condi-
tionals with backward than for those with forward causality—if anything, there was a trend
in the opposite direction. This finding clearly contradicts the equivalence hypothesis. The
conditional pattern was more prevalent for the forward than for the backward causal items,
Wald �2(1) � 7.2 and p � .007. The reverse conditional pattern was almost twice as frequent
with backward than with forward conditionals, Wald �2(1) � 12.1, p � .001. This finding
strongly supports the reversal hypothesis.

Discussion

In this paper we presented a causal path model that integrates central assumptions from sev-
eral approaches to the meaning of and the reasoning from causal conditionals. In addition,
we compared conditionals with forward, backward, and no causal link, holding the content
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TABLE 8
Percentage of answering patterns to the reasoning tasks for the 

three types of conditional

Causal forward a Causal backward a Arbitraryb

Biconditional 34.2 32.0 39.3
Conditional 19.6 15.2 17.9
Reverse conditional 4.4 8.2 3.1
Other 41.8 44.6 39.8

Note: Biconditional � MP � MT � AC � DA accepted. Conditional � MP � MT
accepted, AC � DA rejected. Reverse conditional � MP � MT rejected, AC � DA
accepted. All other patterns were classified as “Other”. Data are from Experiment 3, aggre-
gated over instruction groups. MP � modus ponens. MT � modus tollens. AC � acceptance
of the consequent. DA � denial of the antecedent.

an � 1,039. bn � 1,037.



of the conditional constant, and we compared reasoning with inductive and deductive
instruction.

Evaluation of an integrated path model

The results of the regression and path analyses supported the model for causal but not
for arbitrary conditionals. Surprisingly, for the submodel of the causal conditionals both
pathways between the availability of exceptional situations and the acceptance of MP and
MT received significant weights. These paths reflect assumptions from rival theories: The
indirect pathway is based on probabilistic and semantic theories whereas the direct pathway
is derived from two variants of the mental models theory. This finding shows that none 
of the current major theories is able to satisfactorily explain all participants’ reasoning
behaviour with causal conditionals.

For the submodel of the arbitrary conditionals the direct pathway between availability of
exceptional situations and acceptance of MP and MT received significant weights. The
paths between availability of exceptional situations, the subjective conditional probability,
and the overall degree of belief in the conditional received also significant weights—these
are the first steps of the indirect pathway. Hence, the first steps in the indirect pathway were
stable across conditions. But after the direct effect of exceptional situations on the accept-
ance of MP and MT was partialled out, there was no significant effect mediated through
subjective probabilities in the case of the arbitrary conditionals. We regard the results for the
arbitrary conditionals as preliminary due to the rather small sample size of items. But if this
finding turns out to be replicable, it would pose a problem for the probabilistic account of
reasoning as advanced by Oaksford and colleagues (Oaksford & Chater, 2001; Oaksford et al.,
2000). According to Oaksford et al., the acceptance of the MP and MT inference should be
a function of the conditional probability of the consequent, given the antecedent, and this
should hold for both causal and arbitrary conditionals.

None of the current major theories of conditional reasoning can explain the simultane-
ous presence of a direct as well as an indirect pathway between the availability of exceptional
situations and the acceptance of MP and MT. The two mental model variants (Markovits &
Barrouillet, 2002; Schroyens & Schaeken, 2003) predict the direct pathway by assuming that
the availability of exceptional situations directly impacts the reasoning process, but since
they do not assume a probabilistic representation of the conditional they cannot explain the
presence of the indirect pathway. For the probabilistic approaches the reverse is true: They
predict the indirect pathway via conditional probability and degree of belief in the condi-
tional, but have nothing to say about the direct pathway.

The pattern of results could be due to differences between tasks: Reasoning from a
conditional statement is different from evaluating a conditional’s believability or its truth. A
major difference is that in reasoning tasks a minor premise comes into play. Recent findings
of Markovits and Potvin (2001) support the assumption that representing a minor premise
(re)activates the whole knowledge structure in semantic memory associated with the condi-
tional statement. Exceptional situations are part of this knowledge structure, and this addi-
tional activation through the minor premise could explain why the availability of exceptional
situations has an effect on reasoning that goes beyond its effect on estimates of the
believability of the conditional statement evaluated on its own.
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An alternative explanation is that the two pathways represent different groups of partic-
ipants that approach the reasoning task differently. Since our data were aggregated over
participants for the path model, individual differences could generate two paths simultaneously
although each participant’s data would only support one of the paths. If this is correct, then
one group of participants has a probabilistic understanding of conditionals and reasons
according to probabilistic theories, whereas the other group’s behaviour could be explained
by a version of mental model theory. With respect to the meaning of conditionals, there is
already evidence for such subgroups of participants. Evans et al. (2003) as well as Oberauer
and Wilhelm (2003) identified a large group of participants with a probabilistic understand-
ing of conditionals and a minority that showed behaviour consistent with a simple mental
model representation.

Besides appealing to two different tasks or two groups of subjects, an explanation could
also be attempted by assuming two processes, one of which would produce each path in the
model. Dual-process accounts of reasoning have been proposed by several authors (e.g.,
Evans & Over, 1996; Sloman, 1996; Stanovich & West, 2000). A dual-process approach
assuming two distinct reasoning mechanisms, one based on an assessment of probabilities,
the other utilizing mental models and counterexamples retrieved from memory, has recently
been suggested by Verschueren, Schaeken, and d’Ydewalle (in press) for AC and DA. This
approach might help to explain the present data.

Effects of causal structure

The presence of a causal link between antecedent and consequent, regardless of direc-
tion, had two effects. One was to improve the fit of the path model. This could reflect a dif-
ference in the cognitive processes on causal and noncausal conditionals, but it could also be
due to the small n of noncausal conditionals. The other effect was that causality affected all
four variables in the model: Causal conditionals were associated with less available excep-
tional situations, higher conditional probability of the consequent, given the antecedent,
higher degree of belief in the conditional, and higher acceptance rates for MP and MT. This
pattern suggests that the presence of a causal link affects the first variable in the path model,
availability of exceptional situations, and this effect is transmitted through the probabilistic
path down to the acceptance rates for MP and MT: Lower availability of exceptional situa-
tions leads to higher P(q�p), which results in a higher degree of belief in the conditional,
which in turn increases people’s willingness to accept the valid inferences. In addition, the
direction of causality had an effect, beginning with the conditional probability variable,
which also was transmitted to the variables following on the probabilistic path: Forward
causal conditionals received higher P(q�p) estimates, resulting in higher belief ratings and
higher acceptance rates of MP and MT.

Analysis of the patterns of answers to the reasoning tasks strongly suggests that partici-
pants sometimes mentally reverse backward causal conditionals into forward wordings. This
constitutes empirical support for the intuition that forward wordings are the natural way to
express a causal relation in a conditional statement. We predicted this reversal from
Gavanski and Hui’s (1992) work on probability judgements. Applying their account of
category–feature relations to cause–effect relations explains the reversal by the structure of
memory that represents cause–effect relations in an asymmetrical way: Causes are effective
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cues for their possible effects, but there is no easy access from effects, given as cues, to their
possible causes. This hypothesis deserves further investigation, because it might reveal
insights into knowledge representation in language and in memory, and how the structure of
representations can impact reasoning. In this respect it is worth stressing that the reversal
effect was not restricted to participants that judged the inductive plausibility of the argu-
ment, but was observed in the deduction group as well.

Deduction and induction instructions

Rips (2001) has claimed that people have at least two distinct ways of evaluating argu-
ments: deductively and in terms of their inductive strength. In Experiment 3 we used two
instructions that matched Rips’ manipulation of deduction versus induction. Contrary to
Rips’ finding we observed only small differences between the two instruction groups in the
acceptance data and no evidence at all for differences between the groups in the path analy-
sis. The theory of Markovits and his colleagues (Markovits & Potvin, 2001; Vadeboncoeur &
Markovits, 1999) could help to explain the differences between our results and those of Rips
(2001). They argue that instructions that ask participants to “assume that the premises are
true” irrespective of their empirical truth (i.e., deductive instructions) crucially depend on
the ability to inhibit knowledge that is pragmatically relevant to the task but logically irrele-
vant. In a series of experiments Markovits and Potvin (2001) established what they called the
paradoxical MP suppression effect of the generation of an alternative antecedent: Participants
with a standard instruction to assume the truth of the premises tend to deny the MP infer-
ence if they have to generate one possible alternative situation (i.e., a false-antecedent, true-
consequent case) between the instruction and the reasoning task. This effect is paradoxical
because the number and availability of alternative situations have been known to affect the
acceptance of AC and DA, but not MP and MT. Furthermore, this paradoxical suppression
effect was not observed when an alternative situation was presented by the experimenter.
Markovits and Potvin argue that the task of generating an alternative situation reactivates 
the complete knowledge structure in semantic memory that the participants have about the
conditional relation in the major premise. This reactivation “will reduce the effects of the
previous inhibition, and will lead to a greater tendency to deny the MP inference”
(Markovits & Potvin, 2001, p. 738). Our experiments did not have any intervening task
between instruction and reasoning, but there was a cover story between the instruction and
the conditional statements with their associated reasoning tasks. The cover stories described
(causal) relations that were fictional but similar to natural causal relations. It is possible that
these vivid pseudonatural stories activated relevant knowledge in semantic memory, and
according to Markovits and Potvin this might have reduced the inhibition needed to follow
the logic instruction. This argument could explain why we found only small differences
between deduction and induction instruction. Our experiments would then add further
support to the conclusion that “this process of selective inhibition is quite fragile”
(Markovits & Potvin, 2001, p. 744).

To conclude, our causal path model offers a framework for integrating previous findings
of pairwise covariations between five variables—the availability of exceptional situations, the
subjective conditional probability of the consequent, given the antecedent, the degree of
belief in the conditional, and the willingness to accept MP and MT inferences. The fifth
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variable was the presence or absence of a causal link between antecedent and consequent.
The presence of a causal link affected both the mean values of the other four variables and
the fit of the model, which was satisfactory only for the subset of causal conditionals. The
difference between inductive and deductive instructions, in contrast, had surprisingly little
effect on both the means and the path coefficients.

The path structure of our model was motivated by existing computational theories of
conditional reasoning, but it is not a computational model itself—it does not specify the rep-
resentations and cognitive operations that people use when they attempt to reason from con-
ditionals. We see the value of our model in revealing a rich set of correlations—presumably
reflecting causal dependencies—between various observed variables, which provides strong
constraints for theories of the underlying cognitive processes.
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APPENDIX

The following cover stories and conditionals were used in Experiments 1, 2, and 3 (trans-
lated from German):

1. Allergic disease: a) If a dog suffers from Midosis, then one finds Xathylen in its
blood.

b) If one finds Xathylen in a dog’s blood, then it suffers from
Midosis.

Cover story causal forward:
A laboratory in Australia has recently discovered a new allergic disease in dogs. The new

disease has been named Midosis. Since that time the researchers have discovered many char-
acteristics of Midosis. Among other things, the scientists have detected that the disease
makes an affected dog’s blood produce the formerly unknown substance Xathylen.

Sara is a practising veterinarian. She assumes that it generally holds that:

If a dog suffers from Midosis,
then one finds Xathylen in its blood

Cover story causal backward:
A laboratory in Australia has recently discovered a new allergic disease in dogs. The new

disease has been named Midosis. Since that time the researchers have discovered many char-
acteristics of Midosis. In the blood of the affected dogs, a formerly unknown substance
called Xathylen is produced. This substance leads to the multiple symptoms of Midosis.

Sara is a practising veterinarian. She assumes that it generally holds that:

If a dog suffers from Midosis,
then one finds Xathylen in its blood
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Cover story noncausal:
The major fields of research of a laboratory for veterinary medicine in Australia are the

research on physiology (e.g., the compounds of blood in different animals) and allergic dis-
eases. The laboratory has recently discovered a new allergic disease in dogs called Midosis.
A different department has detected a formerly unknown substance in the blood of cats and
has named it Xathylen. During the last weeks the scientists explored whether Xathylen is
found in dogs’ blood as well.

Sara is a practising veterinarian. She assumes that it generally holds that:

If a dog suffers from Midosis,
then one finds Xathylen in its blood

2. Tropical plant: a) If a Pherotelia blooms, then there are blue point beetles on it.
b) If there are blue point beetles on a Pherotelia, then it blooms.

Cover story causal forward:
At an American university biologists have recently discovered a new tropical plant. The

plant was named Pherotelia. When the Pherotelia blooms, its pollen attracts blue point
beetles. These beetles gather at the Pherotelia’s blossoms, because the blue point beetles 
feed on the pollen of the blossoms.

Stefanie is a German biologist. She assumes that it generally holds that:

If a Pherotelia blooms,
then there are blue point beetles on it.

Cover story causal backward:
At an American university biologists have recently discovered a new tropical plant. The

plant was named Pherotelia. A special kind of beetle, the blue point beetle, brings about the
blooming of the Pherotelia by laying their eggs into the Pherotelia’s leaves and stems.

Stefanie is a German biologist. She assumes that it generally holds that:

If a Pherotelia blooms,
then there are blue point beetles on it.

Cover story noncausal:
At an American university biologists have recently discovered a new tropical plant. The

plant was named Pherotelia. The Pherotelia blooms twice a year. It grows only near the equa-
tor and prefers nutrient-sparse soil. In the area where the Pherotelia grows, rare blue point
beetles can be found too.

Stefanie is a German biologist. She assumes that it generally holds that:

If a Pherotelia blooms,
then there are blue point beetles on it.

3. Mechanical object of art: a) If the light is on, then the song is playing.
b) If the song is playing, then the light is on.
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Cover story causal forward:
Susan is an artist. Sometimes, she creates very unusual objects of art. In the last weeks,

she built a special piece of art for Daniel who is an engineer. The object is made out of steel;
it has approximately the shape and size of a shoe box. If the object is shaken, a lamp inside
lights up. A photometer subsequently activates a little speaker, which then plays a song.

Daniel tells friends about his new object of art. He assumes that it generally holds that:

If the light is on,
then the song is playing.

Cover story causal backward:
Susan is an artist. Sometimes, she creates very unusual objects of art. In the last weeks,

she built a special piece of art for Daniel who is an engineer. The object is made out of steel;
it has approximately the shape and size of a shoe box. If the object is shaken, a song starts
playing, and a sonar subsequently activates a lamp, which then lights up.

Daniel tells friends about his new object of art. He assumes that it generally holds that:

If the light is on,
then the song is playing.

Cover story noncausal:
Susan is an artist. Sometimes, she creates very unusual objects of art. In the last weeks,

she built a special piece of art for Daniel who is an engineer. The object is made out of steel;
it has approximately the shape and size of a shoe box. Sometimes it plays a song, and some-
times a lamp inside lights up.

Daniel tells friends about his new object of art. He assumes that it generally holds that:

If the light is on,
then the song is playing.

4. DNA-mutation: a) If one finds Natrolsan in a rabbit’s body, then one finds the
DNA-mutation.

b) If one finds the DNA-mutation in a rabbit, then one finds
Natrolsan in its body.

Cover story causal forward:
A company for chemical industries named “Science United” has tested a new pesticide

in an isolated Chinese province during the last years. Among other substances, the pesticide
contains the substance “Natrolsan”. The scientists who monitor the field experiments
have now detected that Natrolsan contained in a rabbit’s nutrition elicits a certain new
DNA-mutation in those rabbits.

Angela works for another company for chemical industries named “Biopharma” in the
same region. She assumes that it generally holds that:

If one finds Natrolsan in a rabbit’s body,
then one finds the DNA-mutation.
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Cover story causal backward:
A company for chemical industries named “Science United” has tested a new pesticide

in an isolated Chinese province during the last years. The scientists who monitor the field
experiments have now detected that the pesticide elicits a new DNA-mutation in domestic
rabbits. This mutation brings about that in the rabbit’s body a new substance is produced
called Natrolsan.

Angela works for another company for chemical industries named “Biopharma” in the
same region. She assumes that it generally holds that:

If one finds Natrolsan in a rabbit’s body,
then one finds the DNA-mutation.

Cover story noncausal:
In an isolated Chinese province western researchers of a company for chemical industries

named “Science United” investigate domestic mammals. Some of the biologists are espe-
cially interested in a certain new DNA-mutation in rabbits. A different researcher is a bio-
chemist and works on a recently detected substance called Natrolsan, which can be found in
the body of some species of rodents.

Angela works for another company for chemical industries named “Biopharma” in the
same region. She assumes that it generally holds that:

If one finds Natrolsan in a rabbit’s body,
then one finds the DNA-mutation.

5. Tribal behaviour: a) If a man smokes zenobia herbs, then he suffers from hair loss.
b) If a man suffers from hair loss, then he smokes zenobia herbs.

Cover story causal forward:
Maria is a development worker in South America. As a medical doctor, she is in charge of

the health care of the tribe of the Yamarati-Indians. Many men of this tribe smoke dried
zenobia herbs. To the men’s chagrin the zenobia herbs elicit hair loss.

Maria’s husband Gerd assumes that it generally holds that:

If a man smokes zenobia herbs,
then he suffers from hair loss.

Cover story causal backward:
Maria is a development worker in South America. As a medical doctor, she is in charge of

the health care of the tribe of the Yamarati-Indians. Many men of this tribe smoke dried
zenobia herbs, because they strongly believe that it helps against hair loss.

Maria’s husband Gerd assumes that it generally holds that:

If a man smokes zenobia herbs,
then he suffers from hair loss.
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Cover story noncausal:
Maria is a development worker in South America. As a medical doctor, she is in charge of

the health care of the tribe of the Yamarati-Indians. She is concerned, because many of the
men of the tribe smoke dried zenobia herbs. The adverse health effects of zenobia herbs are
similar to tobacco. A colleague from Germany who is interested in the frequency of hair loss
in different cultures has asked her to note in her patient files which of the patients suffer
from hair loss.

Maria’s husband Gerd assumes that it generally holds that:

If a man smokes zenobia herbs,
then he suffers from hair loss.

6. Computer virus: a) If the PC’s date is 12-24-2001, then the Internet browser’s start-
ing page is www.joke.com.

b) If the Internet browser’s starting page is www.joke.com, then the
PC’s date is 12-24-2001.

Cover story causal forward:
Some days ago the experts responsible for the software security at the agency “Fun

Media” detected that hackers have infiltrated the company’s intranet with a virus. The virus
propagates itself through the e-mail program. The software experts already know that the
virus is activated when the computer’s clock flips to the 12-24-2001. The experts are trying
to find out what kind of damages the active virus then does to the computer. Until now, they
have discovered that the virus changes the internet browser’s starting page to www.joke.com.

Steve works as a market researcher at “Fun Media”. He assumes that it generally holds that:

If the PC’s date is 12-24-2001,
then the Internet browser’s starting page is www.joke.com.

Cover story causal backward:
Some days ago the experts responsible for the software security at the agency “Fun

Media” detected that hackers have infiltrated the company’s intranet with a virus. The virus
propagates itself through the e-mail program. The associated e-mail invites users to visit the
Internet page www.joke.com. Opening the Internet page activates the virus. The experts are
trying to find out what kind of damages the active virus then does to the computer. Until
now, they have discovered that the virus changes the PC’s date to 12-24-2001.

Steve works as a market researcher at “Fun Media”. He assumes that it generally holds that:

If the PC’s date is 12-24-2001,
then the Internet browser’s starting page is www.joke.com.

Cover story noncausal:
Some days ago the experts responsible for the software security at the agency “Fun

Media” detected that hackers have infiltrated the company’s intranet with a virus. The virus
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propagates itself through the e-mail program. The software experts check all computers for
the virus. As documentation they note the PC’s identification figure, the e-mail program
used, the code number of the installed Office version, and of course whether the computer
was infected with the virus.

Steve works as a market researcher at “Fun Media”. He assumes that it generally holds that:

If the PC’s date is 12-24-2001,
then the Internet browser’s starting page is www.joke.com.

7. Social relationship: a) If Katrin inquires with importunity, then Michael retreats into
silence.

b) If Michael retreats into silence, then Katrin inquires with
importunity.

Cover story causal forward:
Katrin and Michael began a couple therapy a year ago. The therapist has noticed that

their relationship and their behaviour during fights follow certain regularities. The therapist
has for example detected that Katrin’s importunate inquiry for the reasons for the conflict
regularly makes Michael retreat into silence.

The therapist discusses the case with her colleague Jan. Jan assumes that it generally
holds that:

If Katrin inquires with importunity,
then Michael retreats into silence.

Cover story causal backward:
Katrin and Michael began a couple therapy a year ago. The therapist has noticed that

their relationship and their behaviour during fights follow certain regularities. The therapist
has for example detected that in conflict situations Michael tends to retreat into silence. This
makes Katrin inquire with importunity for the reasons for the conflict.

The therapist discusses the case with her colleague Jan. Jan assumes that it generally
holds that:

If Katrin inquires with importunity,
then Michael retreats into silence.

Cover story noncausal:
Katrin and Michael began a couple therapy a year ago. The therapist has noticed that their

relationship and their behaviour during fights follow certain regularities. In conflict situations
both show different behaviour patterns. The therapist has noticed that Michael tends to retreat
into silence. Katrin tends to inquire Michael with importunity for the reasons for the conflict.

8. Outer space physics: a) If a probe is high on Philoben gas, then it has at least 22
degrees centigrade.

b) If a probe has at least 22 degrees centigrade, then it is high
on Philoben gas.
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Cover story causal forward:
In the year 4000, a group of outer space explorers detect a new inhabited planet in a foreign

galaxy. First, the researchers address the biophysics of the planet. In many areas the air contains
the gas “Philoben”, which is unknown on earth. This gas absorbs light energy and releases it as
heat. Thus, areas that are rich in Philoben gas have more than 22 degrees centigrade.

Julia is a physicist on earth. She assumes that it generally holds that:

If a probe is high on Philoben gas,
then it has at least 22 degrees centigrade.

Cover story causal backward:
In the year 4000, a group of outer space explorers detect a new inhabited planet in a

foreign galaxy. First, the researchers address the biophysics of the planet. In many areas the
air contains the gas “Philoben”, which is unknown on earth. Philoben gas emerges through
a spontaneous chemical reaction in the atmosphere of the planet, as soon as the temperature
exceeds 22 degrees centigrade.

Julia is a physicist on earth. She assumes that it generally holds that:

If a probe is high on Philoben gas,
then it has at least 22 degrees centigrade.

Cover story noncausal:
In the year 4000, a group of outer space explorers detect a new inhabited planet in a

foreign galaxy. First, the researchers address the biophysics of the planet. In many areas the
air contains the gas “Philoben”, which is unknown on earth.

Julia is a physicist on earth. She assumes that it generally holds that:

If a probe is high on Philoben gas,
then it has at least 22 degrees centigrade.

9. Alarm equipment: a) If the floodlight is on, then the siren is howling.
b) If the siren is howling, then the floodlight is on.

Cover story causal forward:
Paul works as a watchman in an insurance building. He concentrates his attention on

the central vault on the first floor. A very sensitive alarm equipment is installed in the
vault. If, for example, somebody enters the vestibule to the vault, the floodlight is
enabled. The floodlight activates the siren of the alarm equipment, which starts to howl
subsequently.

Paul’s colleague George assumes that it generally holds that:

If the floodlight is on,
then the siren is howling.
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Cover story causal backward:
Paul works as a watchman in an insurance building. He concentrates his attention on the

central vault on the first floor. A very sensitive alarm equipment is installed in the vault. If, for
example, somebody enters the vestibule to the vault, the siren of the alarm equipment starts to
howl. The howling of the siren activates the floodlight, which is switched on subsequently.

Paul’s colleague George assumes that it generally holds that:

If the floodlight is on,
then the siren is howling.

Cover story noncausal:
Paul works as a watchman in an insurance building. He concentrates his attention on the

central vault on the first floor. A very sensitive alarm equipment is installed in the vault. If,
for example, somebody enters the vestibule to the vault, the floodlight is enabled, and the
siren of the alarm equipment starts to howl.

Paul’s colleague George assumes that it generally holds that:

If the floodlight is on,
then the siren is howling.
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TABLE A1
Correlations over Items for causal and arbitrary conditionals

Correlations over items

MTd ACd DAd MPi MTi ACi DAi P(q�p) P(p→q) Excep. Alt.

MPd –causal .81* �.05 .25 .68* .63* �.09 .16 .65* .65* �.72* �.07
MPd –arbitrary .78* .29 .47* .33 .37 .01 .04 .29 .38 �.34 �.16
MTd –causal .16 .26 .58* .55* .06 .26 .55* .58* �.65* �.16
MTd –arbitrary .18 .28 .39 .53* .10 .19 .22 .17 �.34 .00
ACd –causal .63* .00 �.06 .74* .58* .19 .14 �.10 �.79*

ACd –arbitrary .90* .55* .36 .53* .38 .57* .53* �.55* �.75*

DAd –causal .27 .22 .58* .63* .42* .36* �.14 �.61*

DAd –arbitrary .59* .42 .43 .34 .47 .55* �.60* �.80*

MPi –causal .75* �.09 .28 .69* .76* �.77* �.16
MPi –arbitrary .62* .71* .65* .50* .48* �.53* �.58*

MTi –causal .02 .43* .61* .63* �.68* �.23
MTi –arbitrary .53* .62* .50* .21 �.67* �.27*

ACi –causal .75* .11 .02 .04 �.71*

ACi –arbitrary .69* .51* .41 �.53* �.57*

DAi –causal .44* .38* �.30 �.75*

DAi –arbitrary .36 .23 �.49* �.46
P(q�p)–causal .81* �.73* �.30
P(q�p)–arbitrary .85* �.54* �.46
P(p→q)–

causal �.76* �.26
P(p→q)–

arbitrary �.45 �.59*

Excep.–causal .22
Excep–arbitrary .71*

Note: Cell entries show correlations over items for causal (n�36) and arbitrary conditionals (n�18). Correlations
are computed for acceptance rates of inferences and estimates of subjective conditional probability, estimates of degree
of belief in the conditional, estimates of availability of exceptional situations and of alternative situations.

MP � modus ponens, MT � modus tollens, AC � acceptance of the consequent, DA � denial of the
antecedent. The instruction groups are symbolized through a d (deduction) or an i (induction). P(q�p) � subjective
conditional probability of consequent given antecedent. P(p → q) � subjective degree of belief in the conditional.
Excep. � availability of exceptional situations. Alt. � availability of alternative situations.

*p � .05.


