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What makes us believe a conditional?

The roles of covariation and causality

Klaus Oberauer, Andrea Weidenfeld, and Katrin Fischer
University of Potsdam, Germany

Two experiments were conducted to investigate the roles of covariation and of
causality in people’s readiness to believe a conditional. The experiments used a
probabilistic truth-table task (Oberauer & Wilhelm, 2003) in which people
estimated the probability of a conditional given information about the
frequency distribution of truth-table cases. For one group of people, belief in
the conditional was determined by the conditional probability of the
consequent, given the antecedent, whereas for another group it depended on
the probability of the conjunction of antecedent and consequent. There was
little evidence that covariation, expressed as the probabilistic contrast or as the
pCI rule (White, 2003), influences belief in the conditional. The explicit
presence of a causal link between antecedent and consequent in a context story
had a weak positive effect on belief in a conditional when the frequency
distribution of relevant cases was held constant.

When faced with a conditional statement such as ‘‘If a car runs into a wall,
the windshield will break’’ or ‘‘If you smoke, you will get green skin’’ most
people have intuitions about whether to believe or not to believe the claim.
Sometimes we lack the necessary knowledge about the topic (e.g., how
robust the windshield is), but given the relevant information we seem to
have cognitive procedures that evaluate a conditional in light of our
knowledge about the world and return an answer to the question: is it likely
to be true or false? In contrast to the ease with which people judge the
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7 believability of conditionals it has been notoriously difficult to make the

truth conditions of conditionals explicit, both in a normative sense (i.e.,
when should we assign truth or at least a high degree of belief in a
conditional?) and descriptively (i.e., when are people willing to believe a
conditional?). The research presented here is part of an attempt to unravel
how people infer a reasonable degree of belief in a conditional from
unconditional facts; that is, information about what is the case in the
domain the conditional is about. In general, this involves determining
(1) what information people regard as relevant, and (2) what function relates
this information to people’s subjective degree of belief in the conditional.
Our specific interest in this article is what kind of relation between the
antecedent and the consequent of a conditional people perceive as relevant
to the believability of that conditional, and we take covariation and
causation as our model case.

Formally, a conditional is a composite statement linking two elementary
propositions, p and q, through the form ‘‘if p then q’’. It is our working
hypothesis that this linguistic form is associated with a core meaning that
defines minimal truth conditions for every instantiation with particular
propositions p and q. Without a core meaning, people would not be able to
understand basic conditionals (Johnson-Laird & Byrne, 2002); that is,
conditionals for which neither content nor context gives any lead as to how
they should be interpreted (e.g., ‘‘If there is a triangle then there is a circle’’
or ‘‘If the dot is on the left then it is red’’).

One way to define the core meaning of composite statements that has
been elaborated in formal semantics is by means of truth tables. Truth tables
link the truth or falsity of the composite to the truth or falsity of the
elementary propositions. The closest approximation to conditionals in
the context of such compositional theories is the material conditional. The
statement ‘‘if p then q’’ when read as a material conditional is defined to be
true when both the antecedent p and the consequent q are true, or when p is
false and q is true, or when p and q are both false. The only case making the
material conditional false is the combination of true p with false q.

The interpretation of conditionals as material has inspired one important
psychological theory of conditional reasoning, the theory of mental models
(Johnson-Laird & Byrne, 1991, 2002). According to this theory, the meaning
of a composite statement is represented by a set of mental models of the
truth-table cases that are possible when the statement is true; that is, cases
fulfilling the truth conditions of the statement. For basic conditionals the set
of mental models consists of the three truth-table cases for which the
material conditional is true. This core meaning can be modulated by specific
contents and contexts (Johnson-Laird & Byrne, 2002).

The view that conditionals of ordinary language can be interpreted as
material conditionals has been questioned in philosophy for a long time
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7 (for a review see Edgington, 1995). Recently it has also been challenged in

psychology (Evans & Over, 2004; Evans, Over, & Handley, 2005). The
alternative advanced by these and other authors (e.g., Anderson, 1995;
Oaksford & Chater, 2001) is a probabilistic interpretation of conditionals. A
conditional is assumed to express a high conditional probability of the
consequent, given the antecedent. Therefore, the degree of belief in ‘‘if p
then q’’ should be a function of the conditional probability P(qjp).

Support for the hypothesis that people interpret conditionals in this way
comes from a series of experiments with probabilistic truth-table evaluation
tasks (Evans, Handley, & Over, 2003; Oberauer & Wilhelm, 2003). In these
experiments participants were introduced to a population of cases (e.g., a
deck of playing cards) with a known distribution of two features (e.g., the
cards could have the letter A or B printed on them in blue or red, and
participants received the numbers of cards with a red A, the number of cards
with a blue A, and so on). The task was to estimate the probability that a
conditional combining these features (e.g., ‘‘If the card has an A then it is
red’’) is true for a sample drawn at random from the population. The
frequencies of the four combinations of features were varied to test
alternative hypotheses about how the relative frequencies of the four truth-
table cases affected people’s degree of belief in the conditional. The design of
the experiments conducted by Oberauer and Wilhelm (2003) is presented
in Table 1. Two factors were crossed, the frequency of the p & q conjunction
and the ratio of p & q cases to all p cases.

On average, people’s judgements of the probability of the conditional
were most strongly influenced by the ratio of p & q cases to all p cases in the
population, which equals the conditional probability P(qjp). Moreover, both

TABLE 1
Frequency distributions in the design of the probabilistic truth table task used by

Oberauer and Wilhelm (2003) and in Experiment 2

Truth-table case Condition HH Condition HL Condition LH Condition LL

p & q 900 900 90 100

p & not q 100 900 10 100

not p & q 500 100 950 900

not p & not q 500 100 950 900

DP 0.4 0 0.4 0

Causal power 0.8 0 0.8 0

pCI¼P(biconditional) 0.7 0.5 0.52 0.5

Condition HH: high frequency of p & q cases, high P(qjp); HL: high frequency, low P(qjp);
LH: low frequency, high P(qjp); LL: low frequency, low P(qjp). DP refers to the probabilistic

contrast, Causal power is defined as DP/[1-P(qj�p)], and pCI refers to the proportion of

confirming instances.
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7 series of experiments (Evans et al., 2003; Oberauer & Wilhelm, 2003)

revealed that participants could be divided into two groups, one endorsing a
pure probabilistic reading of the conditional, the other showing evidence for
what is often called a conjunctive interpretation (i.e., their degree of belief in
the conditional was a function of the probability of the p & q conjunction).

A MISSING LINK?

Both the mental model account and the probabilistic account leave the
impression that something is missing. The model theory implies that a
conditional is true whenever both antecedent and consequent are true,
regardless of whether there is any connection between them. So for instance
‘‘If Paris is in France then the sum of two odd numbers is an even number’’
is true simply because both component propositions are true. Similarly,
the probabilistic account implies that this conditional is true because the
probability of the consequent, given the antecedent, is 1. Yet intuitively
there is at least something odd about conditionals where there is no relation
whatsoever between antecedent and consequent.

There are at least two ways to augment extant theories of the meaning of
conditionals to capture the intuition that there should be a relationship
between antecedent and consequent; both are related to the concept of
causality, although the relationship they express need not be causal. The first
is a natural extension to the probabilistic hypothesis. One could argue that
for a conditional to be true, or highly believable, the antecedent being true
must significantly increase the probability of the consequent relative to when
the antecedent is false; that is, P(qjp) should be larger than P(qj�p), where �
is to be read as not. This notion is captured by the probabilistic contrast,
defined as the difference between the two conditional probabilities. The
probabilistic contrast expresses a covariation between p and q. Moreover,
the probabilistic contrast lies at the heart of prominent theories of causality
(Cheng, 1997; Cheng & Novick, 1992): A non-zero probabilistic contrast is a
necessary, although not sufficient, condition for inferring a causal link
between antecedent and consequent.

Experiment 1 was designed to test the hypothesis that people’s degree of
belief in a conditional depends on their estimate of the probabilistic
contrast. The probabilistic contrast does not fit nicely with the mental model
theory, but in the context of that theory a related hypothesis has been
discussed; that is, the hypothesis that people often understand a conditional
as a biconditional. Experiment 1 also serves to test this assumption.

The second extension investigated here assumes that a conditional calls
for an intrinsic relationship between antecedent and consequent that goes
beyond the probabilistic structure of the environment. By an intrinsic
relation we mean a relation that hinges on the semantic content of

COVARIATION AND CAUSALITY 343
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7 antecedent and consequent, so that it cannot be expressed purely in terms of

probability distributions ranging over conjunctions of proposition variables
(such as p and q). Some authors have argued for a causal link that it involves
more than a statistical relationship between cause and effect as expressed in
the probabilistic contrast; the concept of causality, they argue, implies a
mechanism that transmits causal power from the cause to the effect (e.g.,
Shultz, 1982). A probabilistic contrast can be high and yet no causal link
might be perceived between p and q, for example when p is ‘‘the present
month has an R in its name’’ and q is ‘‘the weather is cold’’. We are not
aware that a similar claim has been explicitly made about conditionals. A
causal link, however, is often mentioned as one possibility to fulfil the
requirement of a connection between antecedent and consequent by those
who feel uneasy about the idea that any conditional with a true antecedent
and a true consequent is automatically true (e.g., Barwise, 1986). One way to
understand this is that a believable conditional requires a causal mechanism
mediating antecedent and consequent. This assumption leads to the
hypothesis that the presence of a causal link between antecedent and
consequent increases belief in a conditional over and above the effects of
the probabilistic structure of the environment. The notion of an intrinsic
connection can be added on to both the probabilistic hypothesis and the
mental models theory, although Johnson-Laird and Byrne (2002) reject it.
We will investigate this hypothesis in Experiment 2.

EXPERIMENT 1: THE PROBABILISTIC CONTRAST,
THE BICONDITIONAL, AND THE PCI RULE

The first experiment investigates whether the degree of belief in a conditional
depends on the perceived contingency or covariation between antecedent and
consequent. Covariation can be expressed as the probabilistic contrast,
defined as the difference between two conditional probabilities:

DP ¼ PðqjpÞ � Pðqj:pÞ ð1Þ

Covariation is a necessary, though not sufficient, condition for inferring a
causal connection between two variables. The Power PC theory of causality
(Cheng, 1997), for instance, assumes that, for positive values of DP, the
inferred strength of the causal relation between p and q is a function of DP
divided by 1 – P(qj�p). A high probabilistic contrast therefore would be
regarded as necessary for believing the claim ‘‘p causes q’’. Is it also
necessary for believing the conditional ‘‘if p then q’’?

Conditionals with high P(qjp) but a probabilistic contrast of zero often
sound inadequate (e.g., ‘‘If you drink hot milk, your cold will be gone in
three weeks’’), but they are not obviously false. Opinions are divided among

344 OBERAUER, WEIDENFELD, FISCHER
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7 proponents of a probabilistic interpretation of conditionals. Evans and Over

(2004) endorse the view that the degree of belief in a conditional depends
only on P(qjp); the truth-table cases with �p are irrelevant to the
believability of the conditional. Chater and Oaksford (1999), in contrast,
emphasise that P(qjp) should be higher than P(qj�p) to warrant belief in a
conditional.

The hypothesis that the belief in a conditional depends on the
probabilistic contrast has a close relation to the hypothesis that people
often understand a conditional as if it were a biconditional. A biconditional
is a statement of the form ‘‘if and only if p then q’’. Its closest approximation
in propositional calculus is the material equivalence, which is true for the
cases p & q and �p & �q, and false for the other two cases of the truth table.
Researchers have often assumed that participants interpreted a conditional
statement as a biconditional to explain data from deductive inference tasks
(Klauer & Oberauer, 1995) or from classic (i.e., non-probabilistic) truth-
table tasks (Barrouillet, Grosset, & Lecas, 2000).

In the mental model theory the biconditional figures as a set of two
models, one for p & q and the other for �p & �q (Johnson-Laird & Byrne,
1991). According to the model theory, the probability of a statement is equal
to the proportion of cases that match the mental models used to represent
that statement (Johnson-Laird, Legrenzi, Girotto, Legrenzi, & Caverni,
1999). The probability of a biconditional therefore equals the proportion of
the p & q cases plus �p & �q cases out of all cases. The biconditional in the
theory of mental models has a close relationship to the probabilistic contrast:
The two cases fulfilling the truth conditions of a biconditional are those that
increase DP; a high proportion of p & q increases P(qjp) and a high
proportion of �p & �q decreases P(qj�p). Therefore, the probability of a
biconditional should closely track DP. It should be noted, however, that the
two are not formally equivalent. Instead, the probability of the biconditional
is equivalent to an alternative hypothesis about what determines people’s
judgements of causal strength: the pCI rule (for proportion of Confirming
Instances) proposed by White (2003). The pCI is defined as the proportion of
cases that confirm the hypothesised contingency between p and q; that is, the
proportion of p & q and �p & �q among all cases.

In the context of a probabilistic theory of conditionals, the biconditional
cannot be defined as the material equivalence. Evans and Over (2004) have
argued that biconditional interpretations of conditionals arise from
pragmatic implicatures suggested by the content or context of a conditional.
These implicatures motivate adding a second conditional to the explicitly
stated one. This generates one of two variants of a biconditional reading,
one in which the conditional ‘‘if p then q’’ is complemented by its converse,
‘‘if q then p’’, and another one in which ‘‘if p then q’’ is complemented by its
inverse, ‘‘if not p then not q’’. The second variant results in the conjunction

COVARIATION AND CAUSALITY 345
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7 of a conditional stating that P(qjp) is high and one stating that P(�qj�p) is

high. Together this implies that the probabilistic contrast is high. To the
degree that people spontaneously interpret a given conditional as a
biconditional of the second variant, their degree of belief in the conditional
should depend on P(qj�p) as well as on P(qjp) in the way prescribed by the
probabilistic contrast. Evans and Over (2004) assume that implicatures are
triggered by pragmatic content and context, and thereby it is unlikely that
they occur spontaneously for basic conditionals. However, people often
make inferences from basic conditionals (e.g., denial of the antecedent:
inferring ‘‘not q’’ from ‘‘if p then q’’ and ‘‘not p’’) that Evans and Over
(2004) attribute to pragmatic implicatures. Therefore it is important to
investigate whether people spontaneously enrich the interpretation of basic
conditionals by adding the inverse or the converse.

Experiments with the design in Table 1 provide some information on
whether people rely on biconditional mental models (i.e., use the pCI rule),
because the pCI rule predicts an interaction of the frequency of p & q with
P(qjp), as shown in the bottom row of Table 1. No such interaction has been
observed so far (Oberauer & Wilhelm, 2003), so this account is unlikely to
apply to people’s degree of belief in a conditional. The design in Table 1,
however, is uninformative about the role of P(qj�p) because the ratio of
�p & q cases to �p & �q cases was deliberately held constant. A recent series
of experiments by Over, Hadjichristidis, Evans, Handley, and Sloman
(2007) provides first data on this issue. Instead of presenting frequency
information for artificial basic conditionals, they used people’s pre-existing
beliefs associated with realistic conditionals (e.g., ‘‘If global warming
continues, London will be flooded’’). In the first phase participants were
asked to rate the probabilities of the four cases of the truth table for a
conditional (e.g., the probability of ‘‘Global warming continues and London
will be flooded’’); the conditional itself was not presented in this phase. In
the second phase they were asked to rate the probability of the conditional
itself. The ratings for the probability of the conditional were regressed on
several predictors computed from the probability ratings of the truth-table
cases. The best predictor was P(qjp), supporting again the probabilistic
hypothesis. The second term of the probabilistic contrast, P(qj�p), became
a significant predictor in Experiment 1 but not in Experiment 2 when
evaluated through regression equations for individual participants. In a
regressions analysis for mean ratings across participants, P(qj�p) also
became a significant predictor in Experiment 2. Its beta weight, however,
was weak in all cases.

These results do not unambiguously answer the question whether the
meaning of a conditional implies a positive probabilistic contrast or merely
a high P(qjp). The effect of P(qj�p) on the belief in the conditional was
clearly weaker than that of P(qjp), but this is a pattern also well known from

346 OBERAUER, WEIDENFELD, FISCHER
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7 studies investigating causal induction and ratings of causal strength (e.g.,

Mandel & Lehman, 1998): People tend to give cases where the cause is
absent less weight in their estimates of causal strength than cases where the
cause is present. When Over et al. (2007) asked participants to evaluate the
causal strength of the conditionals in their Experiment 2, P(qj�p) was as
weak a predictor for these ratings as it was for the belief in the conditional.
The failure to obtain a consistently significant effect of P(qj�p) could be due
to insufficient statistical power. It is important therefore to investigate this
issue with a sufficiently large sample size to estimate the effect size of P(qj�p)
on belief in the conditional with high precision. This is the goal of
Experiment 1, in which we used a design similar to that in Table 1 but
extended it to include a variation of P(qj�p) as a third independent factor.

The design of Experiment 1 is presented in Table 2. We varied three
factors: (1) the frequency of p, (2) the ratio of p & q to p & �q, which
determines P(qjp), and (3) the ratio of �p & q to �p & �q, which determines
P(qj�p). The frequency factor in this design refers to the frequency of all p
cases, not to the frequency of p & q as in the previous studies (see Table 1).
As can be seen in Table 2, the manipulation of the frequency of p entails
a manipulation of the frequency of the p & q case, which is relevant for
assessing whether participants endorse a conjunctive interpretation of the
conditional. We changed the frequency factor to obtain a manipulation that
preserves the symmetry between the p cases and the �p cases in the design.
This was important because it can be argued that the relevance of P(qjp) and
P(qj�p) for the assessing the causal contrast depends on the relative
frequencies of p and q (Over & Green, 2001), and also because we wanted to
equate the two conditional probabilities as much as possible on factors such
as their salience and their ease of computation. A further motivation for the
symmetric variation of the frequency of p was that the pCI rule proposed by

TABLE 2
Frequency distributions in the design used in Experiment 1

Truth-table case H-HH H-HL H-LH H-LL L-HH L-HL L-LH L-LL

p & q 800 800 450 450 90 90 50 50

p & not q 100 100 450 450 10 10 50 50

not p & q 50 10 50 10 450 100 450 100

not p & not q 50 90 50 90 450 800 450 800

DP 0.39 0.79 0 0.4 0.4 0.79 0 0.39

Causal power 0.78 0.87 0 0.44 0.8 0.89 0 0.44

pCI¼P(biconditional) 0.85 0.89 0.5 0.54 0.54 0.89 0.5 0.85

Conditions (top row), first letter: frequency of p (H¼ high, L¼ low); second letter: P(qjp), third
letter: P(qj�p). DP refers to the probabilistic contrast, pCI to the proportion of confirming

instances; causal power is defined as DP/[1-P(qj�p)].

COVARIATION AND CAUSALITY 347
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7 White (2003) predicts a larger effect of P(qj�p) when �p cases are more

frequent (see the bottom row of Table 2).
The numbers used are a result of trying to jointly achieve four goals: (1)

The three factors should vary independently within a constant population
size. (2) The two conditional probabilities should vary between a baseline of
0.5 and a more extreme value that increases the probabilistic contrast
relative to that baseline, that is a value close to 1 for P(qjp) and a value close
to 0 for P(qj�p). (3) We wanted to use numbers that made it easy to
calculate all potentially relevant probabilities. (4) We wanted to use the
same numbers to operationalise P(qjp) and P(qj�p). The resulting design did
not accomplish full independence of frequency of p and P(qjp) but we believe
that this is a small sacrifice because the interaction of these factors was not
of focal interest here. Moreover, the deviation was only minor in that P(qjp)
was .889 in the conditions with high frequency of p and .9 in the conditions
with low frequency of p.

The eight conditions in Table 2 were complemented by a ninth condition
with the following frequencies: 90 p & q, 10 p & �q, 900 �p & q, and 0 �p &
�q. In this condition, P(qj�p)¼ 1, thereby maximising the difference to the
low value of the design (0.11 in the corresponding condition L-HL), so that
even a small effect of manipulating P(qj�p) could be detected by comparing
the extreme conditions.

Method

Participants. The experiment was conducted through the Internet to
recruit a large and diverse number of participants. A total of 1447 people
completed the experiment. They received feedback about the purpose of the
experiment via e-mail; psychology students from the University of Potsdam
were invited to participate for course credit.

The following criteria were used to exclude participants: Incomplete data
(n¼ 397), probability ratings exceeding the limits of 0 and 100 (n¼ 50),
participants who answered yes to the question whether they had participa-
ted in this experiment before (n¼ 49), and cases with IP numbers identical
to one used before in that experiment (n¼ 125). The latter criterion is a very
conservative means to avoid repeated participation because it also excludes
different people using the same computer. The final sample consisted of
806 participants: 231 of them completed the German version and 563
completed the English version; 298 were assigned to the standard and 508
to the reversed order group (see below). Mean age was 24.8 years, ranging
from 9 to 70 years (three reported values of 2, 100, and 187 years were
excluded from this statistic), and 47.4% of participants were male; 386
indicated that they were psychology students (at Potsdam or another
university).

348 OBERAUER, WEIDENFELD, FISCHER
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7 Materials and procedure. All factors were varied within subjects, with

the order of conditions in Table 2 determined at random for each
participant, and the extra condition added at the end. At the beginning
participants read the following instruction (or its German translation):

On the following pages you will find nine problems which deal with probability
estimation. The topic is always a set of fantasy playing cards. Every problem
contains one question that should be solved with the help of the information

provided. Answers should be simple, complicated calculations are not
necessary. If you can’t give a precise answer give a best possible estimation.
Answer every question with a value between 0¼ absolutely impossible and

100¼ definitely/absolutely sure. The nine problems appear to be very similar.
But they differ in the information about the playing cards given in the
beginning. Please read the provided information about the playing cards

carefully.

Each problem was then presented on a separate page; participants were
instructed not to use the back button on their browser. On each page
participants saw a brief introductory text: ‘‘Imagine you get a set of playing
cards containing 1000 cards. Every card has either a dragon or a unicorn
imprinted. The mythical creatures are either blue or red. Furthermore
the following is known about the 1000 cards:’’ This was followed by
the frequency information listed in four rows reading, for example, ‘‘100
cards have a red unicorn’’. Two orders of the frequency information
were realised, varying between participants; the first 298 participants
received the information in the standard order as in Table 2 (top to
bottom); all later participants (n¼ 506) received the pairs determining the
two conditional probabilities in the reverse order: �p & q, �p & �q, p & q,
p & �q.

Below the frequency information the following question was presented:
‘‘Now 50 cards are drawn at random from the set. Somebody says (without
having seen those cards) that the following statement is true for the 50 cards:
If the animal on the card is a dragon, then the animal is red. How likely
(between 0 and 100) do you think the rule is true?’’ Participants typed their
answer into an empty slot and then clicked on a button to continue to the
next page.1

1We asked for the probability that the conditional is true in a sample of 50 from the

population because it has been argued from a frequentist view of probabilities that probabilities

of single events are undefined (Gigerenzer, 1996). Others have asked for the probability of a

conditional applied to a single event (Evans et al., 2003), with virtually the same results. We

have varied the sample size between 10 and 100 and found little effect on people’s estimates of

the probability of the conditional (Oberauer, Geiger, Fischer, & Weidenfeld, 2007).
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Results

All statistical inferences are based on an alpha of .05. Effect sizes are given
as partial Z2, defined as SSeffect divided by SSeffectþ SSerror; p values5 .001
are not explicitly reported.

The probability ratings for the conditional were submitted to an analysis
of variance (ANOVA) with frequency of p (high vs low), P(qjp) (high vs
low), and P(qj�p) (high vs low) as within-subject factors and presentation
order (standard vs reversed) as between-subject factor. There was a main
effect of the frequency of p, F(1, 804)¼ 400.9, partial Z2¼ .33, a main effect
of P(qjp), F(1, 804)¼ 1596.5, partial Z2¼ .67, and an interaction of these two
factors, F(1, 804)¼ 63.0, partial Z2¼ .07. No other effect was significant (all
F5 1, with the exception of the P(qjp)6Order interaction, F¼ 1.9, p¼ .17,
partial Z2¼ .002). The mean ratings for the probability of the conditional are
given in Table 3.

We computed individual indices reflecting the main effects of the three
factors in the design of Table 2. The frequency index reflects an individual’s
sensitivity to a manipulation of the frequency of p; the affirmative-ratio index
reflects sensitivity to a manipulation of P(qjp); that is, the probability of q
when the antecedent is affirmed—the negative-ratio index reflects sensitivity
to a manipulation of P(qj�p); that is, the probability of q when the
antecedent is negated. The indices were defined as:

Frequency ¼ ðH-HHþH-HLþH-LHþH-LLÞ
� ðL-HHþ L-HL þ L-LHþ L-LLÞ;

Affirmative ratio ¼ ðH-HHþH-HLþ L-HHþ L-HLÞ
� ðH-LHþH-LL þ L-LHþ L-LLÞ;

Negative ratio ¼ ðH-HHþH-LHþ L-HHþ L-LHÞ
� ðH-HLþH-LL þ L-HLþ L-LLÞ:

In these equations, each three-letter code stands for the rated degree of
belief in a conditional in one condition (H¼ high, L¼ low), the first letter

TABLE 3
Subjective probability of the conditional in Experiment 1 by frequency

of p and P(qjp)

P(qjp) high P(qjp) low

Frequency of p high 75.2 (19.7) 47.3 (16.5)

Frequency of p low 51.8 (35.1) 31.6 (20.8)

Standard deviation in parentheses.
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P(qj�p). The means and 95% confidence intervals of these indices were
78.04 (7.36) for the frequency index, 96.12 (4.60) for the affirmative-ratio
index, and 7.16 (2.80) for the negative-ratio index.

To obtain the strongest contrast possible within our design for the effect
of P(qj�p) we took into account the ninth condition added to the design,
with frequencies of 90, 10, 900, and 0 for the four rows of the truth table
(from top to bottom in Table 2). This condition can be directly compared to
conditions L-HH and L-HL, from which it differs only with regard to
P(qj�p). The belief ratings from these three conditions were submitted to an
ANOVA with P(qj�p) as a factor with three levels over which a linear
contrast was computed to increase power, and presentation order as a
second factor. Although the ninth condition, with P(qj�p)¼ 1, had the
lowest probabilistic contrast of these three conditions, the probability of
the conditional was rated slightly higher in that condition (53.7) than in the
other two (51.7). The linear contrast over P(qj�p) just failed to become
significant, F(1, 805)¼ 3.36, p¼ .067. Thus, even with a strong manipulation
of P(qj�p), there was no evidence that the probability of a conditional
increased when the probabilistic contrast increased.

Previous research with the probabilistic truth-table task has revealed two
categories of rating patterns (Evans et al., 2003; Oberauer &Wilhelm, 2003).
One group of participants relied exclusively on P(qjp) for rating belief in the
conditional while ignoring the frequency of the p & q conjunction; another
group relied only on the frequency of p & q and ignored P(qjp). The present
data replicated the separation of participants into two distinct groups who
seem to have applied different truth conditions to the evaluation of the
conditional. This analysis, which is not the central focus of the present
article, can be found in the Appendix.

CONTROL EXPERIMENT: JUDGEMENTS OF CAUSALITY

We conducted a control experiment asking for judgements of causal
strength with the same design.

Method

Participants. The control experiment was again run through the
Internet. After applying the same selection criteria as above, there remained
data sets from 117 participants (78 men, 39 women, age range 14 to 59
years).

Materials and procedure. Design and procedure were as for Experi-
ment 1. Two features were changed in the materials. First, instead of asking
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about the probability of the conditional, we asked participants to judge the
strength of the causal relationship between p and q. Second, to make a
causal link more plausible, we cast the task in a scenario of drugs tested for
side effects. Nine drug names were invented (e.g., ‘‘Lyosol’’), and each name
was assigned at random to one of the nine tasks (one for each of the nine
frequency tables). Participants were instructed that they were to judge the
strength with which taking the drug (p) leads to side effects (q) on a scale
from 0 to 100.

Results

The main effects of all three factors were significant, F(1, 115)¼ 115, partial
Z2¼ .381, for the frequency of p, F(1, 115)¼ 281.8, partial Z2¼ .710, for
P(qjp), and F(1, 115)¼ 35.6, partial Z2¼ .236, for P(qj�p). The causal
strength ratings are summarised in Table 4. Causal strength estimates
increased with P(qjp) and decreased with P(qj�p), as would be expected if
people based their judgements on the probabilistic contrast, causal power,
or the pCI rule. As is typical for causal strength estimates, the effect of
P(qjp) was larger than that of P(qj�p). A new finding is that causal strength,
like the probability ratings of conditionals, is affected by the frequency of p
in addition to the two conditional probabilities.

Discussion

The results were very clear: Ratings of the probability of a conditional
depended mostly on the ratio of p & q to all p cases, that is, the conditional
probability P(qjp), in line with the probabilistic hypothesis. A second factor
with about half the effect size was the frequency of p. This pattern replicates
previous findings with a similar design (Evans et al., 2003; Oberauer &
Wilhelm, 2003).

The important new finding is that the second component of the
probabilistic contrast, P(qj�p), had no effect on people’s degree of belief

TABLE 4
Estimated strength of causal relationship in the control experiment to Experiment 1 by

frequency of p, P(qjp), and P(qj�p)

P(qjp) high,

P(qj�p) high

P(qjp) high,

P(qj�p) low

P(qjp) low,

P(qj�p) high

P(qjp) low,

P(qj�p) low

Frequency of p high 75.6 (17.9) 79.4 (17.0) 39.4 (22.1) 50.4 (19.2)

Frequency of p low 51.3 (31.6) 59.1 (35.2) 24.5 (22.0) 39.5 (24.3)

Standard deviation in parentheses.
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7 in the conditional. We can be highly confident of this null result because

the confidence intervals around the negative-ratio index are extremely
narrow. We conclude that P(qj�p) is irrelevant for people’s judgements of
how likely a conditional is true. This conclusion is in line with previous
results with the non-probabilistic version of the truth-table evaluation task
(Johnson-Laird & Tagart, 1969). In these experiments participants often
judged the �p & q case and the �p & �q case as irrelevant to the truth or
falsity of a conditional. In contrast, judgements of causal strength based
on the same frequency information showed an effect of P(qj�p) which,
though smaller than the effect of P(qjp), was clearly significant despite the
sample size being smaller in the control experiment than in the main
experiment. Together, these findings provide a clear dissociation of
judgements of believability of a conditional and judgements of causal
strength.

We conclude that the probabilistic contrast is not a good model for the
psychological meaning of conditionals. This contradicts the formal model of
Oaksford, Chater, and colleagues (Chater & Oaksford, 1999; Oaksford &
Chater, 2001; Oaksford, Chater, & Larkin, 2000), in which the conditional is
conceptualised as a contingency between p and q; that is, a positive
probabilistic contrast. Oaksford and Chater (2001) defined the meaning of a
conditional by a contingency table that arranges the four truth-table cases in
a 26 2 matrix (see Table 5). A conditional is represented as a positive
contingency between p and q. In the context of explaining people’s responses
in the Wason card-selection task (Oaksford & Chater, 2003), this so-called
dependence model is contrasted with an independence model with the same
marginal sums (i.e., the same probabilities of p and q) but zero contingency.
The constraint of constant marginal sums implies that when the contingency
between p and q is to increase, an increase in the relative frequency of p & q
must be balanced by an equal increase in �p & �q (and corresponding
decreases in the other two cells), otherwise the marginal sum of �q would
change (see Table 5, left and middle panel). This means that as P(qjp)

TABLE 5
Contingency tables for the independence model and two versions of the dependence

model

Independence model

Dependence model

(Oaksford & Chater)

Revised dependence

model

q �q S q �q S q �q S

p 100 100 200 190 10 200 190 10 200

�p 100 100 200 10 190 200 100 100 200

S 200 200 200 200 290 110
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7 increases, P(qj�p) must decrease. Oaksford and Chater do not make explicit

assumptions about what determines people’s degree of belief in a
conditional, but their model implies that a situation where the conditional
is true (i.e., a positive contingency exists) is characterised by a larger
probabilistic contrast than a situation where the conditional is false (i.e., no
positive contingency exists). One implication of this view is that a
conditional can be believable even when P(qjp) is low, as long as P(qj�p)
is even lower. As Oaksford and Chater (2003, p. 308) argue, ‘‘many people
believe quite strongly that allowing children to walk home from school
increases their chances of being abducted, although the probability of being
abducted while walking home from school is tiny. That is, the probability of
exceptions and the degree of belief in a rule can be independent’’. However,
the present results clearly demonstrate that they are not independent:
Degree of belief in a conditional rule depends on the probability of
exceptions, not on the probabilistic contrast. Applied to the abduction
example, this means that people might well believe that letting a child walk
home from school increases the probability of abduction, but still not
believe the conditional, ‘‘If a child walks home from school, it will be
abducted’’.

Our results imply that the formal model of conditionals in the theory of
Oaksford and Chater must be revised such that a conditional is believable to
the degree that P(qjp) is high, implying that the probability of exceptions is
low. One obvious way to do this is illustrated in the right panel of Table 5.
Here, the reduction of p & �q cases in the dependence model (relative to the
independence model) is compensated by increasing the frequency of the p &
q cases. This holds the marginal sum of p constant but not the marginal sum
of q. A straightforward way to parameterise this model would be through
three parameters: the probability of p, P(qjp), and P(qj�p). How well the
revised model fits people’s reasoning behaviour remains to be tested.

Another implication of our results is that people don’t spontaneously
understand a basic conditional (i.e., a conditional with sparse content and
context) as a biconditional in the sense of the mental models theory. Also,
they don’t spontaneously complement the given conditional by adding ‘‘if
not p then not q’’. They might still do so in richer contexts, for example
when the conditional expresses deontic relations such as permissions,
obligations, promises, or threats (Evans & Twyman-Musgrove, 1998). Over
et al. (2007) found some evidence for an influence of P(qj�p) on the
evaluation of causal conditionals, which they interpret as reflecting
pragmatic additions of the inverse, but the effect was weak. The finding
that basic conditionals are not spontaneously understood as biconditionals,
or complemented by their inverse, creates a challenge for the explanation of
people’s reasoning patterns. In particular, people often endorse the denial of
the antecedent argument, where the premises are ‘‘if p then q’’ and ‘‘not p’’
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participants when basic conditionals are used (for a review see Evans, 1993).
The theory of mental models accounts for this inference by assuming that
reasoners represent the conditional premise as a biconditional; Evans and
Over (2004) account for it by assuming that reasoners add the inverse, ‘‘if
not p then not q’’, to the conditional premise. In light of our results, these
explanations can only be upheld if we add the assumption that people’s
interpretation of a conditional in the context of an inference task differs
from their interpretation in the context of the probabilistic truth-table
evaluation task. Theories of conditional reasoning will have to specify the
principles that make people interpret the conditional as a biconditional, or
as implying the converse, in the context of one task but not another.

The results of Experiment 1 also rule out any account that assumes that
basic conditionals are understood as expressing a causal relation between
antecedent and consequent. Theories of how people infer causality and
estimate causal strength rely on DP or some derivative of it, such as causal
power (Cheng, 1997), or on the pCI rule. All these formulae are sensitive to
P(qj�p), as illustrated in the bottom lines of Table 2. Understanding ‘‘if p
then q’’ as ‘‘p causes q’’ therefore predicts an effect of P(qj�p) on the degree
of belief in the conditional, contrary to what we found. Experiment 2 will
address the role of causality for the belief in a conditional more directly.

EXPERIMENT 2: CAUSAL LINKS

The hypothesis that the believability of a conditional depends on the
probabilistic contrast has failed. And yet there is the intuition that
antecedent and consequent must be somehow related to make a conditional
convincing. One way to conceptualise this intuition is to assume that an
intrinsic link between antecedent and consequent is part of the core meaning
of if, and its absence therefore has a negative effect on the believability of a
conditional.

Johnson-Laird and Byrne (2002) discussed the idea of an intrinsic link
and rejected it. They argue that one can assert a conditional and deny any
intrinsic connection without contradiction, as in ‘‘if there was a triangle on
the board, then there was a circle on the board, though there was no relation
between the two . . . they merely happened to co-occur’’ (p. 651). We
acknowledge that this is no contradiction, but people might still have a
lower degree of belief in this conditional compared to one with an intrinsic
connection between the triangle and the circle when they are asked to
express belief on a continuous scale. This hypothesis was tested in
Experiment 2.

The question we wish to investigate is whether the presence of some
intrinsic link belongs to the core meaning of if. . .then. A causal link is one
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consequent. The hypothesis is not that causality itself belongs to the core
meaning. It is obvious that causality as such cannot belong to the core truth
conditions of conditionals, since there are doubtlessly true conditionals
without any causality involved; for instance, ‘‘If an integer is a prime
number, then its successor is not a prime number’’ (the intrinsic link here
would be a logical one). We use causality here as one instantiation of the
notion of an intrinsic link.

In an experiment using pseudo-naturalistic conditionals Weidenfeld,
Oberauer, and Hörnig (2005) asked for ratings of subjective probability of
the same conditionals embedded in three different context stories, one
introducing a forward causal relation between antecedent and consequent
(i.e., the antecedent caused the effect), one with a backward causal relation
(i.e., the consequent caused the antecedent), and one without any causal
relation. Conditionals with causal context stories, both forward and
backward, were rated as more likely than the same conditionals without
causal context stories.

In that experiment, the contribution of the causal link could have been
simply to increase people’s subjective P(qjp), or their subjective estimates
of the probabilistic contrast, which in turn affected their belief in the
conditional. The hypothesis we wish to investigate here is whether the
presence of a causal link affects people’s degree of belief in a conditional
over and above any effect of the probability distribution of the relevant
truth-table cases. In other words, are people more willing to believe ‘‘if p
then q’’ when they are informed that p causes q than without such
information when we hold P(qjp), P(qj�p), and the probability of the p & q
conjunction constant? If the answer is yes, this would imply that the
meaning of a conditional cannot be reduced to a proposition about the
probabilistic distribution of the truth-table cases, and instead give credibility
to the claim that an intrinsic connection between antecedent and consequent
is necessary to fulfil the truth conditions of a conditional.

We used the pseudo-naturalistic conditionals developed by Weidenfeld
et al. (2005) that enabled us to vary the presence of a causal link through the
context story while holding the content of the conditional constant. The
experimental design was closely modelled after Oberauer and Wilhelm
(2003). Participants read a conditional as part of a context story that invited
either a causal or a noncausal interpretation of it. They received frequency
information about the four cases of the truth table according to one of the
four conditions in Table 1. One group was asked to rate the probability of
the conditional; another group rated the conditional probability of the
consequent, given the antecedent.

The latter group was run because most people’s estimates of the
probability of the conditional were found to follow closely their estimates of
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causal link affects belief in a conditional over and above the probabilistic
structure of the domain, then the effect of the causal link on rated belief in
the conditional should be larger than on estimates of the conditional
probability. This implies an interaction between presence of a causal link
and the type of question. A main effect of causal link without an interaction
with the type of question would be much less convincing because it could be
explained by an effect of the causal link in the context story on people’s
estimates of conditional probability, which then in turn affects their belief in
the conditional. An effect of the causal link on estimated conditional
probability could trivially be explained by assuming that some participants
did not use the frequency information as their only source to estimate the
conditional probability—either because of sloppy processing or because
they assumed, quite rationally, that the probability distribution in a
population is not the same as the frequency distribution in a sample.

Method

Participants. The experiment was again run through the Internet.
Complete data sets with valid ratings (i.e., entries between 0 and 100) were
obtained from 648 individuals. Data sets were eliminated if participants
indicated that they had done this experiment before (n¼ 14) or when the IP
number had already been used before (n¼ 39). This left data from 595
participants, 38.1% male, reported age ranging from 6 to 58 with a mean of
27.4. The experiment was run only in German. Potsdam psychology
students were again invited to earn partial course credit by participating in
the experiment.

Design, materials, and procedure. The design crossed four factors. Two
of them concerned the frequency information given with each conditional,
frequency of p & q and P(qjp), as shown in Table 1. The other two factors
were the presence or absence of a causal link suggested by the context story,
and the question asked (probability of the conditional or conditional
probability). The two factors in Table 1, frequency of p & q and P(qjp), were
varied within subjects, the other two factors were varied between subjects.
There were 380 participants who rated the probability of the conditional
(182 with and 198 without causal link), and 215 rating the conditional
probability (104 with and 111 without causal link). Presence or absence of
the causal link was determined at random for each participant; the two types
of questions were asked during two different time periods over which the
experiment was online.

The material consisted of nine pseudo-natural conditionals from
Weidenfeld et al. (2005). The conditionals were embedded in realistic
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diseases, sounds, etc., but fictional concrete concepts linked in an arbitrary
way such that no prior knowledge has direct bearing on the believability
of the conditional or suggests a causal link between antecedent and
consequent. Each conditional was combined with one of two context stories,
one introducing a causal relationship between antecedent and consequent
(only forward causal links were used), whereas the other was causally
neutral. The study of Weidenfeld et al. (2005) included a check on whether
people spontaneously interpreted the causally neutral conditionals as causal.
On average, 12% of participants interpreted the neutral conditionals as
meaning ‘‘p causes q’’, 8% as ‘‘q causes p’’, 52.7% as ‘‘neither one causes the
other’’, and 27.4% as ‘‘there is a third common cause’’ (N¼ 376). In what
follows we give an example—for a full documentation of the nine
conditionals and their context stories see Weidenfeld et al. (2005).

The context story first introduced a fictional chemical plant that produces
a pesticide which sometimes leads to a certain DNA mutation in rabbits.
According to the causal story, the consequence of this mutation is that a
substance called ‘‘Natrolsan’’ is produced in the blood of the rabbits. In the
noncausal story, Natrolsan and the DNA mutation are measured
independently by two teams of scientists. In both cases the conditional is
then introduced as a hypothesis brought up by a protagonist, for example:
‘‘Angela is a scientist working for another chemical company in the same
region. She assumes that the following holds in general: ‘If a rabbit has the
DNA mutation, then one finds Natrolsan in its blood’.’’

This was followed by the frequency information that was collected by
another protagonist of the story, for instance (for the condition HH):

Among rabbits tested so far by the chemical company, researchers have found
the following:

900 rabbits had the DNA mutation and had Natrolsan in their blood,

100 rabbits had the DNA mutation and had no Natrolsan in their blood,

500 rabbits did not have the DNA mutation and had Natrolsan in their blood,

500 rabbits did not have the DNAmutation and had no Natrolsan in their blood.

Unlike Experiment 1, the order in which the frequencies of the four truth-
table cases was given was constant throughout this experiment, because we
were not concerned with the relative weight of the information about the
four cases.

Four questions were displayed below the frequency information. For one
group of participants, the first question asked for a rating of the probability
of the conditional: ‘‘What do you think how likely it is that Angela’s
assumption is true?’’ The second group was instead asked about the
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7 conditional probability: ‘‘A rabbit is taken at random from the stables of the

chemical plant, and it turns out that it has the DNAmutation. How likely do
you think it is that it has Natrolsan in its blood?’’ Participants entered a
number between 0 and 100. The second question (in both groups) requested a
rating of causality and causal strength: ‘‘Do you think Angela’s assumption
describes a causal relation?’’ People could either answer no or otherwise
indicate the strength of the causal relation on a 5-point scale. The third and
fourth questions asked about potential counterexamples and alternative
antecedents for the conditional, respectively. Data from these questions will
not be considered here.

The procedure was the same as in Experiment 1. After a general
introduction, participants completed four sets of questions, each with a
different conditional and context story selected at random without
replacement from the set of nine stories in the appropriate causal-link
condition. Each story and conditional was combined with one of the four
frequency distributions in Table 1 and their order was determined at
random for each participant. Each story was presented on a separate page
together with the four questions concerning it.

Results

We submitted participants’ probability ratings to an ANOVA with question
(probability of the conditional vs conditional probability) and causal link
as between-subjects factors, and frequency of p & q and P(qjp) as within-
subjects factors. There were significant main effects of the frequency of p & q,
F(1, 591)¼ 134.2, partial Z2¼ .19, and of P(qjp), F(1, 591)¼ 308.6, partial
Z2¼ .34. These factors did not interact (F5 1). Ratings of the conditional
probability of the consequent, given the antecedent, were higher than ratings
of the probability of the conditional (mean¼ 57 vs 44), F(1, 591)¼ 60.1,
partial Z2¼ .09, and the kind of question did not interact with the frequency
of p & q or with P(qjp). So far, the results perfectly replicate previous findings
with the design in Table 1 (Oberauer & Wilhelm, 2003). The new factor,
presence of a causal link, had a weak main effect that became significant only
when tested one-tailed, F(1, 591)¼ 3.02, partial Z2¼ .005, p¼ .04. The effect
was somewhat stronger in the group of participants that rated the
believability of the conditional, F(1, 378)¼ 4.77, partial Z2¼ .012, p¼ .015
(one-tailed), whereas it was nonexistent in the group that rated the
conditional probability, F5 1. Nonetheless, in the overall analysis the inter-
action between question and causal link was not significant, F(1, 591)¼ 1.16.
The causal link factor also did not interact with any other factor, although
the interaction of frequency of p & q, question, and causality approached
significance with F(1, 591)¼ 3.14, partial Z2¼ .005, p¼ .08. The ratings of
conditional probability and of belief in the conditional are displayed in
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7 Figure 1. An analogous ANOVA by conditionals instead of by subjects (i.e.,

treating the nine conditionals as cases) led to the same pattern of results and
therefore is not reported in detail.

The next set of analyses focuses on the ratings of causal strength as
dependent variable. The same question has also been asked in the study of
Weidenfeld et al. (2005), and these as yet unpublished data are reported
here as a manipulation check for the variation of causality in the materials.
The first question was whether participants who read about a causal link in
the context story responded more often that the conditional expressed a

Figure 1. Ratings of conditional probability (dotted lines) and of the probability of the

conditional (continuous lines), for conditionals with and without causality in the context story,

and for the four frequency distributions in Table 1. HH: high frequency of p & q, high P(qjp);
HL: High frequency of p & q, low P(qjp); LH: low frequency of p & q, high P(qjp), LL: low
frequency of p & q, low P(qjp). Error bars are 95% confidence intervals.
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7 causal relationship than those who did not read about a causal link. In the

Weidenfeld et al. study, 83.0% of conditionals with a causal context story
were judged as expressing a causal relation, compared to 48.5% of con-
ditionals with a causally neutral context story, w2(1, N¼ 1740)¼ 229.7.
Among those rated as causal, the conditionals with a causal context story
received higher strength ratings than those with a neutral context story (mean
ratings of 3.91 vs 3.23), Z¼77.8, p5 .001. In the present data the picture
was strikingly different. Only 63.6% of conditionals with a causal link in the
context story were rated as expressing a causal link, compared to 59.4% of
conditionals with causally neutral context stories, w2(1, N¼ 2380)¼ 4.51,
p¼ .03. Among those conditionals rated as causal the estimated strength did
not differ between conditionals with and without causal link in the context
story, Z¼7.13, p¼ .90, mean causal strength¼ 3.39. In the context of the
present experiment, the manipulation of causality through the context story
did not work as it did in the previous study.

The most conspicuous difference between the Weidenfeld et al. (2005)
study and the present one was that here we presented participants with
information about the probability distribution associated with each
conditional. We therefore investigated whether the probability manipula-
tion—that is, the frequency of p & q and P(qjp) as varied through the design
of Table 1—affected the perceived existence and strength of causality. To
simplify the analysis, we combined the judgement whether the conditional
expressed a causal link and the ratings of causal strength by coding the
response that no causal relationship existed as 0 on the strength scale. The
resulting strength values differed significantly between the four conditions
of Table 1, as confirmed by a Friedman ANOVA for ordinal variables,
w2(3, N¼ 595)¼ 125.0. Post-hoc pairwise comparisons using Wilcoxon tests
to test the effect of P(qjp) revealed significant differences between conditions
HH and HL and between conditions LH and LL (Z¼ 8.2 and 5.9,
respectively, both p5 .001). Tests for the effect of frequency of p & q were
significant when comparing conditions HH and LH (Z¼ 4.9, p5 .001), but
not for the difference between conditions HL and LL (Z¼ 1.8, p¼ .07). The
proportion of conditionals perceived as causal, and the mean strength
ratings for those that were perceived as causal, are summarised in Table 6.
These data display the same pattern as the ratings of conditional probability
and of belief in the conditional: A strong positive effect of P(qjp) and a
somewhat weaker effect of the frequency of p & q cases.

Since the experimental manipulation of causality through the context
stories was largely ineffective in the present context, we wondered whether
participants’ reported perception of a causal link, instead of the experi-
mental variation, might predict their belief in the conditional. Correlating
causal strength with belief in the conditional across participants could be
deceiving because individual differences in general tendencies towards the
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higher or lower end of a rating scale would artificially inflate this
correlation. Therefore we computed the correlation across conditionals.
For each conditional we computed the mean causal strength rating (range 0
to 6), separately for versions with and without causal link and for the two
participant groups, but averaging across the four frequency conditions
(M¼ 2.07, SD¼ .29, Cronbach’s alpha¼ .38). The same was done for the
ratings of belief in the conditional (M¼ 50.4, SD¼ 8.2, Cronbach’s
alpha¼ .80). The two variables correlated r¼ .05 (N¼ 36), which was far
from significant. Hence, there is no evidence that differences between the
conditionals (together with their context stories) in perceived causal strength
were associated with differences in their believability.

Discussion

This experiment investigated whether the presence of a causal link adds to
the believability of a conditional once the probability distribution of the
truth-table cases is fixed. There was some evidence that this is the case but
the effect is weak at best. The reason for this weakness seems to be that the
explicitly given frequency information nearly completely neutralised the
experimental manipulation of a causal link. Whether a causal link between
antecedent and consequent was introduced in the context story or not had
little or no effect on whether participants perceived the conditionals as
causal, or on the rated strength of a causal link. Perception of causality and
causal strength were instead determined by the given frequency information.
In line with previous findings, both were influenced by P(qjp), which is one
component of the probabilistic contrast. Moreover, both were also affected
by the frequency of p & q, and this effect was most pronounced when P(qjp)
was high. An effect of the frequency of p & q on causal strength ratings
cannot be explained by theories resting on the probabilistic contrast, but it is
predicted by the pCI rule proposed by White (2003), as can be seen in the
last row of Table 1.

TABLE 6
Proportion of conditionals perceived as causal and causal strength ratings in

Experiment 2

HH HL LH LL

Percent of conditionals perceived as causal 75.1 56.3 61.8 52.9

Mean causal strength (SD) 3.5 (1.3) 3.2 (1.4) 3.6 (1.4) 3.2 (1.5)

Conditions are defined as in Table 1, the first letter reflects the frequency of p & q cases

(H¼high, L¼ low), the second letter reflects P(qjp). Causal strength was rated on a 5-point

scale for conditionals that were perceived as expressing a causal link.
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7 A unique strength of this experiment is that it compares the same natural-

language conditionals with and without a causal link as introduced in the
context story. Our previous research with the same material (Weidenfeld
et al., 2005) has shown that conditionals were found to be more believable
with a causal link in the context story than without. The present results
suggest that this effect is largely mediated through people’s subjective
conditional probability of the consequent, given the antecedent. When this
probability is not fixed, knowing that p causally affects q would be reason
to increase one’s subjective P(qjp), and this should, by the probability
hypothesis of conditionals, raise the belief in the conditional ‘‘if p then q’’.
When P(qjp) can be read off explicitly given data, however, the knowledge
that p has a causal effect on q does nothing to raise the subjective conditional
probability of q, given p. Instead, people update their belief about the causal
relationship between p and q in light of the data. Doing so is rational. For
instance, after being told that Natrolsan causes a DNA mutation in rabbits,
people might set their subjective P(DNA mutationjNatrolsan) to a high
value. When they then receive data on several hundred rabbits, and among
the rabbits who have Natrolsan in their blood the proportion of those with
the DNA mutation is only 0.5, they are well advised to revise their subjective
P(qjp) downwards. How much they update P(qjp) in light of the data can be
expected to depend on the believability of the original information claiming a
causal link (e.g., the expertise status of the speaker, cf. Stevenson & Over,
2001) and the sample size of the data that motivate the revision of P(qjp).
Further research following up on the present experiment might use these
variables to manipulate the relative weight of information about causal links
and numerical data about the frequencies of instances.

Considering that in our context stories the information about causal links
was not buttressed by strong evidence or expertise status of the speaker, and
the frequency information was based on a fairly large sample size, it is not
surprising that the causal link mentioned in the context story had little effect
on people’s degree of belief in the conditional. It might be more surprising
that there was a hint of such an effect at all. Even after revising P(qjp) in the
light of explicit data, conditionals were estimated to be somewhat more
probable when accompanied by a causal context story than when presented
with a causally neutral story. The effect was tiny, however, and significant
only in a one-tailed test, so it must be regarded as very preliminary before
replicated. Such a small effect could arise simply from a few participants
who did not process the frequency information properly for trivial reasons
such as fluctuations of attention.

The dominance of frequency information over information on a causal
link that we observed may be compared to the results from a series of related
experiments by Fugelsang and Thompson (2003). They found that people’s
estimates of causal strength linking two variables, as well as their
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7 judgements whether there was ‘‘a relationship’’ between the two variables,

depended not only on the probabilistic contrast in a sample, but also on
whether they received information on a causal mechanism linking the two
variables. In these experiments, as in ours, the effect size of the frequency
information (i.e., the probabilistic contrast) was much stronger than that of
the presence or absence of a causal mechanism. Why did Fugelsang and
Thompson find the latter effect more reliably than we did? One reason could
lie with the different dependent variable (causal strength and relatedness
ratings instead of belief in the conditional). Another likely factor is that the
frequency information presented in their scenarios involved just 10
observations, making it much less reliable than in our scenarios, so it would
be rational for their participants not to rely exclusively on the frequency
information. Finally, Fugelsang and Thompson (2003, p. 804) explicitly
asked participants to make judgements ‘‘reflecting all sources of information
given’’, including the information about causal mechanisms, whereas we left
it to participants which information to use in their judgements.

GENERAL DISCUSSION

Does the core meaning of conditionals involve more than a high conditional
probability of the consequent, given the antecedent? In this article we explored
two related extension of the probabilistic interpretation of conditionals, an
interpretation in terms of covariation, as expressed by the probabilistic
contrast or the pCI rule, and the notion that conditionals imply an intrinsic,
for instance causal, link between antecedent and consequent. Our research
reveals that there is at best weak evidence for these two more extended
interpretation of conditionals. Experiment 1 showed that the degree of belief in
a conditional is sensitive to P(qjp) but not to P(qj�p). This finding rules out the
probabilistic contrast as a formula for the probability of a conditional, and
thereby the notion that conditionals express a contingency (Oaksford &
Chater, 2003). It also rules out the hypothesis that basic conditionals are often
spontaneously interpreted as biconditionals as they are defined in the theory of
mental models (Johnson-Laird & Byrne, 1991, 2002). Since some expression of
covariation forms an ingredient of all theories of how people infer causal
strength, our data also imply a dissociation between the degree of belief in a
conditional and the assessment of causal strength. Whereas the latter has
repeatedly been found to depend on given information about P(qj�p) in
addition to P(qjp) (Lober & Shanks, 2000; Mandel & Lehman, 1998;
Wasserman, Dorner, & Kao, 1990), the former was independent of P(qj�p).

Experiment 2 tested whether explicitly given knowledge about causality
adds to the believability of a conditional. We obtained some evidence that
this might be the case, but the effect was weak at best. The degree of belief in
pseudo-naturalistic conditionals seems to be driven mostly by the given data
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about the frequency distribution of truth-table cases. This information
largely dominated the perception of causality between antecedent and
consequent, so that it blocked the effect that the presence of a causal link
might have had on the believability of the conditional.

The emerging picture can be summarised by a causal graph as in Figure 2.
The perceived existence and strength of a causal connection depends on the
two subjective conditional probabilities that form the probabilistic contrast,
whereas the belief in the conditional depends only on P(qjp). Both
dependencies can be reversed when people know that a (strong) causal link
exists, or know that a conditional is true, and are to infer the conditional
probabilities from that knowledge. But the relationship between causality
and conditionals is only indirect. Knowledge of a causal link seems to have
no direct causal link to belief in a conditional.
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APPENDIX

Previous research (Evans et al., 2003; Oberauer & Wilhelm, 2003) has
identified two groups of participants, one whose judgements of the
probability of a conditional relied nearly exclusively on P(qjp) while being
largely unaffected by the frequency of the p & q conjunction, and another
who based judgements mainly on the frequency of p & q. The two groups
can be characterised by their expected combination of the frequency index
and the affirmative ratio index, defined as:

Frequency ¼ ðH-HHþH-HLþH-LHþH-LLÞ
� ðL-HHþ L-HLþ L-LHþ L-LLÞ;

Affirmative ratio ¼ ðH-HHþH-HLþ L-HHþ L-HLÞ
� ðH-LHþH-LLþ L-LHþ L-LLÞ:

A participant who makes his or her judgement about the conditional
dependent only on P(qjp) and uses the conditional probability directly as a
numerical estimate of the probability of the conditional would obtain a
frequency index of (89þ 89þ 50þ 50) – (90þ 90þ 50þ 50)¼72, and an
affirmative-ratio index of (89þ 89þ 90þ 90) – (50þ 50þ 50þ 50)¼ 158
(note that ratings were given on a scale from 0 to 100, so the expected values
do not reflect directly the numbers in Table 2). A participant whose
judgement depends only on the frequency of the p & q conjunction and who
uses the proportion of p & q cases directly as an estimate of the probability
of the conditional would obtain a frequency index of (80þ 80þ 45þ 45) –
(9þ 9þ 5þ 5)¼ 222, and an affirmative-ratio index of (80þ 80þ 9þ 9) –
(45þ 45þ 5þ 5)¼ 78. The affirmative-ratio index is not zero because in this
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7 design the frequency of p is varied orthogonally to the affirmative ratio

(i.e., p & q over p), whereas the frequency of p & q is correlated with the
affirmative ratio and therefore a strategy that uses the proportion of p & q
cases will be sensitive not only to the frequency of p but to the affirmative
ratio as well (see Table 2).

A bivariate distribution plot of the affirmative-ratio index and the
frequency index is displayed in Figure A1. It shows a negative correlation
between the two indices (Spearman’s rho¼7.48), and two distinct clusters.
One cluster is centred on a frequency index of 0 and an affirmative-ratio
index of 160, the other is centred on a frequency index of 220 and an
affirmative-ratio index of 80. The locations of these clusters therefore match
the predicted index pairs extremely well. We defined categories of
participants by setting cut-off values on the two index scales roughly
between the peaks of the two clusters on each scale. Table A1 shows the
numbers of participants falling in each of the four categories defined
through these cut-offs.

This analysis replicates the clear separation of participants’ response
patterns into two categories, one reflecting judgements that rely predomi-
nantly on P(qjp) and the other reflecting judgements that rely mostly on the

Figure A1. Bivariate histogram of the frequency ratio and the affirmative probability ratio,

Experiment 1.
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frequency of p & q. One difference from the previous studies is that here we
also obtained an interaction of the frequency factor and P(qjp). The reason
for this is most likely that the frequency factor varied here was the frequency
of p, whereas in the previous studies it was the frequency of p & q. So
participants who made their judgements depend on the frequency of p & q
would indirectly add to the effect of P(qjp) because the frequency of p & q
increases with higher P(qjp). Importantly, this increase is larger when the
frequency of p is large (i.e., a contrast of 450 to 800) than when it is small
(i.e., 50 to 90), and this explains the interaction. The most straightforward
interpretation of the data is therefore that there are two additive factors
driving the subjective probability of the conditional, P(qjp) and the
frequency of p & q, with each effect being due to a different subgroup of
participants. The first factor corresponds to the prediction of the
probabilistic hypothesis, whereas the second factor matches the prediction
of the mental models theory when assuming that participants make only a
single model explicit, that of the p & q conjunction (see Oberauer &
Wilhelm, 2003, for discussion).

TABLE A1
Numbers of participants in each category of response patterns in Experiment 1

Frequency index5 50 Frequency index� 50

Affirmative-ratio index5 60 188 (23.3) 281 (34.9)

Affirmative-ratio index� 60 319 (39.6) 18 (2.2)

Percentages in parentheses.
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