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Short article

People think about what is true for conditionals,
not what is false: Only true possibilities prime
the comprehension of “if”

Orlando Espino and Carlos Santamaria
University of La Laguna, Tenerife, Spain

Ruth M. J. Byrne
Trinity College Dublin, University of Dublin, Ireland

We report the results of two priming experiments that examine the comprehension of conditionals—
for example, “if there are apples then there are oranges’—and biconditionals—for example, “if and
only if there are apples then there are oranges”. The first experiment showed that participants read
a biconditional faster when it was primed by a true possibility, “there were apples and there were
oranges” than when it was primed by a false possibility, “there were no apples and there were
oranges”; a conditional was primed equally by both possibilities. The second experiment showed
that participants read the negated-antecedent conjunction faster when it was primed by a conditional
than when it was primed by a biconditional; the affirmative conjunction was primed equally by both
connectives. The experiments show that (a) when people understand “if A then B”, they access the true
possibilities, “A and B”, and “not-A and B”, and (b) when they understand “if and only if A then B”
they access “A and B”, but they do not access “not-A and B”. We discuss their implications for current
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theories of reasoning.
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A key question for understanding human cogni-
tion is whether people have a natural tendency to
think about what is true rather than what is
false. A tendency to think about what is true has
consequences for many aspects of how people
reason (Byrne, 2005; Johnson-Laird, 2006).
People may reason by thinking about possibilities,

and they may tend to envisage true possibilities
rather than false possibilities (Johnson-Laird &
Byrne, 2002). They understand a conditional—
for example, “if there are apples in the market
then there are oranges” (if A then B)—by envisa-
ging the true possibility that is consistent with the
conditional, “there are apples and there are
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oranges” (A and B; Johnson-Laird & Byrne,
2002). They can also think about other true possi-
bilities—for example, “there are no apples and
there are no oranges” (not-A and not-B) and
“there are no apples and there are oranges” (not-
A and B). However, they do not think about the
possibility that it rules out—“there are apples
and there are no oranges” (A and not-B). The pos-
sibilities that they think about may be mentally
represented in mental models (Johnson-Laird &
Byrne, 1991).

Different connectives are consistent with differ-
ent possibilities. The biconditional, “if and only if
there are apples in the market then there are
oranges” (if and only if A then B) is consistent
with just the first two true possibilities above.
People do not think about the two possibilities
ruled out by the biconditional—“there are no
apples and there are oranges” (not-A and B) and
“there are apples and there are no oranges” (A
and not-B). A strong prediction can be derived
from the model theory: People should have
greater access to the possibility “there are no
apples and there are oranges” (not-A and B)
when they understand a conditional than when
they understand a biconditional, as Table 1 illus-
trates. This possibility is consistent with the con-
ditional but not with the biconditional, and
people think about only the true possibilities.

An alternative view is that people understand a
conditional “if there are apples in the market then
there are oranges” (if A then B) by thinking about
the possibilities that include its antecedent (A)—

Table 1. The possibilities that people envisage for “if” and “if and

only if” according to two alternative theories

AE not-A& not-A& AL
B not-B B not-B
True possibilities
IfA,B + + + -
If and only if A, B + + — -
Antecedent possibilities
IfA,B + - - +
If and only if A, B + - + +

Note: Key: a “+” indicates that the theory proposes that this
Y ry prop
possibility is envisaged; a “~” indicates that it is not.
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that is, “there are apples and there are oranges”
and “there are apples and there are no oranges”
(Evans & Over, 2004; Evans, Over, & Handley,
2005). They do not think about the possibilities
that do not include the antecedent, “there are no
apples and there are oranges” and “there are
no apples and there are no oranges”, which are
considered irrelevant.

A further claim of this account is that a bicon-
ditional “if and only if there are apples in the
market then there are oranges” is understood in
the same way as the conditional above, but also
taken together with a second converse conditional
“if there are oranges then there are apples” (if B
then A; Evans et al., 2005). People think about
the same two possibilities for the biconditional as
for the conditional (A and B, and A and not-B),
and in addition they think about an extra possi-
bility that contains the antecedent of this second
conditional, “there are oranges and there are no
apples” (B and not-A). The prediction derived
from the suppositional theory is the opposite to
that derived from the model theory—that is,
people should have greater access to the possibility
“there are no apples and there are oranges” (not-A
and B) when they understand a biconditional than
when they understand a conditional, as Table 1
illustrates.

Do people keep in mind true possibilities or
possibilities that contain the antecedent of a con-
ditional? The aim of the two experiments reported
in this paper is to pit the predictions of the two
theories against each other. The two experiments
rely on a priming methodology: We measured
the length of time it took people to read a conjunc-
tion—for example, “there are no apples and there
are oranges —after they had first been primed by
a conditional “if there are apples then there are
oranges” compared with when they had been
primed by a biconditional “if and only if there
are apples then there are oranges” (Santamaria &
Espino, 2002; Santamaria, Espino, & Byrne,
2005). We also measured the length of time it
took them to read a conditional or biconditional
after they were first primed by the conjunction.
We focused on the key distinguishing possibility,
not-A and B.
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EXPERIMENT 1: CONJUNCTIONS
PRIME TRUE POSSIBILITIES FOR
CONDITIONALS AND
BICONDITIONALS

The aim of the first experiment was to examine
conjunctions—for example, “there are apples and
there are oranges” (A and B)—as primes for
understanding conditionals—for example, “if
there are apples then there are oranges”—and
biconditionals—for example, “if and only if there
are apples then there are oranges”. The logic of
this procedure is that when people have in mind a
possibility it will be easier to process an assertion
that corresponds to it. We compared affirmative
conjunctions and negated-antecedent conjunctions.

The model theory predicts that a conditional will
be primed equally by an affirmative conjunction and
a negated-antecedent conjunction: Both are true
possibilities, and so no differences in reading times
for the conditional should be observed when the
two primes are compared. It predicts that a bicondi-
tional will be primed by the affirmative conjunction
but not by the negated-antecedent conjunction:
Only the former is a true possibility for the bicondi-
tional. A difference in reading times for the
biconditional should be observed, in that it should
be read faster when it is primed by the affirmative
conjunction than when it is primed by the
negated-antecedent conjunction. We derive the
opposite prediction from the suppositional theory.
It predicts no difference in reading times for the
biconditional, whether it is primed by an affirmative
conjunction or the negated-antecedent conjunction,
and a difference in reading times for the conditional,
in that it should be read faster when it is primed by
the affirmative conjunction than when it is primed
by the negated-antecedent conjunction.

Method

Design and materials

We constructed scenarios that contained seven
sentences (or sentence fragments) presented one by
one: two scene-setting sentences—for example,
“Carmen went shopping to the market. When
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Carmen looked at the shelves she saw that™—
followed by the key conjunction—for example,
“there were apples and there were oranges”.
Another scene-setting sentence, “When she looked
at the poster she saw written there”, was followed
by the conditional—for example, “if there are
apples then there are oranges”™—and a final scene-
setting sentence “Carmen checked her list of pur-
chases”. The scenarios were followed by a simple
comprehension question, such as “Did Carmen go
shopping to the market?” The participants were
not required to make propositional inferences, and
the simple questions were designed to ensure that
they read the stories for comprehension. Half of
the questions required an affirmative response, and
the other half required a negative response, and
they targeted information presented at the start,
middle, and end of the stories to ensure that partici-
pants read each story. The stories were presented to
the participants in their native Spanish.

The first independent variable was the type of
conjunction: affirmative conjunctions—for example
“there were apples and there were oranges”™—and
negated-antecedent conjunctions—for example,
“there were no apples and there were oranges”.
The second independent variable was the type of
connective: Half of the scenarios were based on con-
ditionals—for example, “if there are apples then
there are oranges’—and the other half were based
on biconditionals—for example, “if and only if
there are apples then there are oranges”. The target
measures were the reading times for the conditional
or biconditional. The design was fully within
participants, and participants received 12 instances
of the four experimental conditions (2 conditionals
by 2 conjunctions), making a total of 48 trials.
Each individual participant was given the 48 trials
with a different content assigned at random—that
is, 48 distinct contents. There were also 32 filler
paragraphs in which no propositional connectives
appeared (using 32 different contents). We
gave each participant the 80 trials in a different
random order.

Participants and procedure
The participants were 32 students at the
University of La Laguna, who received course
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credit for their participation. They were tested
individually in a quiet room, and the experiment
was controlled online by an IBM-compatible com-
puter, running APT PC software (Poltrock &
Foltz, 1988). They were encouraged to read the
scenarios carefully at their own pace and to
answer the questions as quickly and accurately as
possible. The seven sentences in a scenario for
each trial were presented one sentence at a time.
After reading each sentence, the participants had
to press the space bar to erase the screen and
display the next sentence. After reading the ques-
tion, the participants responded “yes” by pressing
the right-hand key or “no” by pressing the left-
hand key. The computer recorded participants’
reading times for the conjunctions and the condi-
tionals. Participants were given six practice scen-
arios presented before the experimental set to
familiarize them with the procedure. Four of the
scenarios matched the structure of the experimen-
tal trials, and two were similar to the fillers. The
instructions given to the participants were as
follows:

“The purpose of the experiment that you will
be doing is to study what psychological pro-
cesses are implicated in text comprehension.
Your task will consist of reading stories
quickly and accurately. When you finish
reading a sentence and are ready to read
the next sentence, please press the space
bar. After reading each story, you must
answer a question concerning a different

part of the story.”

Results and discussion

Table 2 shows the reading time for the two con-
nectives (conditional and biconditional) after
reading the conjunctions (A and B, and not-A
and B). Before any data analysis, we identified out-
liers as any latency that was less than the mean
latency divided by two or greater than the mean
latency plus 2.5 standard deviations. These outliers
were replaced by the mean latency divided by two,
or the mean latency plus 2.5 standard deviations,
respectively. Total outliers replaced comprised
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Table 2. The reading times for the two connectives after participants
read the two sorts of conjunctions in Experiment 1

Target connective Conditional ~ Biconditional

Affirmative conjunction prime 1,594 (267) 2,211 (482)

Negated-antecedent 1,608 (302) 2,371 (556)
conjunction prime

Difference -14 -160

Note: Reading times in ms. Standard deviations in parentheses.

3% of the data set. Only participants who had
more than 85% correct responses to the simple
questions were included in the analysis, and only
the reading times corresponding to their correct
responses were analysed.

We carried out a 2 (conditional vs. bicondi-
tional) by 2 (affirmative conjunction vs. negated-
antecedent conjunction) analysis of variance
(ANOVA) with repeated measures on both
factors. It showed a main effect of connective,
reflecting that participants took 690 ms longer to
read a biconditional than a conditional after the
conjunctions, F(1, 31) = 175.29, MSE = 86,835,
# <.0001. It also showed a main effect of conjunc-
tion, reflecting that participants took 174 ms
longer to read a connective after reading a
negated-antecedent conjunction than an affirmative
conjunction, F(1, 31) =721, MSE = 33,479,
p<.02. The interaction was reliable, F(1,
31) =549, MSE=30,996, p< .03, showing
that the participants took 160 ms longer to read
a biconditional after they had read a negated-
antecedent conjunction than an affirmative
conjunction, F(1, 31) =7.68, MSE = 53,139,
p < .01. There was no reliable difference in the
length of time it took to read a conditional after
participants had read a negated-antecedent con-
junction or an affirmative conjunction (14 ms;
F<1).

The experiment shows that people read a
biconditional “if and only if A then B” more
quickly when they have first read an affirmative
conjunction than when they have first read a
negated-antecedent conjunction. It also shows
that people read a conditional “if A then B”
equally quickly whether they have first read an
affirmative conjunction or a negated-antecedent
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one. The results corroborate the predictions of the
model theory (Johnson-Laird & Byrne, 2002).
They support the idea that people keep in mind
true possibilities. The results go against the predic-
tions of the suppositional theory that people think
about possibilities that contain the antecedents of
assertions. In our next experiment we test
whether the conditional and biconditional prime
the true possibilities but not the false possibilities.
Once again we pit the predictions of the two the-
ories against one another.

EXPERIMENT 2: CONDITIONALS
AND BICONDITIONALS PRIME
TRUE POSSIBILITIES

The aim of the second experiment was to examine
biconditionals and conditionals as primes for
understanding conjunctions.

The predictions derived from the model theory
are that people will read an affirmative conjunc-
tion—for example, “there were apples and there
were oranges —equally quickly whether they are
primed by a biconditional or a conditional: The
conjunction is a true possibility for both connec-
tives. They will read a negated-antecedent
conjunction—for example, “there were no apples
and there were oranges”—more quickly when
they are primed by a conditional than when they
are primed by a biconditional: The conjunction is
a true possibility for a conditional but not for a
biconditional. Once again, the predictions
derived from the suppositional theory are the
opposite: People will read the negated-antecedent
conjunction (not-A and B) more quickly when
they are primed by a biconditional than when
they are primed by a conditional: The conjunction
contains an antecedent possibility for a bicondi-
tional (on its “if A then B and if B then A”

interpretation) but not for a conditional.

Method

Design, materials, and procedure
The materials were the same as those used in
Experiment 1 except that the conditional or
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biconditional premise was presented before the
conjunctions. The design and procedure were
identical to those in Experiment 1.

Participants

The participants were a new set of 32 students
from the University of La Laguna, who received
course credit for their participation.

Results and discussion

Table 3 shows the reading time for the two con-
junctions (A and B, and not-A and B) after
reading the connectives (conditional and bicondi-
tional). We treated outliers in the same way as in
the previous experiment, and the total outliers
replaced was 3%. We carried out a 2 (conditional
vs. biconditional) by 2 (affirmative vs. negated-
antecedent conjunction) ANOVA with repeated
measures on both factors. The ANOVA showed
a main effect of conditional, reflecting that partici-
pants took 149 ms longer to read a conjunction
after they had first read a biconditional than after
they had first read a conditional, (1, 31) = 9.17,
MSE = 77,791, p < .005. It also showed a main
effect of conjunction, reflecting that the partici-
pants took 557 ms longer to read the negated-
antecedent conjunctions than the affirmative
conjunctions, F(1, 31) = 90.48, MSE = 109,421,
p<.0001. The interaction was reliable, F(1,
31) =5.62, MSE = 72,735, p<.025, showing
that the participants took 262 ms longer to read
a negated-antecedent conjunction after they
had first read a biconditional than after they had
first read a conditional, F(1, 31)=8.54,
MSE = 128,912, p < .006. There were no reliable

Table 3. The reading times for the two conjunctions afler participants
read the conditional and the biconditional in Experiment 2

Target conjunction Affirmative Negated antecedent
Conditional prime 1,451 (282) 1,894 (382)
Biconditional prime 1,487 (275) 2,157 (701)
Difference -36 -263

Note: Reading times in ms. Standard deviations in parentheses.
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differences for affirmative conjunctions (36 ms;
F<1).

The experiment shows that a conditional “if A
then B” primes reading “A and B” and “not-A
and B”. A biconditional “if and only if A then
B” primes reading the affirmative conjunction
but not the negated-antecedent one. The results
corroborate the predictions of the model theory:
The conditional primes both its true possibilities;
the biconditional primes its true possibility and
not its false possibility. Once again the results
go against the predictions of the suppositional
theory.

GENERAL DISCUSSION

An affirmative conjunction primes reading a con-
ditional and a biconditional; a negated-antecedent
conjunction primes reading a conditional but not a
biconditional, as the first experiment shows. A
conditional primes reading an affirmative and a
negated-antecedent conjunction; a biconditional
primes reading an affirmative but not a negated-
antecedent conjunction, as the second experiment
shows. The results show that (a) people think
about the true possibilities, “A and B”, and “not-
A and B”, when they understand a conditional
“if A then B”; (b) they think about the true possi-
bility “A and B”, and they do not think about the
false possibility “not-A and B”, when they under-
stand a biconditional “if and only if A then B”.
Both experiments corroborate the predictions of
the model theory: People think about true possibi-
lities, they do not envisage false possibilities
(Johnson-Laird & Byrne, 2002).

The results go against the predictions that we
derived from the suppositional theory, which pro-
poses that people think about possibilities that
contain the antecedent of the assertion (Evans
et al, 2005). They may also be difficult to
explain for theories of formal rules of inference
(Braine & O’Brien, 1998; Rips, 1994) and theories
based on domain-specific rules of inference
(Fiddick, Cosmides, & Tooby, 2000; Gigerenzer
& Hug, 1992; Holyoak & Cheng, 1995). These
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theories do not provide the means by which pre-
dictions can be derived about whether certain con-
junctions should be primed by conditionals, and
other conjunctions should not. The results
support the idea that people think about what is
true, not what is false. This idea has widespread
consequences for how people think and reason in
many domains.

Original manuscript received 14 January 2008
Accepted revision received 17 October 2008
First published online 20 January 2009

REFERENCES

Braine, M. D. S., & O’Brien, D. P. (1998). Mental logic.
Mahwah, NJ: Lawrence Erlbaum Associates, Inc.
Byrne, R. M. J. (2005). The rational imagination: How
people create alternatives to reality. Cambridge, MA:

MIT Press.

Evans, J. St. B. T., & Over, D. E. (2004). If. New York:
Oxford University Press.

Evans, J. St. B. T., Over, D. E, & Handley, S. J. (2005).
Suppositional, extensionality and conditionals: A cri-
tique of the mental model theory of Johnson-Laird
and Byrne (2002). Psychological Review, 112,
1040-1052.

Fiddick, L., Cosmides, L., & Tooby, J. (2000). No
interpretation without representation: The role of
domain-specific representations and inferences in
the Wason selection task. Cognition, 75, 1-79.

Gigerenzer, G., & Hug, K. (1992). Domain specific
reasoning: Social contracts, cheating, and perspective
change. Cognition, 42, 127-171.

Holyoak, K. J., & Cheng, P. (1995). Pragmatic reason-
ing with a point of view: A response. Thinking and
Reasoning, 1, 289—-313.

Johnson-Laird, P. N. (2006). How we reason. Oxford,
UK: Oxford University Press.

Johnson-Laird, P. N., & Byrne, R. M. J. (1991).
Deduction. Hove, UK: Lawrence Erlbaum
Associates Ltd.

Johnson-Laird, P. N., & Byrne, R. M. J. (2002).
Conditionals: A theory of meaning, pragmatics and
inference. Psychological Review, 19, 646—678.

Poltrock, S. E., & Foltz, G. S. (1988). APT PC and
APT 1II: Experimental development systems for the

1077



ESPINO, SANTAMARIA, BYRNE

IBM PC and Apple II. Behavior Research Methods, Quarterly Journal of Experimental Psychology, 554,
Instruments, & Computers, 20, 201-205. 51-57.

Rips, L. J. (1994). The psychology of proof: Deductive Santamaria, C., Espino, O., & Byrne, R. (2005).
reasoning in human thinking. Cambridge, MA: Counterfactual and semifactual conditionals prime
MIT Press, Bradford Books. alternative possibilities. Journal of Experimental

Santamaria, C., & Espino, O. (2002). Conditionals and Psychology: Learning, Memory, and Cognition, 31,
directionality: On the meaning of If vs Only if. 1149-1154.

1078 THE QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY, 2009, 62 (6)



Copyright of Quarterly Journal of Experimental Psychology is the property of Psychology Press
(UK) and its content may not be copied or emailed to multiple sites or posted to a listserv without
the copyright holder's express written permission. However, users may print, download, or email
articles for individual use.



