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Two meanings of “if’? Individual differences in the

interpretation of conditionals

Klaus Oberauer, Sonja M. Geiger, Katrin Fischer, and Andrea Weidenfeld

University of Potsdam, Potsdam, Germany

This work investigates the nature of two distinct response patterns in a probabilistic truth table evalu-
ation task, in which people estimate the probability of a conditional on the basis of frequencies of the
truth table cases. The conditional-probability pattern reflects an interpretation of conditionals as
expressing a conditional probability. The conjunctive pattern suggests that some people treat condi-
tionals as conjunctions, in line with a prediction of the mental-model theory. Experiments 1 and 2 rule
out two alternative explanations of the conjunctive pattern. It does not arise from people believing that
at least one case matching the conjunction of antecedent and consequent must exist for a conditional
to be true, and it does not arise from people adding the converse to the given conditional. Experiment
3 establishes that people’s response patterns in the probabilistic truth table task are very consistent
across different conditionals, and that the two response patterns generalize to conditionals with
negated antecedents and consequents. Individual differences in rating the probability of a conditional
were loosely correlated with corresponding response patterns in a classical truth table evaluation task,
but there was little association with people’s evaluation of deductive inferences from conditionals as
premises. A theoretical framework is proposed that integrates elements from the conditional-
probability view with the theory of mental models.

The meaning of conditionals—that is, sentences of
the form “if ... then...”, has been a matter of
debate among philosophers for ages (Kneale &
Kneale, 1962; for a review of the contemporary
discussion, see Bennett, 2003). Recently it has
also spilled over into psychology. For a long time
the field has been dominated by two theoretical
approaches to the psychology of conditionals:
rule theories (Braine & O’Brien, 1991) and the
theory of mental models (Johnson-Laird, Byrne,
& Schaeken, 1992). Rule theories define the

psychological meaning of #f through a hypothetical
set of formal rules governing its use—among
them, for instance, a rule for the introduction of
an if statement in the course of a formal proof,
or a rule of modus ponens.

The theory of mental models defines the
meaning of a conditional through the mental
models that fulfil its truth conditions. Mental
models correspond to cases in a truth table: They
represent the combination of a true or false antece-
dent with a true or false consequent of the
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conditional statement. Johnson-Laird and Byrne
(2002) distinguish between the meaning of &asic
and nonbasic conditionals. Basic conditionals are
conditional statements bare of context and with
contents making little contact to a person’s knowl-
edge—for instance, “If there is an A then there is a
B”; nonbasic conditionals have richer contents and
contexts that modulate their meaning. In this
paper, we are concerned only with basic condi-
tionals, because we wanted to minimize content-
specific influences on interpretation and reasoning.
According to the model theory, the meaning of
basic conditionals depends only on their linguistic
form; it is given by the three mental models that
meet its truth conditions. For a conditional of
the form “if p then q”, with p and q standing for
arbitrary propositions, these are models of the con-
junctions p & q, —p & q, and —p & —q (the hook
before a letter represents negation). According to
the model theory, therefore, basic conditionals
have the same truth conditions as does the material
conditional in propositional calculus.

More recently, a third class of theoretical
approaches has gained attention and empirical
support. Their proponents characterize the
meaning of conditionals in terms of probabilities.
A conditional is assumed to express a high con-
ditional probability of the consequent, given the
antecedent (Adams, 1981; Edgington, 1995;
Oaksford & Chater, 2001). This hypothesis has

TWO MEANINGS OF “IF”?

recently gained impetus from a series of exper-
iments with so-called probabilistic truth table
tasks (Evans, Handley, & Over, 2003; Oberauer
& Wilhelm, 2003). In these experiments partici-
pants are given information about the frequencies
of the four truth table cases and are asked to esti-
mate how likely a given conditional is to be true.
For example, Oberauer and Wilhelm (2003) pre-
sented a brief cover story introducing 2,000
playing cards with an A or a B printed on them
in either red or blue. The frequency distributions
given in each of the four experimental conditions
are listed in Table 1. Participants were asked to
estimate the probability of the statement, “If
there is an A on a card then it is red”. The four
conditions were obtained by crossing two factors,
the frequency of p & q cases (short: frequency)
and the ratio of p & q cases to p & —q cases
(short: ratio).

This design serves to distinguish three accounts
of how conditionals are represented. One is the
conditional-probability hypothesis, according to
which people’s degree of belief in a conditional
should be a function of their subjective conditional
probability of the consequent g, given the antece-
dent p. This hypothesis predicts an effect of the
ratio factor but no effect of the frequency factor.
The second hypothesis is that conditionals are
understood as material conditionals, correspond-
ing to the fully elaborated set of mental models.

Table 1. Frequency distributions in the basic design of the probabilistic truth table task used in

Experiments 1 and 3

Condition
Truth table
case Conjunction HH HL LH LL
TT p&q 900 900 90 100
TF p & not q 100 900 10 100
FT Notp & q 500 100 950 900
FF Not p & not q 500 100 950 900
P(qlp) 9 5 9 .
P(plq) .64 9 .09 1

Note: HH: high frequency of p & q, high ratio. HL: high frequency, low ratio. LH: low frequency,
high ratio. LL: low frequency, low ratio. TT = true antecedent, true consequent. TF = true
antecedent, false consequent. FT = false antecedent, true consequent. FF = false antecedent,

false consequent.
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According to the model theory, the probability of a
statement corresponds to the proportion of cases
that match one of its models, so the probability
of the conditional should be one minus the pro-
portion of p & —q cases in each condition. This
implies a main effect of ratio and a main effect of
frequency, such that higher ratios, as well as
lower frequencies of p & q, result in higher prob-
ability estimates for the conditional. The third
hypothesis is that people base their judgements
on a reduced mental-model representation of the
conditional, consisting of a single model repre-
senting the case where both antecedent and conse-
quent are true (i.e., the p & q conjunction). This
hypothesis predicts a main effect of the frequency
such that the probability of the conditional is
rated as higher when frequency is high.

When the probability ratings were averaged
over participants they provided support for both
the probabilistic view and the one-model rep-
resentation assumed in the mental-models
theory: There was both a main effect of ratio, as
predicted by the probabilistic view, and a main
effect of frequency in the direction predicted by
the simple mental-model account (i.e., the prob-
ability of the conditional was estimated as higher
when frequency was high). The two effects were
additive (Oberauer & Wilhelm, 2003). When
the design in Table 1 is realized within subjects,
each participant’s pattern of responses can be eval-
uated for conformity with the predictions from the
three hypotheses. This analysis revealed a remark-
ably clear separation of two groups of participants.
A majority behaved as predicted by the probabilis-
tic hypothesis, basing their judgements nearly
exclusively on the ratio factor. We call this the
conditional-probability pattern. A minority behaved
as predicted by the one-model hypothesis; their
estimates of the probability of the conditional
increased with the frequency of the p & q conjunc-
tion but was not systematically affected by the ratio
factor. We call this the conjunctive pattern. An
equivalent division among participants has been
observed by Evans et al. (2003).

The purpose of the present work is to investi-
gate the nature of the individual differences in
the understanding of conditionals. One obvious

explanation for the two rating patterns is that a
subgroup of participants understands conditionals
according to the mental-model account (using a
single mental model of the p & q conjunction),
whereas another subgroup understands them
probabilistically. If this is correct, it leaves us in
the uncomfortable situation of having two theories
that, at least in their present formulations, are
incompatible, each of which accounts for the
responses of a subgroup of participants.

Both sides, of course, have attempted to explain
away the evidence supporting the other side. Evans
et al. (2003) have argued that the conjunctive
pattern reflects an unfinished procedure of asses-
sing P(qlp), which they call the Ramsey Test
(Ramsey, 1929/1990; cf. Bennett, 2003). This
test starts with estimating the frequency or prob-
ability of the p & q conjunction and of the p &
—q conjunction, then compares these two quan-
tities to obtain an estimate of the probability of
the conditional that closely corresponds to
P(qlp). If participants complete half of the first
step by assessing p & g, but fail to obtain an esti-
mate of p & —q, they end up with an estimate for
the probability of the p & q conjunction that they
erroneously take for the probability of the con-
ditional. Evans and colleagues do not explain,
however, why people never use the other input
to the Ramsey Test, the subjective probability of
p & —q, as the basis of estimating the probability
of the conditional. One possible answer to this is
that people tend to start the Ramsey Test with
the positive case, either because they have a bias
toward representing positive cases (for evidence
supporting a “positivity bias” in reasoning, see
Evans, 1989), or because processing negations is
cognitively more taxing. We test this idea in
Experiment 3.

Girotto and Johnson-Laird (2004), on the
other hand, endorse the view that the conjunctive
pattern reflects judgements based on a single
mental model. They argue that the conditional-
probability pattern also reflects model-based
assessments. This pattern, they argue, reflects jud-
gements on the basis of a single mental model of
the p & q conjunction as well. People judge the

conditional as true when it matches this model.
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Moreover, they judge the conditional as false when
the antecedent p is true, and the consequent q is
false. The two cases where the antecedent is false
they judge as irrelevant because these cases are
not explicitly represented as mental models. The
conditional probability pattern then arises from
computing the proportion of p & q cases among
the cases considered as relevant. Girotto and
Johnson-Laird do not explain, however, on what
representational basis people come to judge p &
—q cases as making the conditional false but —p
& q cases and —p & —q cases as being irrelevant.
All three cases have the same status in the
mental-model representation: There is no explicit
model for them. There is nothing in the model
representation that singles out p & —q as a falsify-
ing instance.

To summarize, the attempts from both propo-
nents of the probabilistic view and proponents of
the model theory to incorporate the pattern that
they do not directly predict are not fully convin-
cing. We therefore decided to run further exper-
iments using the design in Table 1 to explore the
individual differences in people’s understanding
of conditionals. Experiments 1 and 2 test two
further possible explanations of the conjunctive
pattern that could be advanced from the perspec-
tive of the probabilistic view. One is that some
people believe that there must be at least one
instance of the antecedent being true to fulfil the
truth conditions of a conditional; this is tested in
Experiment 1. The other explanation is that
some people expand the conditional to include
its converse, “If q then p”, and therefore base
their judgements on P(p|q) as well as, or instead
of, P(qlp). This hypothesis is tested in
Experiment 2. Experiment 3 tests two predictions,
one motivated by the interpretation of the con-
junctive pattern as an incomplete Ramsey Test,
the other motivated by a model-based interpret-
ation. Moreover, Experiment 3 is a first attempt
to answer standard psychometric questions about
individual differences in interpreting conditionals:
Are they general across situations, such that a
person consistently chooses one interpretation?
How do they relate to people’s behaviour in
other tasks using conditionals?

TWO MEANINGS OF “IF”?
EXPERIMENT 1

Experiment 1 tests one potential explanation of
the main effect of the p & q frequency in previous
studies: A subset of participants might hold that
for a conditional to be true, there must be at
least one case in which the antecedent is true
(and this, of course, should be one in which the
consequent is also true). This is not an unreason-
able view, given that “if—then” is closely akin to
the quantifier “all”, and “All x are y” has been
taken by many logicians, beginning with
Aristotle, to imply that there is at least one x
that is y. The probabilistic view of conditionals
also motivates the requirement that at least one p
case exists because when the probability of p is
zero, P(q|p) is undefined and so is the probability
of the conditional.

Two of the experiments of Oberauer and
Wilhelm (2003) involved drawing a random
sample from the total population of 2,000 cards,
and participants were asked to rate the probability
that the conditional is true for that sample. The
experiments of Evans et al. (2003) also involved
drawing a sample (of size one). With a higher fre-
quency of p & q in the population, the probability
that at least one of these cases occurs in the sample
is higher. Participants who focus their judgement
on the probability of obtaining at least one p & q
case in the sample would therefore base their jud-
gements mainly on the frequency of these cases.
Support for this interpretation comes from the
fact that the main effect of frequency disappeared
in the two experiments of Oberauer and
Wilhelm (2003) that did not use a context story
involving sampling (Experiments 2 and 4). Here,
participants were simply asked to judge whether
the conditional was true or false for the whole
population. Over, Hadjichristidis, Evans, Handley,
and Sloman (in press) also did not use a sampling
story in their experiments with everyday causal
conditionals and also found no evidence for an
effect of the p & q frequency.

If this explanation is correct, the conjunctive
pattern should vanish as sample size increases,
because with a larger sample size the probability
that at least one p & q case is found in the
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sample is already close to ceiling in the low-
frequency conditions, so that the frequency of
the p & q case cannot make a large difference.
The probability that no p & q case is sampled
equals [1 — P(p & q)]”, where 7 is the sample
size. With a sample size of 10, this probability is
.6 for the low-frequency conditions, but .0025
for the high-frequency conditions. With a
sample size of 100, the probability of failing to
have a p & q case in the sample is only .0059 for
the low-frequency conditions and virtually zero
for the high-frequency conditions. Obviously,
there is a reason to be concerned about the prob-
ability of having a p & q case in the sample
when the sample size is 10 but not when the
sample size is 100. A second prediction is that
only participants showing the conjunctive pattern
should be sensitive to sample size. They should
give higher estimates for the probability of the
conditional with a large than with a small sample
size. Participants showing the conditional-prob-
ability pattern should be insensitive to sample
size because the ratio of p & q cases to the sum
of all p cases in the population is the best estimate
of P(q|p) in the sample regardless of sample size.
Experiment 1 therefore asked participants to
judge the probability that a conditional is true
for a small or a large sample, using the design of

Table 1.

Method

Participants

Like some of the experiments in Oberauer and
Wilhelm (2003), this experiment was run
through the Internet to obtain a large and hetero-
geneous sample of participants. The experiment
was posted in German and in English on the W-
Lab server at the University of Potsdam.
Participants who indicated that they had partici-
pated in the experiment before, or who used an
IP address that had been used before in the exper-
iment, were excluded to reduce the chance of using
more than one data set per person. We also
excluded incomplete data sets and data sets with
ratings that exceeded the limits of 0 and 100

(see Materials and Procedure). The remaining
sample consisted of 342 participants; 178 of
them completed the German version and 164 the
English version. Their ages ranged from 13 to 70
years, with a mean of 26.2 (SD = 9.6). There
were 135 men and 203 women (4 participants
did not respond to this question). Participants
rated their educational level by ticking one of
five categories: Not a high-school graduate (32),
high-school diploma or equivalent (29), some
college but no degree (106), completed college
4-year degree (107), and completed a graduate
degree (68).

Materials and procedure
The two factors forming the design of Table 1
were varied within subjects, so that each partici-
pant worked through four tasks that differed
only in the frequency information given for the
truth table cases. Two further factors were varied
between subjects: the sample size (10 or 100
cards) and the order of presentation of the four
truth table cases within each task (from top to
bottom as in Table 1, or the reverse order), thus
forming four groups to which participants were
allocated at random. The order of the four con-
ditions in Table 1 was counterbalanced within
each group according to a Latin square.
Participants initially received the following
introduction (or its German translation):

On the following pages you will find 4 pro-
blems which deal with probability esti-
mation. Issue is always a set of fantasy
playing-cards. Every problem contains 4
questions, which 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 your best possible estimation.

The four problems were next presented on four
separate web pages. Each problem was introduced
by the same context story, followed by the
frequency information according to one condition
of Table 1 (the example shows condition HH in
top-to-bottom order of the truth table cases):

794 THE QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY, 2007, 60 (6)
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Imagine you get a set of playing cards con-
taining 2,000 cards. Every card has either a
dragon or a unicorn imprinted. The mythical
creatures are either blue or red. In addition
the following is known about the 2,000

cards:

900 cards have a red dragon
100 cards have a blue dragon
500 cards have a red unicorn
500 cards have a blue unicorn.

This information was followed by four questions,
the first two of which served as manipulation
checks. First, participants were asked to imagine
that a single card is drawn at random from the
stack, and they were to estimate the probability
that this card had a given conjunction of a creature
and a colour, separately for each of the four truth
table cases in the order of Table 1. They were
instructed to give their ratings by typing a
number between 0 (“absolutely impossible”) and
100 (“definitely/absolutely sure”). The second
question again started with the instruction to
imagine that a single card is drawn at random.
This card is said to have a dragon printed on it.
Participants were to estimate the probability that
the dragon is red, and the probability that it is
blue, by entering two numbers between 0 and
100 in the respective slots of the Web page.

The third question served to measure the
dependent variable, people’s subjective probability
of the conditional:

Next, [10, 100] cards are drawn at random
from the set. Somebody says (without
having seen those cards) that the following
statement is true for the [10, 100] cards: If
the card has a dragon, then it is red. How
likely (between 0 and 100) do you think
the rule is true? (Don’t calculate the prob-
ability. Give a subjective estimation!).

The numbers in brackets represent the two levels
of sample size, one of which is used consistently
throughout all four problems for each participant.
The experiment also involved a fourth question for

TWO MEANINGS OF “IF”?

obtaining an indirect measure of participants’ sub-
jective probability of the conditional by asking
how much they were willing to bet on the truth
of the conditional (see Oberauer & Wilhelm,
2003). The results from this question showed the
same trends as those from the third question and
are not reported here for the sake of brevity.

Results

Most statistical tests in this paper have unusually
high power due to the large sample sizes.
Therefore, we set the threshold for significance
to p = .01 except where stated otherwise.

We first checked whether participants gave
correct estimates for the probabilities of the four
conjunctions (Question 1). Estimates were
scored as correct if they fell within 5 percentage
points of the correct value on the 0 to 100 scale.
A total of 200 participants (58.5%) gave correct
estimates for all 16 conjunctions; another 60
made four errors or fewer. All analyses presented
are based on the total sample; they were repeated
with the subsample making no errors on the con-
junction estimates, with no different results except
where stated.

People’s estimates for the conditional probability
of q, given p (Question 2) were submitted to an
analysis of variance (ANOVA) with frequency
and ratio as within-subject variables and sample
size and presentation order as between-subject
variables. These data are plotted in the top panel
of Figure 1. The main effects of frequency and of
ratio were both significant, replicating previous
experiments with this design, F(1, 338) = 57.9,
partial > = .15, and F(1, 338) = 611.4, partial
7 = .64, respectively (both p < .001). The main
effect of sample size was just significant, F(1,
338) = 6.6, p = .01, partial n° = .02. Estimated
conditional probabilities were larger with smaller
sample sizes (63 vs. 60). The sample size effect
was not significant with the restricted subsample
(F < 1). The ratio effect was slightly larger with
the top-to-bottom presentation order, F(1,
338) = 8.5, p = .004, partial n° = .02. No other

main effect or interaction became significant.
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Conditional Probability
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Figure 1. Ratings of the conditional probability of the consequent, given the antecedent ( top p(me/), and of the probability of the conditional

(bottom panel), by frequency and ratio, Experiment 1.

An analogous ANOVA was applied to the esti-
mates of the probability of the conditional, shown
in the middle panel of Figure 1. Again, the main
effects of frequency and of ratio were significant,
F(1, 338) = 39.8, partial 7 = .11, and F(1,
338) = 447.8, partial 7 = .57, respectively (both
p < .001). There was a main effect of sample
size, with higher estimates for the small sample
(58 vs. 50), F(1, 338) = 13.4, partial 7° = .04.
This is the opposite of what would be expected if
people required at least one p & q case in the
sample to regard the conditional as true. The pre-
dicted interaction of sample size with frequency

failed the significance criterion, F(1, 338) = 3.6,
p = .06, partial 7> = .01, and it went against the
prediction: Instead of disappearing with a large
sample size, the frequency effect was larger with
the larger than with the smaller sample size. In
the restricted sample, this interaction was clearly
absent, /' < 1. Two further interactions became
significant in the full sample but were not con-
firmed by the analysis of the restricted sample.
We see no plausible interpretation for these
interactions and do not discuss them further.

We next computed two indices reflecting the
sensitivity of individual participants to the
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frequency and the ratio manipulation, respectively.
The frequency index was defined as (HH + HL) -
(LH + LL), and the ratio index was defined as
(HH + LH) - (HL + LL), with the condition
codes standing for a participant’s estimate of the
probability of the conditional in the respective con-
dition (for the conditions see Table 1). A partici-
pant using P(q|p) as estimate for the probability
of the conditional should obtain a ratio index of
(90 + 90) — (50 + 50) = 80 and a frequency
index of zero. In contrast, a participant estimating
the probability of the p & q model should obtain
a frequency index of (45 + 45) — (45 + 5) =
80.5 and a ratio index close to zero. Figure 2 plots
the two indices against each other in a bivariate his-
togram. A single peak stands out at the crossing of a
ratio index of 80 and a frequency index around zero,
reflecting a group of participants showing the con-
ditional-probability pattern. The second group of
participants observed in previous experiments
(Evans et al., 2003; Oberauer & Wilhelm, 2003),
showing the conjunctive pattern, was not clearly
demarcated in this data set. There was no clear
peak at a frequency index of 80 with a ratio index
of zero. Rather, a substantial number of data
points fell on the axis between the two points of
(0, 80) and (80.5, 0) that would ideally reflect the
two groups. The two indices were negatively corre-
lated, Spearman’s rho = —.42, replicating previous

/W oW\

Figure 2. Bivariate histogram of frequency and ratio index,
Experiment 1.

TWO MEANINGS OF “IF”?

Table 2. Classification of participants of Experiment 1 into groups

according to their frequency and ratio indices

Ratio index
Frequency index <40 >40
<40 63 (18.4) 196 (57.3)
>40 64 (18.7) 19 (5.6)

Note: Cell entries are total numbers, with percentages in
parentheses.

findings. Table 2 shows the classification of partici-
pants into four groups formed by crossing the two
indices, using a cut-off value of 40 (as used by
Oberauer & Wilhelm, 2003). The group of partici-
pants showing a conjunctive pattern (i.e., high-
frequency index and low-ratio index) was clearly
smaller than the group showing a conditional
probability pattern (i.e., low-frequency index and
high-ratio index).

Discussion

Experiment 1 replicated the basic findings of
Oberauer and Wilhelm (2003): On average,
people’s subjective probability of a conditional
depended mostly on P(q|p), as reflected by the
ratio factor, and to a lesser degree on the frequency
of the p & q conjunction. An analysis of individual
response patterns revealed a large group of partici-
pants who behaved exactly as predicted by the
probabilistic hypothesis. The remaining partici-
pants showed a more diffuse pattern than in our
previous study. The negative correlation between
the two indices, however, shows that participants
who gave more weight to frequency tended to
give less weight to the ratio. A few went as far
as basing their judgement exclusively on the
frequency of p & q cases, in line with the pre-
dictions of the mental-model theory, assuming
that only a single model is constructed for the
conditional. This conjunctive pattern, however,
was rare.

The manipulation of sample size had the oppo-
site effect of what would be expected if participants
regarded the existence of at least one p & q case in

THE QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY, 2007, 60 (6) 797



Downloaded By: [University of Bristol Library] At: 12:18 23 May 2007

OBERAUER ET AL.

the sample as necessary to judge the conditional as
true. This hypothesis can therefore be ruled out as
an explanation for the main effect of frequency.
The smaller estimates for the probability of the
conditional with a larger sample rather suggest
that participants were sensitive to the probability
that an exception to the conditional (i.e., a case
of p & —q) occurs in the sample. At least some
participants might have reasoned that the con-
ditional is true only if no case of p & —q is in
the sample. The probability that an exception is
found in the sample clearly increases with larger
sample size.

Making the probability of a conditional depend
inversely on the probability of p & —q is just what
should be done when the conditional is under-
stood as a material conditional—the probability
of the material conditional is 1 — P(p & —q).
Participants who endorse this view should also
show this in their response patterns across the
four conditions of Table 1. As can be seen in the
table, 1 — P(p & —q) increases with ratio and
decreases with frequency. Participants who inter-
pret the conditional as material should therefore
show a positive ratio index combined with a nega-
tive frequency index. With a cut-off of 40 for the
ratio index and of —40 for the frequency index,
24 participants fell in this category. When these
participants were excluded from analysis, the
effect of sample size on subjective probability of
the conditional was still robust, F(1, 314) =
11.0, p = .001, partial 1> = .03. Thus, there was
a small group of participants endorsing the
material conditional interpretation, but they were
not alone responsible for the effect of sample
size. In particular, the effect of sample size was
also significant in the group of 172 participants
displaying the conditional-probability pattern
(.., high ratio indices and frequency indices
around zero), F(1, 168) = 10.5, p = .001,
partial 7> = .06." This is surprising because the
probabilistic view has no room for an effect of
sample size. At present we cannot offer a

convincing explanation for the effect of sample
size. In any case, Experiment 1 achieved its goal
by ruling out the hypothesis that the conjunctive
pattern arises from participants who require
at least one instance of p & q to appear in the
sample.

EXPERIMENT 2

A second possible explanation for the conjunctive
pattern is that some participants understood the
conditional “If p then q” to imply its converse,
“If q then p”. Evans and Over (2004) assume
that people often expand the meaning of a given
conditional through pragmatic implicatures,
adding the converse, or the inverse (“If not p
then not q”), or both.

When people add the converse to the given
conditional and then proceed as assumed by the
probabilistic view, they would have to conduct
the Ramsey Test separately for the two condi-
tionals, “If p then q” and “If q then p”. People
would therefore estimate both P(q|p) and P(plq)
and then combine the two for an overall estimate
of the probability of the conditional. The last
two lines of Table 1 show the two conditional
probabilities for the design used in our previous
experiments. Whereas P(q|p) depends only on
the ratio factor, P(p|q) happens to correlate
strongly with the frequency factor. A combination
of the two conditional probabilities is therefore
expected to display main effects of ratio and of
frequency in the direction observed in our
experiments. One potential difficulty for this
explanation is that it does not directly predict the
dissociation of two subgroups of participants
(Evans et al., 2003; Oberauer & Wilhelm, 2003).
The subgroup displaying the conditional-
probability pattern is easily explained; these could
be people who do not endorse the pragmatic
implicature and base their judgement only on
P(qlp). The group who endorses the implicature,

! The number is smaller than the 196 participants in the lower left cell of Table 2, because the latter also included participants
with ratio > 40 and frequency < —40, which we now reclassified as those who understand the conditional as material.
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however, would be expected to show effects of
both conditional probabilities and, hence, of both
experimental factors. To explain why there is a
group that is sensitive only to the frequency
factor, one would have to assume that these
people conduct the Ramsey Test o7y for the con-
verse, ignoring the original conditional. It does not
seem plausible that people who endorse the con-
verse as implicature go on to forget the original
conditional and judge only the probability of the
converse. The results of Experiment 1, however,
suggest that there is more of a continuum
between those who rely exclusively on the ratio
variable and those who rely exclusively on the
frequency variable in their judgements. The
participants falling in between might be just
those who judge the joint probability of both
the original conditional and its converse. The
converse hypothesis therefore has some a priori
plausibility.

Hence, we conducted an experiment that
augmented the design of Table 1 by two further
conditions to disentangle P(p|q) from the fre-
quency of p & q. The design of Experiment 2 is
shown in Table 2. The two added conditions
have a low frequency of p & q, but a high
P(plqg), equal to the high-frequency conditions of
the original design. The effect of P(p|q) can now
be assessed by contrasting the two new conditions,
LH-L and LL-L, with the two low-frequency
conditions of the basic design, LH-H and
LL-H. In this comparison, frequency of p & q
is  held constant, and P(qlp) is varied
orthogonally to P(p|q). The effect of the
frequency of p & q can be assessed by comparing
the two new conditions to the high-frequency
conditions of the basic design, HH-H and
HL-H. This comparison is now unconfounded

with P(p|q).

Method

Participants

The experiment was conducted through the
Internet in the same way as Experiment 1. The
same exclusion criteria were applied. The remain-
ing 270 participants had an age range from 14 to

TWO MEANINGS OF “IF”?

61 years (we excluded 2 further participants who
reported ages of 10 and 11 years, respectively),
with a mean of 23.7 (8D 8.6). There were 107
men and 146 women (17 participants did not
report their sex); 210 completed the English
version and 60 the German version. There was a
wide distribution of educational levels, as reflected
in the frequencies of five categories on which par-
ticipants rated themselves: not a high-school
graduate (45), high-school diploma or equivalent
(28), some college but no degree (107), completed
college 4-year degree (49), and completed a gradu-
ate degree (32).

Materials and procedure

The materials and procedure were identical to
those in Experiment 1, with the following excep-
tions. First, there were six instead of four tasks,
as by the design of Table 2. The six conditions
were administered in a new random order for
each participant. Second, there was only one
question, asking participants to estimate the
probability that the given conditional is true for
a random sample. Third, the sample size was
held constant at 50 cards. Finally, participants
were not allocated at random to one of the two
orders of presenting the truth table cases;
instead, there was a constant order throughout
the first period of testing, which was reversed
for the second period.

Results and discussion

People’s mean estimates of the probability of the
conditional in the six conditions are shown in
the last row of Table 3. These data were analysed
through three ANOVAs. The first investigates the
two factors of the basic design—frequency of p &
q and ratio of p & q to p & =q—using the first four
conditions in Table 2. Replicating previous results,
there was a main effect of frequency, F(1, 268) =
79.3, partial 1> = .23, and a main effect of ratio,
F(1, 268) = 206.7, partial 1% = .44, but no inter-
action, F' = 1.95, p = .16. The second ANOVA
investigated the same two factors while holding
P(plq) constant. This analysis involves the first
two conditions of Table 2, HH-H and HL-H,
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Table 3. Frequency distributions in the extended design of the probabilistic truth table task (Experiment 2)

Case HH-H HL-H LHL LLL LH-H LL-H
p&q 900 900 90 100 90 90

p & not q 100 900 10 100 10 90
Not p & q 500 100 950 900 50 10
Not p & not q 500 100 950 900 1,850 1810
P(qlp) 9 5 9 5 9 0.5
P(plq) 64 9 09 1 64 0.9
P(conditional), 70.2 (26.2) 51.3 (20.4) 58.4 (35.4) 36.7 (21.5) 58.3 (35.9) 36.2 (22.1)

mean ratings (SD)

Note: The first two letters of the condition codes represent the frequency of p & q (first letter) and the ratio of p & q to p & —q, which
determines P(q|p) (second letter), as in Table 1 (H = high, L = low). The third letter added after the hyphen codes the ratio of p &

q to —p & q, which determines P(p|q).

together with the two new conditions in the last
two columns, LH-H and LL-H. There was
again a main effect of frequency, F(1, 268) =
82.5, partial 1> = .24, and a main effect of ratio,
F(1, 268) = 205.8, partial 1% = .43, but no inter-
action, F'= 2.5, p = .11. This analysis shows that
the main effect of frequency is not due to a con-
found with P(plq) in the basic design. The third
ANOVA crossed P(qlp) with the converse con-
ditional probability, P(p|q), holding frequency of
p & q constant. The conditions in the last four
columns of Table 2 enter into this analysis.
There was a main effect of P(q|p)—that is, the
ratio factor of the basic design, F(1, 268) =
218.7, partial 1% = .45. The converse conditional
probability, P(plq), had no significant effect,
F < 1. The interaction also was not significant,
F < 1. All three ANOVAs also included order
of presentation of the four truth table cases as a
between-subjects factor. This factor was not signifi-
cant and did not enter into any significant inter-
action, all 7 < 1.7. To summarize, there was no
effect of P(plq), and the effect of frequency of p
& q was undiminished when P(p|q) was controlled.

There is no evidence in these results that people
spontaneously add the converse to a basic con-
ditional, contrary to the assumptions of Evans
and Over (2004) that people often endorse this
pragmatic implicature. This implies that the
effect of the frequency of p & q, and hence the

conjunctive pattern, cannot be explained by

assuming that a subgroup of participants adds
the converse to the given conditional, or replaces
the given conditional by its converse.

EXPERIMENT 3

The final experiment had three goals. The first was
to investigate whether individual differences
observed in the probabilistic truth table task were
consistent across multiple occasions of judging
the probabilities of different conditionals. Only
if people tend to produce the same response
pattern repeatedly can we speak of genuine indi-
vidual differences in the interpretation of condi-
tionals, rather than random fluctuations. To this
end, we asked participants to rate the probabilities
of 32 conditionals, forming eight replications of
the design in Table 1. This enabled us to obtain
eight independent assessments of individual
response patterns across the four conditions of
the basic design and of individuals’ frequency
and ratio indices. The second goal was to test pre-
dictions for the effect of negations in the condi-
tionals and the use of binary categories. The
third goal was to link individual differences in
the probabilistic truth table task to behaviour in
two other tasks involving conditionals: the classical
truth table evaluation task and conditional infer-
ences. The expectations pertaining to the last
two goals are explained below.
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Negation and binarity

We constructed the 32 conditionals according to a
2 (negation of the antecedent) x 2 (negation of the
consequent) X 2 (binarity of the categories) design.
For each cell of the design there were four condi-
tionals, one for each condition of the basic design
in Table 1. In this way, we could evaluate response
patterns across the four conditions of the basic
design as a function of the new independent vari-
ables, negation and binarity. Binary categories are
categories with a clearly defined contrast class,
for instance “boy” and “girl”, or “wearing glasses”
and “wearing no glasses”. Nonbinary categories
have a diffuse, indeterminate contrast class consist-
ing of a set of other possibilities, such as “red” and
“other colours”, or “apple” and “other fruit”
(Barrouillet & Lecas, 1998).

The introduction of negations requires a more
abstract terminology, because the truth and falsity
of the propositions p and q become decoupled
from their role in the truth table for a conditional.
For instance, given a conditional with negation in
the antecedent, “If not p then q”, the p & q conjunc-
tion is an instance of false antecedent and true con-
sequent, which we denote as FT. Table 4 gives an
overview of which conjunctions of the two elemen-
tary propositions take which roles in the truth table
for the four conditionals in the negations paradigm.
Formulated independently of negations, the
Ramsey Test involves comparing T'T (true antece-
dent, true consequent) to TF (true antecedent,
false consequent). Consequently, our experimental
design varied the ratio of TT to TF cases, as well

Table 4. Assignment of proposition conjunctions to truth table cases
in the negations paradigm

Truth table not p not p
case P9 —q p—>mnotq — notq
TT p&q p&q p&—q —p&—q
TF p&—q —p&—q p&gq —p&q
FT p&q p&q —p&—q p&—q
FF p&—q p&—q p&q p&q

Note: The arrow stands for the “if ... then” relation. TT = true
antecedent, true consequent. TF = true antecedent, false con-
sequent. FT = false antecedent, true consequent. FF = false
antecedent, false consequent.

TWO MEANINGS OF “IF”?

as the frequency of TT cases, regardless of
whether and where negations were placed in the
conditional. This means that for this experiment
the frequencies in the design cells of Table 1 refer
to the four truth table cases in the first column of
the table, not to the conjunctions of propositions
in the second column. Consequently, the design
factors are now the frequency of TT cases and the
ratio of T'T cases to TT cases.

The purpose of manipulating negation and
binarity was to test two predictions, one from the
probabilistic account and one from the mental-
model account. The probabilistic account as
developed by Evans et al. (2003) explains the con-
junctive pattern by assuming that some people rate
the probability of a conditional based on an incom-
plete Ramsey Test, generating the probability of the
p & q conjunction but not the complementary prob-
ability of the p & —q conjunction. One possible jus-
tification for why the incomplete Ramsey Test
always ends with the probability of p & q, and not
with the probability of p & —q, is that the former
conjunction consists only of positive instances of
the propositions involved (i.e., p and q). Research
with the classical truth table evaluation and pro-
duction tasks has demonstrated that people perceive
the positive instances as more relevant; this effect
has become known as matching bias (Evans, 1972)
or positivity bias (Evans, 1989). If the same bias
applies to the probabilistic truth table task, we
would expect that introducing negation in the ante-
cedent or the consequent of a conditional or in both
should modulate the response patterns.

If we assume that people have a preference for
representing positive instances of the elementary
proposition, we would expect that an incomplete
Ramsey Test for a purely positive conditional “If
p then q” results in giving the probability of the
p & q conjunction, which is the frequently
observed conjunctive pattern. An incomplete
Ramsey Test for a conditional with negated conse-
quent, “If p then not q”, should also result in focus-
ing on the probability of the p & q conjunction. In
this case, however, the p & q conjunction rep-
resents the TTF case, and therefore we should see
a response pattern very different from the conjunc-
tive pattern—in particular, the probability of the
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conditional should increase with the frequency of
the TF case, leading to the highest probability
ratings for condition HL (see Table 1).
Analogous predictions can be derived for the
remaining two negation cases.

The second prediction tested here derives from
the mental-model account. Barrouillet and Lecas
(1998) argued that it is easier to represent the
negation of a proposition involving a binary cat-
egory than the negation of one with a nonbinary
category. Therefore, given a conditional with two
binary categories, such as “If the child is a boy
then he wears glasses”, it should be relatively
easy to construct a mental model of the —p & —q
conjunction, for instance a girl wearing no
glasses. With a conditional such as “If the fruit is
an apple then it is red”, it should be difficult to
construct the =p & —q model, because there are
many possibilities for instantiating this case (e.g.,
as a green pear or a blue banana). As a conse-
quence, the representations of conditionals with
nonbinary categories are more likely to consist of
a single model of the p & q case, whereas the rep-
resentations of conditionals with binary categories
should more often consist of two mental models,
one of the p & q case and one of the =p & —q case.

Applied to the probabilistic truth table evalu-
ation task, the argument of Barrouillet and Lecas
(1998) implies that the conjunctive pattern
should be less prevalent with conditionals using
binary categories than with conditionals using
nonbinary categories. With binary categories, rea-
soners should not as often stick to a single mental
model of the p & q conjunction to represent the
conditional and therefore not judge the probability
of the conditional to equal the probability of that
conjunction. They should instead produce a bicon-
ditional pattern based on two mental models, p &
q and —p & —q. A biconditional pattern means
that people judge the probability of the conditional
as the sum of the probabilities of the p & q and the

—p & —q cases. In the design of Table 1 this means
giving high ratings in condition HH and lower,
about equal, ratings for the other three conditions.
On the basis of the mental-model theory we there-
tore predict that the probability ratings for condi-
tionals with binary categories will display an
interaction of ratio and frequency.

The predictions concerning binarity apply only
to conditionals without negations. With negations
in the conditional’s antecedent or consequent,
binarity is likely to be less important because the
contrast class of a negated category is easy to con-
struct regardless of binarity (e.g., for the con-
ditional “If it is not an apple, it is not red,” it is
easy to construct a model for the false antecedent,
false consequent: it is simply a red apple). The
effect of binarity should therefore interact with
negation, such that binarity has a larger effect
when antecedent and consequent are positive. In
addition, we should expect that negation itself
makes constructing the contrast class easier and
therefore makes the transition from the single-
model to the biconditional representation easier.

Associations with the classical truth table
task and deductive reasoning

The third goal of this experiment was to link the
probabilistic truth table task to two traditional
tasks with conditionals: the classical truth table
evaluation task and the evaluation of deductive
inferences. We therefore asked all participants to
work on the classical truth table task for eight con-
ditionals and to evaluate the four standard infer-
ences’ for 10 conditionals. A very similar study
has been undertaken independently by Evans,
Handley, Neilens, and Over (2006). Both the
theory of mental models and the probabilistic
theory of Evans and Over (2004) can be used to
make predictions for all three tasks in this exper-
iment, and here we discuss how, according to

2 There are four basic inference patterns involving a conditional “If p then q” as premise. Modus ponens (MP) is obtained by

adding a minor premise “p”, which licenses the inference that

« »

Modus tollens (MT) has “not q” as minor premise and licenses

the conclusion that “not p”. Denial of the antecedent (DA) has the minor premise “not p” and the associated conclusion “not q”,
whereas acceptance of the consequent (AC) works with the minor premise “q” and the conclusion “p”. DA and AC are not valid
according to formal logic, but nonetheless are often endorsed by logically untrained people.
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Table 5. Predicted data patterns in the probabilistic truth table task, the classical truth table task, and the inference task

Task
Probabilistic Classical
truth table truth table Inference
Predictions from mental-model theory

Models
TT Freq: HH=HL > LH = LL TFFF MP, AC
TT, FF Freq x ratio HH > HL = LH = LL TFFT MP, AC, DA, MT
TT, FF, FT Freq + ratio: LH > LL = HH > HL TFTT MP, MT

Predictions from the probabilistic theory
Incomplete Ramsey test/no implicature

Freq: HH = HL > LH = LL

TIII, TFFF MP

Complete Ramsey test/no implicature Ratio: HH = LH > HL = LL TFII MP, MT?
Complete Ramsey test/added converse Ratio + freq: HH > HL > LH > LL TFFI MP, AC, MT?
Complete Ramsey test/added inverse Ratio: HH = LH > HL = LL TFFT MP, DA, MT?

Note: Models are expressed in terms of truth table cases as in the first column of Table 4. Predictions for the probabilistic truth table
task are in terms of effects of the two indices, followed by the ranking of probability estimates for the conditions as listed in Table 1.
HH: high frequency of p & q, high ratio. HL: high frequency, low ratio. LH: low frequency, high ratio. LL: low frequency, low
ratio. Predictions for the classical truth table task are patterns of true (T), false (F), and irrelevant (I) judgements for the four cases
of the truth table (see Table 4) from top to bottom. Predictions for the inference task are inferences endorsed; inferences with
question marks are neither predicted to be endorsed nor predicted to be rejected. MP = modus ponens. MT = modus tollens. DA

= denial of the antecedent. AC = acceptance of the consequent.

each of these theories, the response patterns they
predict for the three tasks should relate to each
other. These predictions are summarized in

Table 5.

Classical truth table task

In the classical truth table evaluation task, people
judge for each case of the truth table whether the
conditional is true or false for it. Often a third
response category is offered; people can judge the
truth table case as irrelevant to the truth or
falsity of the conditional (Johnson-Laird &
Tagart, 1969). We refer to response patterns in
this task by strings of letters reflecting judgements
of “true” (T), “false” (F), or “irrelevant” (I) on the
four cases of the truth table from top to bottom in

Table 4. For instance, in pattern TFII participants
judge the truth table case TT as rendering the
statement true, the case TF as rendering it false,
and the cases FT and FF as being irrelevant.
Barrouillet and Lecas (1998) have classified
response patterns in a production version of the
classical truth table task as to whether they
reflect representations consisting of one mental
model (conjunctive pattern), two mental models
(biconditional pattern), or three mental models
(material conditional pattern). The single-model
representation should lead to patterns in which
the case matching this model, TT, is judged as
true, and the other three cases as either false (yield-
ing TFFF) or as irrelevant (yielding TII).? A two-

model representation consisting of models of cases

3 Johnson-Laird and Byrne (1991) argued that a representation consisting of a single TT model can be used to explain the TFII

pattern: The TT case matches the explicit model and therefore is judged T, and the false-antecedent cases are not explicitly modelled
and are therefore regarded as irrelevant. But how can people figure out that the TF case renders the conditional false? In the version of
the model theory presented in 1991, the single model of the T'T case was augmented with symbolic annotations that served this purpose.
A model of “If p then q” was noted as [p] q, where the square brackets indicated that the antecedent term was represented exhaustively.

Therefore, no further model could involve p, and this rules out the p & —q case as a possibility. The more recent version of the model
theory (Johnson-Laird & Byrne, 2002), however, dropped the square brackets and thereby undermined the explanation for the TFII
pattern in the classical truth table task. The theory must predict pattern TFFE or pattern TIII from the single-model representation.
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TT and FF reflects an understanding of condi-
tionals as biconditionals and corresponds to a
TFFT pattern in the truth table task. The three-
model representation corresponds to the material
conditional, as reflected in a TFTT pattern of
judgements across the four truth table cases.
Barrouillet and Lecas found the conjunctive
pattern to be the most frequent among young chil-
dren in their production version of the truth table
task, the biconditional pattern emerging in older
children, and the three-model pattern appearing
latest in development. Barrouillet and Lecas
(1999) linked this developmental progression to
working-memory capacity.

Evans and Over (2004) assume that people
evaluate the believability of a conditional
through the Ramsey Test. If executed completely,
it takes into account case TT as supporting the
conditional and case TF as contradicting it. The
two cases with false antecedent are irrelevant for
the computation of the conditional probability.
The complete Ramsey Test should therefore gen-
erate pattern TFII; it is the most frequently
observed response pattern in the classical truth
table task (Johnson-Laird & Tagart, 1969). A
Ramsey Test conducted incompletely is assumed
to yield only a representation of the TT case as
supporting the conditional; the remaining cases
will be judged as irrelevant (resulting in pattern
TTII) or as false (resulting in TFFF).

Evans and Over (2004) assume that people
sometimes add the converse to a given conditional
(e.g., add “If q then p” to “If p then q”), or add the
inverse (“If not p then not q”) by way of pragmatic
implicature. Evaluating these enriched interpret-
ations of the conditional requires a double
Ramsey Test, one for each conditional. As Evans
and Over (2004, p. 35) show, adding the converse
would lead to pattern TFFI, and adding the
inverse would lead to pattern TFFT. The results
from Experiment 2 make it seem unlikely,
however, that people add the converse to a basic
conditional in the context of the probabilistic
truth table task, and other research from our
laboratory shows that they do not add the inverse
either (Oberauer, Weidenfeld, & Fischer, 2005).
Therefore, it is difficult to make a prediction

of how response patterns TFFI and TFFI
should relate to responses in the probabilistic task
version.

According to the mental-model theory, par-
ticipants in the classical truth table task judge
some cases as irrelevant because they fail to fully
flesh out the mental models of the statement’s
truth conditions. If this is the case, then removing
the response option “irrelevant” might be one way
to induce people to flesh out their models of the
conditional. This move should reveal response
patterns in accordance with the truth-functional
interpretation of conditionals as material con-
ditional or biconditional. From the probabilistic
view of conditionals, “irrelevant” is the only
reasonable judgement for the false-antecedent
cases, so when forced to treat the conditional as
truth functional, they should judge these cases
at random. To explore this issue, we used two
variants of the classical truth table task, one
with and one without the response option
“irrelevant”.

Deductive inference task

The inference evaluation task consists of evaluat-
ing the four basic inferences modus ponens
(MP), modus tollens (M), acceptance of the con-
sequent (AC), and denial of the antecedent (DA,
see Footnote 2) as to whether the conclusion
tollows with logical necessity from the two pre-
mises. Patterns of evaluating the four inferences
can also be classified according to the assumed
underlying mental-model representations
(Barrouillet & Lecas, 1998; Johnson-Laird et al.,
1992). A representation consisting of a single T'T
model should support accepting MP and AC
inferences but not DA and MT inferences,
because the premises of the latter two inferences
(negated antecedent and negated consequent,
respectively) cannot be integrated with the
model. A representation consisting of a TT
model and an FF model should support accepting
all four inferences, because each minor premise can
be integrated with exactly one of the models and
rules out the other model. An even more elaborate
representation consisting of three models (T'T, FF,
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and FT), reflecting the material-conditional
interpretation, would lead to accepting MP and
MT and rejecting AC and DA.

From the perspective of the model theory,
therefore, we should expect that people displaying
a conjunctive pattern in the probabilistic truth
table task (and the classical truth table task) are
more likely than others to show a conjunctive
pattern in the inference evaluation task (i.e., accep-
tance of MP and AC only). The biconditional
pattern TFFT in the classical truth table task
should go together with acceptance of all four
inferences, and pattern TFIT with accepting
just MP and MT. For the probabilistic truth
table task, the two-model and three-model rep-
resentations predict patterns rarely observed so
far, but they might become more prevalent with
conditionals that use binary categories or nega-
tions, thereby making construction of the FF
model easier (as discussed above). In any case,
none of the model representations predicts
the conditional-probability pattern in the prob-
abilistic task, so it is difficult to derive predictions
from the model theory as to which responses in
the other two tasks should correspond to that
pattern.

According to the probabilistic theory, the MP
inference will be endorsed frequently, because it
follows directly from a high P(q|p). Inference AC
will be endorsed if people add the converse to the
given conditional, and DA will be endorsed if
they add the inverse. Acceptance of AC should
therefore be associated with a TFFI pattern in the
classical truth table task, and DA with pattern
TFFT. Again, it is difficult to predict associations
with responses in the probabilistic task because
people do not seem to add the converse or the
inverse to basic conditionals in that task.

Method

Participants

Participants were 100 high-school students aged 16
to 19 years: 66 men and 34 women. They were
reimbursed with 6€ for a single session of about
45 minutes that took place in a university laboratory.

TWO MEANINGS OF “IF”?

Materials

Probabilistic truth table task. We constructed 16
conditionals using binary categories for both ante-
cedent and consequent and 16 conditionals using
nonbinary categories. The conditionals stated
arbitrary relations between two realistic prop-
ositions. Each conditional was embedded in a
short context story to make it plausible and to
set the frame in which the contrast classes of the
concepts in the conditional were defined. The
context story involved information about the fre-
quencies of the four truth table cases, presented
as a short list (as in Experiments 1 and 2). Below
it a single question was printed, asking for an esti-
mate of the probability of the conditional on a
scale from 0 to 100. For example, one story with
a binary-category conditional in the version
without negations and condition HH was:

A doctor did a statistical survey on twins. He
noticed:

900 monozygotic twins were right handed
100 monozygotic twins were left handed
500 dizygotic twins were right handed
500 dizygotic twins were left handed.

One twin is picked at random from this
sample. How likely is it that the following
statement is true: “If it is a monozygotic
twin, then she or he is right handed”?

Each set of 16 conditionals was further divided
into four subsets of four conditionals. Each subset
was used for one replication of the basic design in
Table 1. To avoid repeating the same frequencies
over and over again, we used four different versions
of the frequencies in Table 1: the original, one
obtained by dividing all numbers by two, one by
multiplying all numbers by two, and one by multi-
plying all numbers by three. The relative frequen-
cies were obviously unaffected by this variation.

One of the four subsets was assigned to each of
the four negation conditions, PP, PN, NP, and
NN (P for positive, N for negative, the first
letter referring to the antecedent, the second to
the consequent). Negations were introduced such
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that the meaning of the conditional remained the
same; for instance, the conditional in the example
above, in the version with negation of the antece-
dent and the consequent, was “If it is not a dizygo-
tic twin, then she or he is not left handed”. For
each participant, the 16 conditionals (with their
cover stories) in each binarity condition were
assigned at random to the four subsets of the nega-
tion conditions and to the four conditions of the
basic design within each negation condition. The
presentation order of the four frequencies in the
list as part of each context story was also deter-
mined at random for each participant and each
trial.

Classical truth table evaluation task. The condi-
tionals used for this task related colours and
letters—for instance, “If the letter is red then it
is a B”. There were four conditionals, constructed
by crossing negation of the antecedent with nega-
tion of the consequent. Each conditional was fol-
lowed by a display of four coloured letters
representing the four cases of the truth table,
arranged in a column on the left of the screen in
random order. To the right of each letter there
were three response buttons labelled “true”,
“false”, and “irrelevant”.

Inference evaluation task. We constructed 10 new
conditionals: 5 with binary and 5 with nonbinary
categories. Each conditional was combined with
four minor premises and four corresponding con-
clusions, building the four inference forms MP,
MT, AC, and DA (see Footnote 2). None of the
conditionals involved negations.

Procedure

The three tasks were controlled and administered
by a computer program written in php.
Participants first worked on the probabilistic
truth table task, followed by the inference evalu-
ation task, and finally by the classical truth table
task.

Probabilistic truth table fask. Participants were
assigned at random to one of two groups. One
group received the 16 binary conditionals first,

followed by the 16 nonbinary ones without
notice or break; the other group received the
reverse order. On the first screen participants
received a written instruction asking them to care-
tully read the short stories including the con-
ditional and to make the probability judgement
by estimating, not performing mathematical calcu-
lations. Following this, each conditional was pre-
sented with its context story and the associated
question on one page of the computer screen.
Participants entered their probability ratings as
numbers between 0 and 100 and confirmed them
by pressing the return key, which led to the next
screen with the next conditional.

Classical truth table evaluation task. Participants
were instructed to judge for each letter whether
it renders the statement on the top of the screen
true, renders it false, or is irrelevant for its truth
or falsity. After one example that they judged
themselves, participants worked through the four
conditionals, judging four letters for each of
them. After completion of these judgements,
they received a further instruction screen inform-
ing them that they would have to make the same
judgements again, this time without the response
category “irrelevant”. After that, the same four
conditionals and their associated letters were pre-
sented again in a new random order, now with
only the response categories “true” and “false”.

Inference evaluation task. Participants first read an
instruction asking them to evaluate whether the
conclusion followed logically from the two given
statements. They were to accept the given state-
ments as true and to judge whether the conclusion
followed from them with necessity, regardless of
whether it matched their experience. Two practice
trials were given, one with a disjunction as the
major premise—with the solution given and
explained—and a second one with a conditional
as the major premise, to be solved by participants.
This introduction was followed by 10 screens, each
containing four inference evaluation tasks
arranged from top to bottom, separated by thin
lines. The four tasks on each screen represented
the four inference forms (MP, MT, AC, and
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DA) in random order, using the same conditional
as major premise. Each task consisted of two lines
with the two premises (i.e., the conditional
premise was repeated for each task), followed by
the conclusion after a blank line. Below this two
buttons were displayed, labelled “follows” and
“does not follow”, one of which was to be
clicked. At the bottom of the page there was a
button labelled “next”, which led to the next
screen if all four tasks on the present screen had
been answered; if one or more tasks had been
skipped, a reminder was displayed instead, point-
ing out which tasks still had to be answered.

Results

We first report results pertaining to the internal
consistency of people’s response patterns in the
probabilistic truth table task, followed by an analy-
sis of the experimental effects of negation and
binarity, and finally associations between response
patterns in the probabilistic truth table task and
the other two tasks.

Consistency of judgements in the probabilistic truth
table task

From each participant we obtained eight indepen-
dent measures of her or his frequency index and
ratio index. The internal consistencies of these
indices, Cronbach’s alpha, were .82 for frequency
and .83 for ratio. These are impressively high
values for psychometric scales consisting of only
eight items. They imply that people’s weighting
of information for estimating the probability of a
conditional,—that is, how much they take the fre-
quency of the T'T case into account and how much
they take the ratio of T'T cases to TF cases into
account—can be measured with high reliability
and consistency across different conditionals with
different context stories, different absolute fre-
quencies of truth table cases, and different combi-
nations of positive and negated components.

We therefore built composite indices by aver-
aging the eight frequency indices and the eight
ratio indices. The composite frequency index cor-
related —.55 (Spearman’s rho) with the composite
ratio index. Figure 3 shows the bivariate histogram

TWO MEANINGS OF “IF”?
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Figure 3. Bivariate histogram of composite frequency and ratio
indices, Experiment 3

of the composite frequency and ratio indices. Two
clearly demarcated peaks can be discerned: a larger
one centred at the coordinates of frequency
index = 0, and ratio index = 80, in line with
the conditional-probability interpretation, and a
smaller one close to the coordinates corresponding
to the conjunctive interpretation (i.e., frequency
index = 80, and ratio index = 0). The strong
negative correlation of the two indices and their
pronounced bimodal distributions underscore the
assumption that most participants fall into one of
these two groups. Using again 40 as cut-offs on
both indices (as for Table 2), we classified 70 par-
ticipants into the conditional-probability group,
18 participants into the conjunctive group, and
the remaining 12 participants into a group with
both index values below 40. The degree of consist-
ency in group membership becomes apparent
when we classify participants independently on
the basis of their mean indices from the binary
conditionals and those from the nonbinary condi-
tionals. Table 6 presents a cross-tabulation of class
memberships from these two independent
classifications.

Negation and binarity
Participants’ estimates of the probability of the
conditionals, broken down by the design factors,
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Table 6. Consistency of classification of participants into four
categories of response patterns in the probabilistic truth table task

Freq < 40, Freq < 40, Freq > 40, Freq > 40,
ratio < 40 ratio > 40 ratio < 40 ratio > 40

Freq < 40, 4 9 3 0
ratio < 40

Freq < 40, 6 58 1 2
ratio > 40

Freq > 40, 1 1 13 0
ratio < 40

Freq > 40, 0 0 1 0
ratio > 40

Note: Categories based on binary conditionals are in the left-
most column; categories according to nonbinary conditionals
are in the top row.

are shown in Table 7. These data were analysed by
a within-subjects ANOVA with negation of the
antecedent (2), negation of the consequent (2),
binarity (2), frequency (2), and ratio (2) as inde-
pendent variables. The meanwhile well-known
main  effects of frequency and  ratio
were significant again, F(1, 98) = 27.0, partial
7’ = .22, and F(1, 98) = 308.9, partial n* = .76,
respectively, both p < .001. Few effects of the
new factors became significant. The probability of
conditionals with positive antecedents was rated
slightly higher than that of conditionals with nega-
tive antecedent, but only in the high-ratio con-
ditions, as reflected by an interaction between
negation of the antecedent and ratio, F(1, 98) =
17.1, p < .001, partial n? = .15. In other words,
the effect of ratio was stronger for conditionals

with positive antecedent (73 vs. 45) than for
those with negative antecedent (69 vs. 46). The
interaction between negation of the consequent
and frequency approached significance, F(1, 98)
=5.7, p= .02, partial 17 = .06. The effect of fre-
quency was larger with positive consequents (63 vs.
54) than with negative consequents (61 vs. 55). No
other main effect or interaction was significant.

The two interactions can be interpreted as
reflecting the execution of the Ramsey Test modu-
lated by a positivity bias—that is, a tendency to
regard positive instances of the categories used in
a conditional as more relevant than negative
instances. When a conditional has a positive ante-
cedent, the two cases relevant for the Ramsey Test,
the T'T case and the TF case, are cases of positive
instances (i.e., the p & q conjunction and the p &
—q conjunction), whereas with negative antece-
dents, the relevant cases are cases that do not
match the category in the conditional (i.e., =p &
q and —p & —q). Therefore, the positivity bias
would turn attention to the relevant cases for the
Ramsey Test only for conditionals with positive
antecedents, and this should lead to more success-
fully completed Ramsey Tests, which generate a
more pronounced effect of ratio on the probability
ratings for the conditional.

The second, marginally significant, interaction
between frequency and the negation of the conse-
quent supports the hypothesis that the conjunctive
pattern is due to people who conduct the Ramsey
Test incompletely. The Ramsey Test in the

present experimental paradigm  consists of

Table 7. Mean estimates of the probability of the conditional in Experiment 3, by negation of the antecedent, negation of the consequent,

binarity, and the conditions of the basic design

Nonbinary Binary
HH HL LH LL HH HL LH LL
PP 74.4 (24.6) 49.5 (10.2) 66.6 (36.4) 37.9 (19.1) 80.1 (38.4) 49.7 (8.1) 69.3 (32.1) 40.7 (16.7)
PN 77.6 (22.0) 47.8 (11.1) 70.3 (32.6) 43.1 (18.1) 70.3 (29.8) 47.6 (8.9) 70.4 (33.3) 42.9 (19.1)
NP 72.6 (24.3) 50.0 (11.4) 66.7 (34.8) 39.7 (19.7) 72.8 (24.1) 51.1 (13.6) 66.4 (33.4) 43.9 (18.7)
NN 72.0 (24.7) 48.3 (12.0) 62.3 (35.9) 40.4 (17.4) 71.0 (27.5) 51.2 (13.2) 65.7 (34.8) 42.9 (17.8)

Note: PP = positive antecedent and consequent. PN = positive antecedent, negative consequent. NP = negative antecedent, positive
consequent. NN = negative antecedent and consequent. HH = high frequency, high ratio. HL = high frequency, low ratio. LH =

low frequency, high ratio. LL = low frequency, low ratio. Standard deviations are in parentheses.
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comparing the frequencies of two truth table cases,
one involving q and the other involving —q (see
Table 4). An incomplete Ramsey Test results in a
probability estimate that is based on only one of
these two truth table cases. With a bias toward
attending to positive instances, this will mostly be
the case involving q and rarely the case involving
—q. When the conditional has a positive conse-
quent, the cases involving q are the T'T cases (i.e.,
p & q for conditionals with positive antecedent,
and —p & q for conditionals with negative antece-
dents). When the conditional has a negative conse-
quent, however, the truth table cases involving q are
the TF cases. The conjunctive pattern, and with it
the main effect of frequency in the ANOVA, can
arise only from an incomplete Ramsey Test
ending up with an estimate of the TT case, not
from one that estimates the TF case first and
then stops. The conjunctive pattern should there-
fore be more likely to occur when the conditional
has a positive consequent, so that the positivity
bias lures participants into attending to the TT
case first and then maybe forgetting to set it into
relation to the TF case. The observed interaction
matches this prediction, but the effect was small,
and even with conditionals that have a negated con-
sequent there was a clear main effect of frequency,
(1, 98) = 15.6, p < .001, partial 7° = .14.
Therefore, the notion of an incomplete Ramsey
Test, biased toward the TT case by a positivity
bias, cannot fully explain the occurrence of the con-
junctive pattern.

This becomes clear also when we classify partici-
pants’ response patterns (as in Table 2 for

TWO MEANINGS OF “IF”?

Experiment 1). Table 8 shows the numbers of
cases falling into the four categories of patterns, sep-
arate for the four negation conditions (indices were
averaged across the binarity factor for this table).
There was a substantial number of conjunctive pat-
terns (i.e., high frequency index, low ratio index) in
all combinations of negation. In fact, classifying
response patterns only on the basis of conditionals
with negated consequents (i.e., the left two
columns of Table 8) reduced the number of
responses falling into the conjunctive-pattern cell
by just one, compared to when classifying them on
the basis of conditionals with positive consequents.

The binarity manipulation yielded little support
for the mental-model account. The model theory
predicts that the conjunctive pattern should be
most prevalent with nonbinary conditionals and
with conditionals without negation, because for
these conditionals the model construction
process is most strongly biased toward construct-
ing just the T'T model and no other model. This
expectation translates into the prediction of two-
way interactions of the frequency effect with binar-
ity and with both negation factors. The interaction
of frequency with negation of the consequent
reported above goes in the expected direction.
The other two interactions did not come close to
being significant (F < 1.8, p > .19). Negation of
the antecedent had, if anything, the opposite
effect of what the model theory predicts: Table 8
shows more conjunctive patterns with negative
than with positive antecedents.

Another prediction from the mental-model
account is that binary categories (with positive

Table 8. Classification of participants’ response patterns in the probabilistic truth table task, for conditionals

in the four negation conditions of Experiment 3

Consequent
Positive Negative
Antecedent Frequency Ratio < 40 Ratio > 40 Ratio < 40 Ratio > 40
Positive <40 15 64 18 65
>40 16 4 16 0
Negative <40 22 54 20 57
>40 21 2 20 2
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conditionals), as well as negations in the condi-
tionals, should advance a biconditional represen-
tation. A biconditional model representation
should translate into an interaction of ratio and
frequency. We found no trace of this interaction,
neither when focusing on positive conditionals
with binary categories nor when focusing on con-
ditionals with two negations and nonbinary cat-
egories (both Fs < 1).

Relation between the probabilistic and the classical
truth table task

Table 9 presents the frequencies of the most fre-
quent response patterns in the classical truth
table evaluation task. The five response patterns
in the first five rows of the table were of particular
theoretical interest, because they correspond to
patterns predicted by either the model theory
(TFFF for a single model, TFFT for a bicondi-
tional set of two models, and TFTT for the full
set of three models) or the probabilistic theory of

Evans and Over (2004; TFFF for the incomplete
Ramsey Test, TFII for the complete Ramsey
Test without added implicatures, TFFI for the
double Ramsey Test when adding the converse,
and TFFT for people who add the inverse). A
further pattern possibly predicted from the incom-
plete Ramsey Test, TIII, occurred hardly at all in
our data.

Several features of the results in Table 9 are
noteworthy. First, when the category “irrelevant”
was not available, most response patterns fell into
the three categories predicted by the mental-
model theory (i.e., TFTT, TFFT, and TFFF).
When the category “irrelevant” was permitted,
the majority of response patterns fell into the cat-
egories predicted by the conditional-probability
account (TFII and TFFI). The TFFI pattern
was also frequently given in the present exper-
iment, though only for conditionals with a positive
consequent. With a negative consequent, pattern
TFIT was chosen conspicuously often. Evans

Table 9. Frequencies of the most frequent response patterns in the classical truth table evaluation task

Tasks with response “irrelevant”

Tasks without response “irrelevant”

Pattern PP PN NP NN PP PN NP NN
TFTT 1 2 2 1 26 48 21 23
TFFT 4 0 3 7 50 23 49 40
TFFF 2 3 3 4 19 19 20 15
TFII 36 45 35 34

TFFI 36 4 22 4

TFIT 0 21 0 13

TIFI 9 0 13 0

TIFF 3 1 4 1

TIFT 1 0 7 0

TFTF 1 1 1 0 4 5 1 3
TTFT 0 0 0 0 0 0 6 4
FTTF 0 0 0 1 0 2 2 5
FTIF 0 5 1 2

FTII 0 2 0 6

IFIT 0 5 0 2

IFFT 0 2 0 9

Others 9 12 12 17 5 5 3 10

Note: P = positive, N = negative, first letter refers to antecedent and second letter to consequent of the conditional.
T = true, F = false, I = irrelevant; the four letters in a pattern refer to judgements of the four truth table cases in
the order TT, TF, FT, and FF. The table lists patterns of theoretical interest (first five lines) and patterns with a
frequency >4 in any of the 2 (binarity) x 4 (negations) conditions. Frequencies are in percentages (N = 100). Empty

cells represent patterns not possible in the task without response option “irrelevant”.
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and Over (2004) interpreted pattern TFFI as
arising from people who add the converse to the
given conditional. Experiment 2 has cast doubt
on the assumption that people spontaneously add
the converse to basic conditionals; moreover, that
interpretation cannot explain why pattern TFFI
is limited to conditions with a positive consequent.
We interpret patterns TFFI and TFIT as arising
from a blend of the biconditional pattern TFFT
and the conditional-probability pattern TFII,
with positivity bias (also known as a matching
bias) determining which of the two false-antece-
dent cases is judged as irrelevant. With a positive
consequent, the third truth table case (FT)
includes the positive consequent case q, and the
fourth (FF) includes the negative case —g,
whereas the reverse is true with a negative conse-
quent (see Table 4). A positivity bias would there-
fore predict more “irrelevant” judgements for FF
cases with positive consequents and more for FT
cases with negative consequents.

We formally evaluated positivity bias by com-
puting a positivity index from the truth table
evaluations on the first four conditionals (i.e.,
those with response category “irrelevant”) in the
following way: Each time a fully positive case—
that is, a p & q case—was judged as relevant (T
or F), and each time a fully negative case—that
is, a =p & —q case—was judged as irrelevant, the
index was increased by 1. Each time a fully

TWO MEANINGS OF “IF”?

negative case was judged as relevant, or a fully
positive case as irrelevant, the index was decre-
mented by 1. Perfect adherence to positivity bias
would result in a positivity index of 8; no bias
would result in an index of 0. The mean positivity
index was 4.0 (SD = 1.8), significantly larger than
zero, (99) = 21.7, p < .001.

Next we computed six indices to reflect the
degree to which individual participants generated
each of the six most important patterns. Indices
for patterns TFII, TFFI, and TFIT were com-
puted from the first pass through the task, and
indices for patterns TFTT, TFFT, and TFFF
were computed from the second pass in which
the “irrelevant” category was removed. We first
computed each index separately for each of the
four conditionals, setting it to 1 if the participant
produced the pattern in question for that con-
ditional and to O otherwise. The final index was
the average of these four binary variables. The
reliability of each index was estimated by
Cronbach’s alpha, using the four binary variables
as items of the scale. Table 10 reports the mean
index values, their estimated reliabilities, and
their correlations.

Three observations are noteworthy in these
data. First, they support our conclusion that the
TFFI and TFIT patterns are derivatives of the
biconditional TFFT pattern: Both correlated posi-
tively with the TFFT index and positively with

Table 10. Means, Cronbach’s alphas, and Spearman rank correlations of indices from the classical truth table task

TFIT TFFI TFIT TFTT TFFT TFFF
Mean .37 .16 .09 .30 41 18
SD 41 22 .14 .38 .38 .34
Cronbach’s alpha .86 .50 .19 .87 .81 .90
TFFI (—.44%*)
TFIT (—.43*%) (.27%%)
TFTT 28** -.22* -.01
TFFT —-.26% 344 29%* (—.46*%)
TFFF .04 -.05 -.16 (—.40**) (=.39**)
Frequency -.05 .18 -.08 =31 -.03 26"
Ratio 26%* -.15 -.05 34+ -.06 —.22%

Note: TFII, TFFI, etc. refer to indices computed from the response patterns in the classical truth table evaluation task

(see text). T = true, F = false, I = irrelevant. Frequency and ratio are the composite indices from the probabilistic
truth table task. Parentheses mark correlations between statistically dependent variables.

*p < .05.*p < 01
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each other. Second, the TFII index was correlated
positively with the TFTT index, meaning that
people who produced the conditional-probability
pattern TFII when permitted to judge cases as
“irrelevant” tend to produce the material-con-
ditional pattern TFT'T when this option was not
available. Third, apart from the TFFI and TFIT
indices the reliabilities of the indices were extre-
mely high, documenting a high degree of consist-
ency in people’s evaluation of the conditionals
across the four negation conditions. The low
reliabilities of the TFFI and TFIT indices are
understandable in light of the data in Table 9:
These patterns are produced only in two of the
four negation conditions. Their positive corre-
lation suggests that they tend to stand in for
each other, depending on the effect of positivity
bias in each negation condition. The remaining
negative correlations between indices from the
same set of conditionals (put in parentheses in
the table) are not informative because they reflect
the statistical dependency between these indices.
The most interesting question in the present
context is how people’s preferences for one of the
two judgement patterns in the probabilistic truth
table task (conjunctive and conditional-probability
pattern) related to their preferences for one of the
patterns in the classical truth table evaluation task.
The correlations of the composite frequency and
ratio indices from the probabilistic task with the
six indices from the classical task are listed at the
bottom of Table 10. The pattern of correlations

provides partial validation of our interpretation
of the response patterns in the classical and the
probabilistic truth table tasks. The TFII index
was positively correlated with the ratio index, in
line with the assumption that they both reflect a
conditional-probability interpretation. The TFFF
index was positively correlated with the frequency
index and negatively correlated with the ratio
index, confirming the notion that both a TFFF
pattern and a combination of high frequency
index and low ratio index reflect a conjunctive
interpretation of the conditional. An unexpected
result was that the TFTT pattern, supposed to
reflect a material interpretation of conditionals,
correlated positively with the ratio index and nega-
tively with the frequency index. This means that
people displaying the conditional-probability
pattern in the probabilistic truth table task
tended to produce the TFTT pattern in the classi-
cal version of the task when the response category
“irrelevant” was not available. When this response
category was available, they tended to produce the
TFII pattern.

It must also be noted, however, that the associ-
ations of indices from the two truth table tasks were
not impressively strong. This became even more
apparent when we cross-classified participants
according to their response patterns in the prob-
abilistic task and the classical truth table task.
The rows of Table 11 show three categories of
response patterns on the probabilistic task built
from crossing the frequency and the ratio index

Table 11. Cross-classification of participants by response patterns in the probabilistic and the classical truth table

tasks
Classical
Conditional probability|

Probabilistic Conjunctive material conditional Biconditional Total
Conjunctive 5 2 8 15
Conditional probability 12 30 24 66
Both indices < 40 4 4 4 12
Total 21 36 36 93

Note: Top row reflects categories from classical truth table evaluation task. First column reflects categories
from probabilistic truth table evaluation task (conjunctive: composite frequency index > 40, composite
ratio index < 40; conditional probability: frequency index < 40, ratio index > 40). A total of 7 participants
were not classified because they had ties in their indices from the classical truth table task.

812 THE QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY, 2007, 60 (6)



Downloaded By: [University of Bristol Library] At: 12:18 23 May 2007

(the fourth category remained empty). The six
indices from the classical task were reduced to
three on the basis of their correlations: The
TFFF index was used to reflect a conjunctive
pattern, the mean of the TFII index and
the TFTT index was used to reflect a conditional-
probability/material conditional pattern, and the
mean of TFIT, TFFI, and TFFT indices was
used to reflect a biconditional pattern. Each partici-
pant was classified into one of the three categories
in the top row of Table 11 based on which of the
three composite indices had the highest value for
them (7 participants could not be classified
because of ties). The cross-classification in
Table 11 showed little systematicity, and the
association between the categories from the two

tasks was not significant, Y4 = 6.3, p=.18.

Relations of truth table tasks to deductive inference
evaluation

For analysis of the inference task we computed the
proportion of acceptance across the 10 condi-
tionals for each inference pattern and each partici-
pant. The means and standard deviations of these
acceptance rates were .97 (.08) for MP, .72 (.28)
for MT, .63 (.37) for AC, and .61 (.35) for DA.
These values are in accordance with the literature,
with near-universal acceptance of MP, consider-
ably less acceptance of MT, and frequent accep-
tance of the two inference forms that are not
valid according to formal logic, AC and DA
(Evans, 1993).

We computed separate acceptance rates for the
four inferences with binary and nonbinary condi-
tionals to assess their retest reliability. The corre-
lations were rho = .28 for MP, .63 for MT, .85
for AC, and .73 for DA. With the exception of
MP, which had severely restricted range, the
acceptance rates had reasonable reliability. Next
we correlated the acceptance rates of MP, MT,
AC, and DA with the two composite indices
derived from the probabilistic truth table task.
None of these correlations was significant at
p < .01; at a more lenient alpha level of .05 the
AC and DA acceptance rates showed a significant,
but weak, negative correlation with the ratio index,
rho = —.22 and -.25, respectively, whereas MP
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was positively correlated with the ratio index,
rho = .20.

A second analysis directly compared the two
groups of interest identified through the probabil-
istic truth table task—18 participants classified as
producing the conjunctive pattern (i.e., high com-
posite frequency index combined with low compo-
site ratio index) and 70 participants classified as
showing the conditional-probability pattern (i.e.,
low frequency, high ratio index). Acceptance
rates of MP, MT, DA, and AC were entered as
dependent variables into a multivariate ANOVA
with group as independent variable. This analysis
did not yield a significant effect of group, Wilk’s
lambda = .92, F(4, 83) = 181, p = .13.
Acceptance rate of DA, however, was substantially
lower in the “probabilistic” group (.58) than in the
“conjunctive” group (.74), and this difference was
significant at the conventional .05 criterion after
correcting for unequal variances, #42.3) = 2.3,
p = .03. This result can be regarded as weak evi-
dence that participants who estimate the prob-
ability of a conditional differently also differ in
their evaluation of inferences from conditionals.
It is not the result anticipated on the basis of the
mental-model theory, though, which predicts
that people showing the conjunctive pattern in
the probabilistic truth table task should tend to
accept only MP and AC in the inference task
(Barrouillet & Lecas, 1998).

Finally, we correlated the acceptance rates of
the four inferences with the three composite
indices derived from the classical truth table task.
The conditional-probability/material conditional
index correlated negatively with AC and DA
(tho = -.35 and -.38, respectively). With the
more lenient alpha level of .05 the positive corre-
lations of the conjunctive index with AC and
DA (tho = .25 and .21, respectively) also
became significant, as well as a correlation of the
biconditional index with DA (rtho = .24). All
other correlations were nonsignificant. A multi-
variate analysis of variance (MANOVA) with the
four inference acceptance rates as dependent vari-
ables and the three categories of participants (see
the header of Table 11) as independent variable
revealed a significant effect, F(8, 174) = 2.17,

THE QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY, 2007, 60 (6) 813



Downloaded By: [University of Bristol Library] At: 12:18 23 May 2007

OBERAUER ET AL.

p = .03, Wilk’s lambda = .83. Separate ANOVAs
for each inference acceptance rate as dependent
variable showed no effect on MP and MT (both
F < 1), but significant group differences for AC,
F(2, 90) = 6.2, p = .003, partial 7° = .12, and
for DA, F(2, 90) = 5.1, p = .008, partial n* =
.10. Both AC and DA were accepted less by
participants in the conditional-probability/
material conditional group (.46 and .45) than in
the other two groups (.73 and .69). This result is
in line with the mental-model account of the
TFTT pattern as reflecting an elaborate set of

three mental models, which leads to acceptance
of MP and MT but rejection of AC and DA.

Discussion

This experiment yielded a number of important
results. First, the two indices derived from the
probabilistic truth table task and the classification
of participants by them turned out to be highly
consistent across different contents of the condi-
tionals and across variations of negation and binar-
ity. People tend to apply the same strategy to
estimate the probability of a conditional on
repeated occasions. This is consistent with the
idea that they endorse one of two possible
interpretations of what 7/ means and stick to it
across different applications of the concept. It
rules out the interpretation that the differences
in response patterns observed in previous studies
(Evans et al., 2003; Oberauer & Wilhelm, 2003)
were merely due to random noise or situational
factors.

Second, the manipulation of negation in the
antecedent and the consequent of the conditional
revealed a positivity bias that biases the Ramsey
Test toward focusing on the positive truth table
cases. Positivity or matching bias has been fre-
quently observed in the classical truth table evalu-
ation (and production) tasks, and we replicated it
here. Although the empirical manifestations of
positivity bias are not the same in the two para-
digms and therefore cannot be compared directly,
our impression is that whereas the positivity-bias
effect was very strong in the classical task (more

than 2 8D units), it was weak in the probabilistic
task. In particular, even when the positivity bias
would focus attention on the TF case and away
from the TT case (i.e.,, for conditionals with
negated consequents), the effect of the frequency
of the T'T case on people’s estimates of the prob-
ability of the conditional was hardly diminished.
The idea of an incomplete Ramsey Test that is
biased toward focusing on the positive conjunction
therefore goes only a small way toward explaining
the conjunctive pattern of responses in the prob-
abilistic truth table task.

A third finding was that neither our manipu-
lation of binarity nor that of negation had the
effect predicted by the mental-model account, as
derived from the work of Barrouillet and Lecas
(1998). Neither binary categories nor negations
apparently moved participants to construct
further models beyond the initial model of the
TT case in the probabilistic task.

A fourth set of findings provides modest evi-
dence for the validity of individual differences
observed in the probabilistic truth table task. A
conjunctive answer pattern in that task was associ-
ated with a preference for the conjunctive pattern
TFFF in the classical task. People who judged
the probability of a conditional according to the
probabilistic view tended to produce the TFII
pattern in the classical task. The TFII pattern is
the normative pattern of evaluations when the
conditional is understood as reflecting a high con-
ditional probability of the consequent, given the
antecedent: The T'T case supports the conditional,
the TF case violates it, and the false-antecedent
cases are irrelevant. When the response category
“irrelevant” was removed, people endorsing the
conditional-probability interpretation tended to
resort to the TFTT pattern, which reflects the
material conditional. From these data it seems
that the conditional-probability interpretation
of conditionals and the interpretation as
material conditional are not as alien to each
other as theorists frame it in the current debate
(Evans, Over, & Handley, 2005; Girotto &
Johnson-Laird, 2004).

It must be said, however, that the correlations
between individual difference measures from all
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three tasks—probabilistic and classical truth table
task and inference task—were disappointingly
small, too small to confidently interpret them as
reflecting individual differences in the same under-
lying representations and processes. All measures
had reasonably high reliability, so the weak
correlations between indices of different tasks
cannot be explained away as arising from low
reliability. The conclusion seems inevitable that
individual differences in response patterns pro-
duced in the three tasks arise in part from different
representations or processes. This conclusion is
reminiscent of a previous study comparing differ-
ent tasks involving conditionals (Thompson,
2000). Thompson observed that the inference
task, the classical truth table task, and the
Wason card selection task were affected differently
by variations of content, pointing to the task-
specific nature of reasoning processes involving
conditionals.

GENERAL DISCUSSION

This research started from the observation of pro-
nounced individual differences in people’s esti-
mations of the probability of a conditional
statement, given information about the frequency
distribution of relevant cases (Evans et al., 2003;
Oberauer & Wilhelm, 2003). The evidence from
the preceding studies pointed to a rare case of indi-
vidual differences where, rather than varying on a
continuum, individuals can be separated into two
qualitatively different subgroups. Each of these
groups seemed readily interpretable in light of
one major theory of reasoning with conditionals.
The larger group behaved as expected from the
conditional-probability view (Evans et al., 2003;
Oaksford & Chater, 2001; Over et al., 2005), in
particular the Ramsey Test as proposed by Evans
and his colleagues. The smaller group behaved as
expected from the theory of mental models
(Johnson-Laird & Byrne, 2002; Johnson-Laird
et al.,, 1992), in particular the assumption that
people usually represent a conditional by a single
model for the conjunction of true antecedent and
true consequent. Unfortunately, the two theories

TWO MEANINGS OF “IF”?

as they stand are mutually contradictory (Evans
et al., 2005).

There are three possible solutions to this situ-
ation: (a) The conjunctive pattern can be explained
within the conditional-probability framework;
(b) the conditional-probability pattern can be
explained within the mental-model framework;
or (¢) the two theories can be integrated after sub-
stantial modifications in at least one of them. Our
experiments tested several versions of (a). First,
Experiment 1 tested whether the conjunctive
pattern could arise from a subset of participants
who held that at least one p & q conjunction
must appear in the sample for the conditional to
be true. The effect of sample size, however, went
in the opposite direction from what is predicted
upon this assumption, so this idea can be ruled
out. Second, Experiment 2 tested whether the
conjunctive pattern arises from a subset of partici-
pants who replace the given conditional by its con-
verse, “If q then p”. This notion could be ruled out
too. Third, Experiment 3 tested whether the con-
junctive pattern arises from an incomplete Ramsey
Test, stopping after assessing the probability of the
TT case and ignoring the TF case. One reason
why people would use the TT case rather than
the TF case on which to base their judgement
after an incomplete Ramsey Test could be that,
with positively formulated conditionals, the TT
case benefited from a positivity bias. The results
provided some evidence for this hypothesis, but
the effect of positivity bias was not strong
enough by far to explain the conjunctive pattern.

We did not explicitly test option (b), extending
the mental-model explanation to the conditional-
probability pattern, because we see no coherent
way how such an explanation would work
without serious modifications of the theory.
Girotto and Johnson-Laird (2004) postulated
that the conditional-probability pattern arises
from participants who represent the TT case as
supporting the conditional and the TF case as vio-
lating it. The problem is that this explanation col-
lides with the principle of truth (Johnson-Laird,
Legrenzi, Girotto, & Legrenzi, 2000), according
to which possibilities not compatible with a state-
ment are, by default, not represented as models.
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This leaves no room to represent the TF case as a
case violating the conditional, and therefore there
is no basis on which people can judge the TF cases
as evidence against the conditional, but the FT and
FF cases as irrelevant.

Nonetheless, we evaluated the viability of a sol-
ution along the lines of (b) by testing one predic-
tion from the mental-model theory in the
version proposed by Barrouillet and Lecas
(1998). Conditionals using binary concepts, as
well as conditionals using negative antecedents
and consequents, should make it easier to con-
struct additional mental models beyond the
initial model of the TT case. This should reduce
the number of conjunctive patterns and possibly
lead to some response patterns based on a bicondi-
tional representation. There was no evidence
supporting this prediction. Another indirect
assessment of the mental-models account was
testing the prediction that the conjunctive
pattern in the probabilistic truth table evaluation
task should be associated with an inference
pattern expected from a single-model represen-
tation (i.e., accepting only MP and AC). This pre-
diction was not borne out (there is some evidence
for it, though, in Evans et al., 2006). These find-
ings, being null results, do not militate strongly
against the mental-model theory, but they cer-
tainly are not encouraging for an attempt to
explain the full pattern of results in the probabilis-
tic truth table task within the mental-model
framework in its current version.

In what follows we develop an account along
the lines of (c), starting from the probabilistic
approach and the Ramsey Test. We propose that
the conjunctive pattern can in fact be explained
as the result of an incomplete Ramsey Test, as
suggested by Evans et al. (2003). This account
requires an explanation of why the incomplete
Ramsey Test ends up with the probability of the
TT case as response, even when the conditional
has a negated consequent. To explain this, we
assume that the Ramsey Test is conducted on
the basis of mental models (this idea seems not
to be alien to Evans and his colleagues, sece
Evans & Over, 2004, p. 154). The mental-model

representation of a conditional consists of a

single mental model in which both antecedent
and consequent are true (i.c., the TT case). This
model, however, is not meant to represent what
is actually the case, but to represent what is the
case in a hypothetical situation in which p is
true—which may or may not be the actual situ-
ation. This assumption captures the notion that
conditionals express hypothetical thinking (Over
et al., 2005). With it we make explicit what has
implicitly been assumed in the mental-models fra-
mework all along: Mental models can be used in
different representational roles—they can rep-
resent, among other things, what a person believes
to be the case right now, what she believes to have
been the case in the past, a fictional scenario
described by a story, or a hypothetical situation.
To distinguish these possibilities, each mental
model must be combined with additional rep-
resentations that specify the relation between the
model and reality (Leslie, 1987; Perner, 1991).
This role is taken by a representation of the condi-
tional’s intension.

The mental model is not assumed to exhaus-
tively capture people’s understanding of if. The
semantics of a statement consists of its intension
and its extension (Goodwin & Johnson-Laird,
2005; Johnson-Laird & Byrne, 1991, chap. 9).
The intension is the meaning of a statement,
whereas the extension is the set of referents—
that is, the set of possible situations the statement
can be applied to. The intension of a statement
determines what belongs to its extension. In line
with the probabilistic view, we maintain that the
intension of a conditional “If p then q” is to
express a high conditional probability P(qlp).
The extension can be captured by a mental
model of the p & q conjunction. It is accompanied
by a representation of the intension that defines a
relevant set of possible situations for which the
model represents what is the case. The relevant
set is defined by the supposition that p holds; it
comprises all possible cases in which p is true.
The relevant set can be seen as a frame of
possible situations in which the mental model is
embedded (Figure 4A). The probability of the
conditional is evaluated as the probability that an
instance or event in the relevant set matches the
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Figure 4. Representations of the conditional according to the
revised mental-model account. A: The conditional “If p then q” is
represented by a single mental model of what is the case in
the relevant set in which the antecedent p is true, designated by
the frame. B: Extended representation including a more
comprehensive frame capturing all possible situations, thereby
defining the set of hypothetical situations in which p is false as the
contrast class to those where p is true. C: Extended representation
with biconditional interpretation.

model—that is, as the proportion of p cases that are
p & q cases, which equals P(q|p).4

We assume that people build a mental model of
what is the case, according to the conditional, in
hypothetical true-antecedent situations, but they
do not build a model of what is not the case.
Hence they do not construct a model of the TF
case. This assumption reflects the principle of
truth in the theory of Johnson-Laird and Byrne

TWO MEANINGS OF “IF”?

(2002). The Ramsey Test, therefore, cannot
consist in comparing the frequency of cases match-
ing the T'T model to the frequency of cases match-
ing a TF model. Rather, we assume that the
Ramsey Test consists in assessing the frequency
of TT cases and relating it to the frequency of
all true-antecedent cases (i.e., all cases in the
relevant set). An incomplete Ramsey Test assesses
the frequency of T'T cases but fails to assess the
frequency of all cases in the relevant set; rather,
it sets the T'T cases in relation to the set of all poss-
ible cases.

A representation consisting of a single mental
model embedded in a representation of the rel-
evant set suffices to evaluate the probability of a
conditional in the probabilistic truth table task.
In this task, people are free to focus only on
those truth table cases that they deem as relevant
for their judgement. They can therefore ignore
the false-antecedent cases, which have no place
in their representation of the conditional. In the
classical truth table task, however, they have to
explicitly evaluate the false-antecedent cases, too.
One way to do this is to assign them the response
“irrelevant”. When this is not an option, as in our
second pass through the classical truth table
task, people are pressed to integrate the false-
antecedent cases into their representation of the
conditional. The same pressure arises in the infer-
ence evaluation task when inferences involve a
minor premise with a negation. One way to
accommodate the false-antecedent cases is to
expand the set of relevant possible situations by
constructing a superordinate frame that covers
both p and —p situations. This creates a frame
for the hypothetical —p situations as the contrast
class of the p situations within the superordinate
frame (Figure 4B). Within the —p frame, people
are free to build models for the =p & q case and
the =p & —q case, because the intension of the
conditional does not imply any constraints for
the false-antecedent case. This leads to an exten-
sional representation that matches the truth

4 For the general case, including conditionals with negations, the frame represents the possible cases in which the antecedent is
true, and the mental model represents the conjunction of true antecedent and true consequent. We use the conditional without

negation in the discussion of our account for ease of exposition.
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conditions of the material conditional. It is
reflected in a TFTT pattern in the classical truth
table task and in an inference pattern where
people accept MP and MT only. An alternative
is to endorse the pragmatic implicature that “If p
then q” suggests the additional meaning “If not p
then not q” and therefore to build only the —p &
—q model in the false-antecedent frame. This leads
to a biconditional representation (Figure 4C). It is
reflected in the TFFT pattern in the classical truth
table task and in accepting all four inferences.
Finally, some people might fail to extend the
frame, sticking with the initial one-model rep-
resentation of the conditional, and therefore they
judge the false-antecedent cases as incompatible
with the conditional because they do not
match the representation of its extension. This
judgement would be reflected in a TFFF
pattern. The weak positive correlation between
the TFFF pattern and the frequency index
could arise because people with low cognitive
ability are likely to fail both with extending
their initial representation of the conditional and
with completing the Ramsey Test.

With this account we can explain why people’s
responses in the classical truth table evaluation
task and the inference task are only weakly pre-
dicted by their judgement patterns in the probabil-
istic truth table task: The conjunctive pattern in the
probabilistic truth table task arises from an incom-
plete Ramsey Test; in the classical truth table task
no Ramsey Test is conducted. In the probabilistic
task there is no need to think about the false-
antecedent cases; in the classical task, these cases
must be judged, and they motivate an extended
representation of the conditional, leading to a
biconditional or a material-conditional pattern,
the counterparts of which are hardly ever seen in
the probabilistic task. The extended representations
play a role also in evaluating the inferences with
negative minor premises, and this explains why
the responses in the classical truth table task
but not the probabilistic task predict the
acceptance rates for AC and DA: The difference
between biconditional and material representations
arises only when people extend their initial
representations.

For a similar reason, negativity and binarity had
so little effect on the response patterns in the prob-
abilistic truth table task: The Ramsey Test does
not require extending the representation beyond
the initial model of the T'T case, so factors affect-
ing the difficulty of constructing additional models
are irrelevant for its success. The only effects of
negation to be expected are (a) that a positive
antecedent should make it easier to construct the
frame for the relevant set, thereby making the
Ramsey Test easier, and (b) that a positive conse-
quent should lead to a bias for incomplete Ramsey
Tests resulting in a conjunctive pattern. These
were exactly the effects that we obtained.

This brief sketch of a theory of the meaning of
conditionals is certainly not sufficient to cover all
important aspects of the semantics of if. Our
purpose here is mainly to provide an explanation
for our findings and to point out a possible way
to integrate the two most successful approaches
to how people interpret and reason from con-
ditional statements: the mental-model theory
and the family of probabilistic theories. Our data
suggest that the views advanced by these theories
are not as contradictory as they seem—the empiri-
cal signatures of the conditional-probability
interpretation and of the material interpretation
of conditionals were positively correlated. It
seems that there are not two meanings of
conditionals in people’s minds, but one meaning
that is expressed in different ways depending
on the task used to probe it and on people’s
abilities to complete the processes required by
these tasks.
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