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Deductive reasoning is at the core of the human mind, 
without it many intellectual disciplines, such as maths, 
law, physics or logic, to name but a few could not be 
possible. Also, much of our diary inferences are based 
on deductive arguments, such as “if you study hard 
you can get the grant and it is the case that you are 
studying hard”; in this instance, people do not find it 
difficult to infer that “you can get the grant” is a valid 
conclusion. However, the content and logical structure 
of arguments could affect our deductive inferences. 
Many studies have showed that the content of problems 
(or their semantics) affects the inferences that people 
build or evaluate on conditionals problems (Evans, 
Newstead, & Byrne, 1993). Another factor that affects 
the inferences that people make is the logical structure 
of the problem, which could generate a directional 
effect in problems with one or multiple premises. The 
logical structure is related to the order of the terms in 
the premise while directional effect involves the fact 
that people find it easier to make or to process infer-
ences in one direction rather than in the other. For 
instance, it has been shown that in the conditional rule 
if A, then B, participants make more forward inferences 
(from A to B) than backward inferences (from B to A), 

whereas for the conditional form A only if B, partici-
pants make more backward inferences than forward 
inferences (Evans, 1977, 1993; Evans & Beck, 1981). 
Other studies have shown that the amount of time that 
reasoners take to endorse backward or forward infer-
ences varies according to different conditional forms 
(Grosset & Barrouillet, 2003; Santamaría & Espino, 
2002). The logical structure in problems with two pre-
mises depends on the figure of the problem. As in the 
case of syllogisms, four different types of figures can be 
distinguished in double conditionals:

In each figure, there are three different terms (A, B, C). 
The term that is repeated in both premises (B) is called 
the middle-term and the other two terms (A, C) are 
called the end-terms. As well as in one-premise prob-
lems, directional effect has been found in conditionals 
with two premises (e.g., Espino & Hernández, 2009; 
Oberauer, Hörnig, Weidenfeld, & Wilhelm, 2005). For 
instance, Oberauer et al. (2005) have found that when 
the conditional took the shape of figure 4, participants 
took less time to process forward inferences (from A to C) 
than backward inferences (from C to A); but when the 
conditional corresponded to figure 1, it took them less 
time to process backward inferences. Directional effect 
in conditionals is a very controversial topic. Different 
hypotheses have been offered to explain the direc-
tionality effect in simple and double premises: one 
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hypothesis claims that the directional effect is due to 
the order of the terms in the working memory (FIFO 
hypothesis) during the integration of the premises. 
Another hypothesis claims that the directional effect 
stems from the fact that people prefer to make inferences 
from the term that plays the role of relatum to the term 
that plays the role of object (semantic hypothesis).

The FIFO hypothesis (Johnson-Laird, 1984) provides 
an explanation of the directional effects based on two 
assumptions. First, the account claims that in order to 
construct an integrated model of the two premises, 
people attempt to bring middle terms together. Second, 
it suggests that the way to state a conclusion is based 
on the “first in, first out” principle (FIFO; Broadbent, 
1958): the first piece of information entering the inte-
grated model of the premises will be the first element 
in the conclusion. On simple conditionals, such as  
“If A then B”, only the second assumption is considered. 
In this case, a forward directional effect (from A to B) is 
predicted for any conditional and bi-conditional due to 
the fact that the first information entering the working 
memory is the first term (A). For double conditionals, 
such as “If A then B and if B then C”, the FIFO hypo-
thesis predicts different directional effects depending 
on the figure. When the two middle terms (B) of the 
premises occur in sequence (for example, if A then B 
and If B then C), the FIFO hypothesis claims that the 
two premises can be easily combined to form an inte-
grated model. In this case (figure 4: A-B/B-C), the first 
term in the integrated model is “A” and consequently, 
by the FIFO principle, the most frequent conclusion 
will be in the forward direction (from A to C). However, 
when the middle terms are not in sequence, additional 
operations will be necessary in order to bring them 
together. According to Johnson-Laird (1984), when the 
middle terms are not in sequence (such as in figure 1: 
B-A/C-B), people could use two different procedures 
to build the integrated mental model of the premises. 
First, the order of the terms within the first premise 
(B-A) and the second premise (C-B) could be switched 
round (A-B / B-C). The second strategy to build the 
integrated model consists in reversing (renewing) the 
order of the two models of the two premises. The way 
to proceed is to construct a model of the second pre-
mise and then to add the information from the first 
premise (C-B-A). Once the terms of the premises are in 
sequence, reasoners will select the conclusion, and the 
FIFO principle will determine the direction. However, 
“it is not clear what mechanism might lead reasoners 
to choose one or the other strategy. However, this se-
lection may well be influenced by superficial factors” 
(Espino & Santamaría, 2013, p. 318).

In figure 2 (A-B/ C-B) and figure 3 (B-A / B-C), there 
are two ways to obtain the integrated model; in the 
first case, the integrated model can be “A-B-C” and, in 

the second case, it can be “C-B-A”. For example, in 
figure 2, one procedure starts with the second strategy 
(C-B), after which the first strategy needs to be applied 
(B-A) to obtain the integrated model (C-B-A). In that 
case, according to the FIFO hypothesis, people should 
make more C-A than A-C conclusions. However, the 
second way to obtain the integrated model is by using 
only the first strategy in the second premise (B-C). In 
this case, according to the FIFO principle, participants 
should make more A-C than C-A conclusions. Given 
that either procedure could be used to obtain the inte-
grated model in figure 2 and 3, the FIFO hypothesis 
does not predict any differences as far as the direction 
of the inferences (A-C versus C-A) is concerned. In 
brief, the main claim of the FIFO hypothesis is that the 
directional effect depends on the figure: there should 
be a directional effect in figures 1 and 4, but not in 
figures 2 and 3. Contrary to this claim, we will show 
that the directional effect does not necessarily depend 
on the figure, but on the semantic role of the end term, 
as the semantic hypothesis has suggested.

Our main goal in this paper is to explain the ways in 
which the directional effect works in double conditionals 
with different directionality according to the semantic 
hypothesis (Oberauer & Wilhelm, 2000; Oberauer et al., 
2005). This hypothesis introduced different factors to 
explain how the figure of problems affects premise 
integration and interferes during the inference stage. 
As far as premise integration is concerned, three fac-
tors were suggested in order to explain the directional 
effect: the inherent directionality, the “relatum = given” 
and the “given-new” principles. The first factor claims 
most connectives used in a deductive reasoning task 
have an inherent directionality. Based on the works of 
Logan (1995) and Gernsbacher (1991), the authors claim 
that the meaning of a statement “is in part represented 
as a set of cognitive procedures for building a repre-
sentation of the situation described by a statement. 
These procedures start with establishing the referent of 
one term as a reference object that serves as the foun-
dation of a new structure, and then proceed to add a 
representation of the other term as a target object in the 
required relation to the reference object” (Oberauer & 
Wilhelm, 2000, p. 1703). These authors claimed that 
this procedure establishes an inherent directionality 
in the resulting representation, “such that reasoning 
processes tend to start with the reference object and 
proceed to the target object, rather than the reverse” 
(Oberauer & Wilhelm, 2000, p. 1703). Also, they claim 
that some conditionals have an inherent directionality 
while in other conditionals and biconditionals the 
directionality is indeterminate. In the conditional “if A, 
then B”, the term “A” is the reference object or relatum, 
while the term “B” is the target object, and consequently 
this conditional has a directionality from A to the term 
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B (A → B). On the reverse conditional “A, if B”, the 
term “B” is the reference object or relatum, while the 
term “A” is the target object, consequently this condi-
tional has a directionality from B to the term A (A ← B). 
However, the conditional “A only if B” and the bicon-
ditional “if and only if A, B” have an indeterminate 
inherent directionality. Oberauer and Wilhelm (2000) 
claim that the “process of interpreting “p only if q” 
starts with a direction from p to q (the first step), but in 
many cases it ends with the opposite direction (second 
step). This can lead to different predictions for direc-
tionality effects, depending on the task context” (p. 1706). 
For instance, for the conditional “A only if B”, while 
Oberauer & Wilhelm (2000, experiment 3) found a 
forward directional effect in a verification task, Evans 
(1993) found a backward directional effect in an infer-
ence task. These authors have tried to explain these 
diverging results as a consequence of using different 
tasks. The verification task prompts participants to 
engage in the first step while the inference task plus 
the negative minor premise “not-B” prompt people 
to engage in the second step. Oberauer and Wilhelm 
(2000) suggest that the preferences for backward infer-
ences from “only if” premises noted by Evans (1993) 
result from the direction of the second step of the pro-
cedure. They claim that “once a premise like “p only if q” 
is given together with the minor premise “not-q”, 
the standard two-step procedure of interpreting the 
conditional statements leads directly to the MT conclu-
sion that p must be false” (Oberauer & Wilhelm, 2000, 
p. 1009). However, the authors were right when they 
concluded that their explanation “must remain specula-
tive until more direct evidence is available” (Oberauer & 
Wilhelm, 2000, p. 1712). As far as the biconditional is 
concerned, these authors claimed that sentences of the 
form “if and only if p, then q” are decomposed into 
two standard conditionals. “The first variant can be 
phrased as “if p then q”, and “if not-p then not-q”. This 
results in strong directionality from p to the q term. 
The second variant is “if p then q, and if q then p”, if 
interpreted in this way, the directionality cancel each 
other” (Oberauer & Wilhelm, 2000, p. 1706). The inde-
terminate inherent directionality of conditionals and 
biconditional makes it very difficult to predict a direc-
tional effect in simple and double conditionals when 
“A only if B”, “if and only if A, B and “only if A, B” 
(with no inherent directionality predicted by the 
semantic hypothesis) are used. Contrary to Oberauer 
and Wilhelm (2000), we suggest that people usually 
take the term that follows “if” as relatum, then in the 
premises “B only if A” or “B if and only if A”, people 
usually takes “A” as relatum.

The “relatum = given” and the “given-new” principles 
allow us to understand how people integrate one pre-
mise into the other. The “relatum = given” principle 

claims that “the second premise is integrated more 
easily with the first premise if the relatum of the sec-
ond premise has already been given by the first pre-
mise” (Oberauer et al., 2005, p. 1226). In the problem 
“if A then B / if B then C” (also the problem “if B then 
A / if B then C”), the second premise is easier to inte-
grate into the first premise because the relatum (B) in 
the second premise has been given in the first premise. 
However, in the following problems “if B then A /if C, 
then B” (and also in “if A then B / If C then B”) the 
second premise is more difficult to integrate into the 
first premise, because the relatum of the second pre-
mise (C) has not been given in the first premise. The 
“given-new” principle claims that “premise integration 
is easier when the term already given in the first pre-
mise (i.e., the middle term occurring in both premises) 
is mentioned first in the second premise” (Oberauer 
et al., 2005, p. 1228). For example, in the problem “if 
B then A / if B then C” (and also in “if A then B / if 
B then C”), the second premise is easier to integrate 
into the first premise because the former starts with the 
middle term (B). However, in the problem “if A then 
B / if C then B” (and also in “if B then A/ if C then B”), 
it is harder to integrate the second premise into the first 
because the former does not start with the middle 
term. Then the integration processes will be easier in 
the problems “if A then B/ if B then C” and “if B then 
A / if B then C” than in the problems “if A then B / if C 
then B” and “if B then A/ if C then B”, since in the first 
two problems the relatum = given and given-new 
principles are satisfied, while in the last two neither 
principle is satisfied. Oberauer et al. (2005) also claimed 
that the difficulty of integrating different figures depends 
on the inherent directionality of the premises involved. 
With forward directionality, figure 4 (A-B / B-C) and 
figure 3 (B-A / B-C) will be more easily integrated than 
figure 2 (A-B / C-B) and figure 1 (B-A / C-B). However, 
with backward directionality, figures 1 and 2 will be 
more easily integrated than figures 4 and 3.

In order to explain the directional effect in double 
conditionals, Oberauer and Wilhelm (2000) and Oberauer 
et al. (2005) have also provided two other factors. The 
first factor is the inherent directionality of the relation 
between the target object and the relatum, “which is 
preserved in the integrated mental model if and only 
if it is needed to preserve a semantic asymmetry” 
(Oberauer et al., 2005, p. 1244). The second factor  
is the recency effect of working memory (Espino, 
Santamaría, & García-Madruga, 2000) that generates 
an advantage for the C-A directionality regardless of 
the relation. The semantic view predicts a forward 
directional effect for the problem “if A then B /if B 
then C”, due to the fact that the directionality of the 
resulting integrated model of both premises (A → B → C) 
goes from A (the relatum) to C (target object). On the 
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other hand, the semantic view predicts a backward 
directional effect in the problem “A if B / B if C” due to 
the fact that the directionality of the integrated mental 
model of the premises (A ← B ← C) goes from C (relatum) 
to A (target object). The actual version of the semantic 
hypothesis cannot explain the directional effect on con-
ditionals with different directionality, such as “B only 
if A, and only if B, C”. In this paper we present a new 
extension of the semantic hypothesis that could explain 
directional effect during the integration step of the 
premises.

Our main assumption is that people start to build 
the integrated model from the premise in which the 
end-term plays the role of relatum (the end-term in the 
if-clause). Then, they add the middle-term that is in 
the then-clause. Second, they add the other premise in 
which the middle-term is in the if-clause (the middle-
term plays the role of relatum). Then, they add the 
end-term that is in the then-clause. This assumption is 
based on the idea that the easiest way to integrate one 
premise into the other premises successfully happens 
to be when only one end-term plays the role of rela-
tum, because this end-term will be the hypothetical 
background space for the rest of terms (middle-terms 
and end-term). For example, in the problem “If A, then 
B / if B then C”, the end-term “A” in the if-clause is the 
hypothetical background space for the middle-term 
“B” in the then-clause (first premise), the middle-term 
“B” in the if-clause is the hypothetical background 
space for the end-term “C” in the then-clause (second 
premise) and by the transitivity rule (if A bears some 
relation to B and B bear the same relation to C, then 
A bears it to C), the end-term “A” should be the hypo-
thetical background space for the end-term “C”.

Let us consider the following example “A, if B / if C 
then B”; people should start to build the integrated 
model from the end-term that plays the role of relatum, 
which is in the second premise (“C”); then, the middle-
term (“B”) is added. Next, they search for the other 
middle-term that plays the role of relatum, which is in 
the first premise (“B”) and it is added to the represen-
tation; then, they add the other end-term (“A”). Finally, 
they can apply the transitivity rule to find the relation 
between C and A. We claim that during the inference 
stage, people prefer to build (or to accept) a conclusion 
from the end-term that has played the role of relatum in 
the premises, rather than from the other end-term. Then, 
we predict that people should accept or build more fre-
quently backward than forward inferences in the above-
mentioned problem, because the end-term “C” that has 
played the role of relatum is in the second premise.

We suggest that when both end-terms (“A” and “C”) 
play the role of relatum (“if A then B / only if C, B”) or 
when neither of them does (A, if B / only if B, C), 
participants should find it much more difficult to 

integrate the models of the two premises, and this 
could lead to a suppression of the directional effect. 
The suppression effect could be due to the fact that par-
ticipants could build an integrated model either from 
the end-term in the first premise or from the end-term 
in the second premise. The first option leads to an 
integrated model with forward directionality, while 
the second option leads to an integrated model with 
backward directionality; then, one directionality cancel 
the other. In brief, we make the following two sets of 
predictions in relation to the inference stage:
 
	a)	�If only one end-term plays the role of relatum, then 

there will be a directional effect. If the end-term 
playing the role of relatum is in the first premise, the 
directional effect will be forward. If the end-term 
that plays the role of relatum is in second premise, 
the directional effect will be backward.

	b)	�If both end-terms or neither of them play the role 
of relatum, a suppression effect for directionality is 
predicted.

 
On the other hand, if we want to check our hypo-

thesis we need not only forward and backward condi-
tionals but different types of forward (for example “if 
A then B”, “only if A, B”) and backward conditionals 
(for example, “A if B”, “A only if B”). For example, if 
we want to check that there will be a forward direc-
tional effect in figure 4 problem, when only the first 
term of the premise plays the role of relatum, we could 
use the following problem “if A then B / if B then C”; 
but if we want to check that there will not be any direc-
tional effect in figure 4 when both end-terms play the 
role of relatum, we need to introduce a backward con-
ditional “if A then B / B only if C”.

The task of making inferences from connectives in 
which the end-terms play different roles poses a chal-
lenge to current theories of directional effect, such as 
the FIFO hypothesis (Johnson-Laird, 1984).

EXPERIMENT 1: DIRECTIONAL EFFECT IN 
DOUBLE CONDITIONALS

The aim of this experiment was to test two novel 
predictions:
 
	a)	�Participants should make more forward than back-

ward inferences when the end-term that plays the 
role of relatum is in the first premise.

	b)	�Participants should make more backward than 
forward inferences when the end-term that plays 
the role of relatum is in the second premise.

 
Then, we predict an interaction between the locus of 

the end-term that plays the role of relatum and the 
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directionality of the inference. In order to check our 
hypothesis, we have chosen conditional problems with 
figures 2 (A-B / C-B) and 3 (B-A / B-C). Our objective 
was to check whether directional effect depends on the 
role of the end-term in the premise or it depends on the 
figure of the problem. The problems used in this and 
the following experiments yield valid conclusions.

Method

Design

A 2x2x2x2 within-participant design was used. The first 
variable was the type of figure (figure 2 vs. figure 3); 
the second variable was the locus of the end-term that 
plays the role of relatum in the premises (first premise 
vs. second premise). The end-term that follows if is the 
end-term that plays the role of relatum. Third variable 
was the direction of the categorical premise (forward 
vs. backward): the forward categorical premises were 
MP and DA and the backward categorical premises 
were AC and MT. The fourth variable was the polarity 
of the categorical premise (affirmative vs. negative): the 
affirmative categorical premises were MP and AC and 
the negative categorical premises were DA and MT. 
The dependent variable was the percentage of forward 
(from A to C) and backward (from C to A) responses.

Participants

The 46 participants who took part in the experiment 
were undergraduate students at the Universidad of 
La Laguna, Tenerife, Spain. None of them had formal 
training in logic.

Materials and Procedure

Participants were tested in groups of 15 subjects. Each 
of them received a booklet containing the task instruc-
tions and the complete set of conditional premises. 
During the initial instruction phase, the task was 
explained to them by an experimenter. Then they were 
allowed as much time as they required to complete the 
booklet. In this experiment, participants were asked to 
draw conclusions from sets of three premises. The first 
two premises were conditional statements, whereas the 
third premise was the categorical premise that affirmed 
or negated one of the two end-terms. Participants were 
then asked to select one conclusion from the three 
offered. They had to make four inferences (MP, AC, 
DA, MT), depending on the nature of the connective 
used. Below we show an example of a problem of the 
MP inference that was used in the experiment:

On the table there is a star if there is a triangle
On the table if there is a star, then there is a circle
There is a triangle

And participants had to choose one of three options:

There is a circle
There is not a circle
Maybe there is a circle or maybe there is no circle

They received problems in which only one end-term 
played the role of relatum. Sixteen problems were 
given, each with one of the following formats:

They received eight problems in which the end-term 
played the role of relatum (A) in the first premise 
(problems 1 and 4) and eight problems in which the 
end-term played the role of relatum (C) in the second 
premise (problems 2 and 3).

Results and discussion

Table 1 shows the percentages of endorsement of the 
inferences as a function of the figure type, the locus of 
the end-term that is the relatum, the directionality and 
the polarity of the inference. We performed a 2 (figure 
type: figure 2 vs. figure 3), x 2 (locus: the end-term that 
is the relatum was in the first premise or in the second 
premise) x 2 (directionality of the categorical premise: 
forward or backward) x 2 (polarity of the categorical 
premise: affirmative or negative) analysis of variance 
with repeated measures. In this and the next analysis, 
the Greenhouse–Geisser correction against the viola-
tion of sphericity assumption was used. This analysis 
revealed a double interaction between locus and direc-
tionality, F(1, 45) = 9.47, Mse = .28, p < .005, ηp2 = .17, in 
the sense that participants made more forward than 
backward inferences in those problems in which the 
end-term that played the role of relatum was in the 
first premise (91% vs. 81%; t (45) = 2.73 p < .01) while 
they made more backward than forward inferences in 
those problems in which the end-term that played the 
role of relatum was in the second premise (92% vs. 79% 
t (45) = 2.84 p < .01). Main effect for polarity was reli-
able, F(1, 45) = 8.77, Mse = .18, p < .005, ηp2 = .16, in the 
sense that participants made more affirmative than 
negative inferences (91% vs. 81%). Main effect for other 
variables, double interactions, triple interactions and 
quadruple interaction was not found (in any case  
p > .05).

These results confirmed our predictions. As antici-
pated, there was an interaction between the locus of 
the end term that played the role of relatum and the 
directionality of the inference: when the end-term 
that played the role of relatum was in the first pre-
mise, there was a forward directional effect; but when 

Problem 1 Problem 2 Problem 3 Problem 4
B if A A if B if B, A if A, B
if B, C if C, B B if C C if B
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the end-term that played the role of relatum was in 
the second premise, there was a backward direc-
tional effect.

EXPERIMENT 2: DIRECTIONAL EFFECT ON 
CONDITIONAL AND BICONDITIONAL 
PROBLEMS

The aim of this experiment was to test, again, the two 
novel predictions in Experiment 1 by using conditional 
and biconditional problems:
 
	a)	�Participants should make more forward than back-

ward inferences when the end-term that plays the 
role of the relatum is in the first premise.

	b)	�Participants should make more backward than 
forward inferences when the end-term that plays the 
role of the relatum value is in the second premise.

Method

Participants, design, procedure, and materials

The participants were a new set of 38 undergraduates 
at the Universidad de La Laguna. The design and pro-
cedure were the same as in the previous experiment. 
However the conditional (“if, then”) was replaced 
by the biconditional (“if and only if”). Participants 
received problems in which only one end-term played 
the role of relatum. Sixteen problems were given, each 
with one of the following formats:

They received eight problems in which the end-term 
played the role of relatum (A) in the first premise 

(problems 2 and 4) and eight problems in which the 
end-term played the role of relatum (C) in the second 
premise (problems 1 and 3).

Results and discussion

Table 2 shows the percentages of endorsement of the 
inferences as a function of the figure type, the locus of 
the end-term that is the relatum, the directionality and 
the polarity of the inference. We performed a 2 (figure 
type: figure 2 vs. figure 3), x 2 (locus: the end-term that 
it is the relatum was in the first premise or in the second 
premise) x 2 (directionality of the categorical premise: 
forward or backward) x 2 (polarity of the categorical 
premise: affirmative or negative) analysis of variance 
with repeated measures. This analysis revealed a double 
interaction between locus and directionality, F(1, 38) = 
8.23, Mse = .14, p < .01, ηp2 = .18, in the sense that par-
ticipants made more forward than backward infer-
ences in those problems in which the end-term that 
played the role of relatum was in the first premise 
(95% vs. 86%; t(38) = 12.06, p < .05), while they made 
more backward than forward inferences in those prob-
lems in which the end-term that played the role of 
relatum was in the second premise (90% vs. 82% t(38) = 
2.21, p < .04). Main effect for other variables, double 
interactions, triple interactions and quadruple interac-
tion was not found (in any case p > .05).

Again, these results confirmed our predictions. As 
we anticipated, there was an interaction between the 
locus of the end term that played the role of relatum 
and the directionality of the inference: when the end-
term that played the role of relatum was in the first 
premise, there was a forward directional effect; but 
when the end-term that played the role of relatum was 
in the second premise, there was a backward direc-
tional effect.

Problem 1 Problem 2 Problem 3 Problem 4
A if B B if A if and only  

if B, A
if and only  

if A, B
if and only  

if C, B
if and only  

if B, C
B if C C if B

Table 1. Percentages of endorsement of the inferences as a function of their figure (figure 2 and figure 3), locus of end-term that plays the role 
of relatum (first premise versus second premise), direction of the categorical premise (forward versus backward) and polarity of the categorical 
premise (affirmative versus negative)

Type of conditional problems

Figure 2 Figure 3

Locus Locus

First premise  
if A, B C if B

Second premise  
A, if B if C, B

First premise  
B if A if B, C

Second premise  
if B, A B if C

Forward affirmative 97 80 93 85
Forward negative 87 78 87 71
Backward affirmative 89 98 83 98
Backward negative 78 83 74 91
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EXPERIMENT 3: SUPPRESSION OF THE 
DIRECTIONAL EFFECT IN DOUBLE 
CONDITIONALS

The aim of this experiment was to test two predictions:
 
	a)	�If both end-terms play the role of relatum, a suppres-

sion of the directional effect is predicted.
	b)	�If none of the end-terms plays the role of relatum,  

a suppression of the directional effect is predicted.
 

Also, we predict that there will be a directional effect 
when only one-term plays the role of relatum and that 
participants should make more backward inferences 
than forward inferences when the end-term that plays 
the role of relatum is in the second premise.

Method

Participants

The 35 participants who took part in this experiment 
were undergraduate students at the Universidad de 
La Laguna, Tenerife, Spain. None of them had formal 
training in logic.

Design

A 3x2x2 within subject was used in this experiment. 
The first variable was the type of problem, with three 
levels: problems in which both end-terms play the role 
of relatum (“Only if A, B / if C, B”); problems in which 
neither end-term plays the role of relatum (“A if B / C 
only if B”); and problems in which the only one end-term 
that plays the role of relatum is in the second premise 
(“A if B / if C, B”). The second variable was the direction-
ality of the categorical premise (forward vs. backward) 
and the third variable was the polarity of the categorical 
premise (affirmative vs. negative).

Procedure and materials

The procedure was the same as in previous experiments. 
Participants received a total of 12 problems shaped 
into three different types of problems: four problems in 
which only one end-term played the role of relatum 
(it was in the second premise); four problems in which 
both end-terms played the role of relatum; and four 
problems in which neither of the end-terms played the 
role of relatum. All problems used in this experiment 
were figure 2 problems.

Results and discussion

Table 3 shows the percentages of endorsement of  
the inferences as a function of the problem type, the 
directionality and the polarity of the inference. We per-
formed a 3 (type of problem: one end-term played the 
role of relatum, two-end terms played the role of rela-
tum and neither end-term played the role of relatum) x 2 
(directionality of the categorical premise: forward or 

Table 2. Percentages of endorsement of the inferences as a function of their figure (figure 2 and figure 3), locus of end-term that plays the role 
of relatum (first premise versus second premise), direction of the categorical premise (forward versus backward) and polarity of the categorical 
premise (affirmative versus negative)

Type of conditional problems

Figure 2 Figure 3

Locus Locus

First premise  
iff A, B C if B

Second premise A,  
if B iff C, B

First premise  
B if A iff B, C

Second premise  
iff B, A B if C

Forward affirmative 97 90 97 77
Forward negative 92 74 92 87
Backward affirmative 88 95 90 90
Backward negative 79 92 84 85

Table 3. Percentages of endorsement of the inferences as a function 
of problem types (two end-terms play the role of relatum, none end-
term plays the role of relatum and one end-term plays the role of 
relatum), direction of the categorical premise (forward versus back-
ward) and polarity of the categorical premise (affirmative versus 
negative)

Type of conditional problems

Only if A,  
B if C, B

A if B  
C only if B

A if B  
if C, B

Forward affirmative 80 77 80
Forward negative 69 54 57
Backward affirmative 71 77 91
Backward negative 54 66 77
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backward) x 2 (polarity of the categorical premise: 
affirmative or negative) analysis of variance with  
repeated measures. This analysis revealed a double 
interaction between type of problem and directionality, 
F(2, 68) = 3.73, Mse = .18, p < .03, ηp2 = .10, in the sense 
that participants made more backward than forward 
inferences in those problems in which the end-term 
that played the role of relatum was in the second pre-
mise (90% vs. 76%; t(34) = 2.14, p< .04) while there was 
no directional effect for those problems in which both 
end-terms played the role of relatum (74% vs. 63%; 
t(34) = 1.39, p = .17) or when both middle-terms (or nei-
ther of the end-terms) played the role of relatum (66% 
vs. 71% t(34) = .78, p = .44). A main effect for polarity, 
F(1, 34) = 13.52, Mse = .22, p < .001, ηp2 = .29, was found, 
in the sense that participants made more affirmative 
than negative inferences (80% vs. 63%). Main effect for 
other variables, double interactions, triple interactions 
and quadruple interaction was not found (in any case 
p > .05).

Again, these results confirmed our predictions. As 
we anticipated, there was an interaction between the 
type of problems and the directionality of the infer-
ence: there was a backward directional effect in those 
problems in which the end-term that played the role of 
relatum was in the second premise, but there was no 
directional effect in those problems in which the end-
term that played the role of relatum was in both pre-
mises or in neither premise.

General Discussion

The three experiments reported here confirmed our 
predictions. It was predicted that there would be a 
directional effect only if one end-term played the role 
of relatum: if the end-term playing the role of relatum 
was in the first premise, there would be a forward  
directional effect; and if the end-term that played the 
role of relatum was in second premise, there would 
be a backward directional effect. Furthermore, we pre-
dicted there would be a suppression of the directional 
effect when both end-terms played the role of relatum 
or when none of end-terms played the role of relatum. 
All of these predictions were fulfilled in experiments 
1, 2 and 3.

On the one hand, our hypothesis fits very well with 
the results obtained in other studies using double con-
ditionals and biconditionals (Espino & Hernández, 
2009; Espino & Santamaría, 2008; Oberauer et al., 2005). 
Oberauer et al. (2005, Experiment 1) found that infer-
ences were drawn faster from the antecedent to the 
consequent in the conditional (“if A, then B”, “if B, 
then C”) and in the biconditional (“if and only if A, B”, 
“if and only if B, C”), but that inferences were drawn 
faster from the consequent to the antecedent in the 

reverse conditional (“A if B” “B if C”). For example, in 
the reverse conditional “A if B / B if C”, the end-term 
that plays the role of relatum is in the second premise 
and our hypothesis predicts that people should draw 
backward inferences more quickly than forward infer-
ences. Espino and Hernández (2009, Experiment 2) 
found that participants made more forward inferences 
in double conditional figure 4 (“if A, B / if B, C”) but 
made more backward inferences in double conditional 
figure 1 (“B if A / C if B”; also Oberauer et al., 2005, 
Experiment 1). Our hypothesis claims that participants 
make more forward inferences in figure 4, because the 
end-term that plays the role of relatum is in the first 
premise; while they make more backward inferences 
in figure 1, because the end-term that plays the role of 
relatum is in the second premise.

Alternative hypothesis, such as the FIFO hypothesis 
(Johnson-Laird, 1984), cannot explain the results obtained 
in this research. On the contrary, the FIFO hypothesis 
predicts that the directional effect should not happen 
in figures 2 and 3, but our findings go against this 
prediction.

In summary, the results of these experiments are 
consistent with the new extension of the semantic 
hypothesis which has been presented in order to 
explain the directionality effect in double conditionals 
with different directionality during the inference stage. 
This hypothesis suggests that the directionality effect 
depends on two factors: 1) which term of the premise 
plays the role of relatum; 2) in which premise the term 
that plays the role of relatum is to be found. With the 
combination of these two factors, it is possible to  
account for the directionality effect during the infer-
ence stage in double conditionals.

References

Broadbent D. (1958). Perception and communication. New York, 
NY: Pergamon Press.

Espino O., & Hernández E. (2009). Efectos de 
direccionalidad en condicionales [Directionality effects in 
conditionals]. Psicológica, 30, 41–57.

Espino O., & Santamaría C. (2013). Presentation format and 
syllogistic reasoning. Psicológica, 34, 313–26.

Espino O., & Santamaría C. (2008). Initial models in 
conditionals: Evidence from priming. The Spanish Journal  
of Psychology, 11, 36–47. http://dx.doi.org/10.1017/
S1138741600004091

Espino O., Santamaría C., & García-Madruga J. A. (2000). 
Activation of end-terms in syllogistic reasoning. Thinking & 
Reasoning, 6, 67–89. http://dx.doi.org/10.1080/ 
135467800393939

Evans J. St. B. T. (1977). Linguistic factors in reasoning. 
Quarterly Journal of Experimental Psychology, 29, 297–306. 
http://dx.doi.org/10.1080/14640747708400605

Evans J. St. B. T. (1993). The mental model theory of 
conditional reasoning: Critical appraisal and revision. 

https://doi.org/10.1017/sjp.2015.42 Published online by Cambridge University Press

http://dx.doi.org/10.1017/S1138741600004091
http://dx.doi.org/10.1017/S1138741600004091
http://dx.doi.org/10.1080/135467800393939
http://dx.doi.org/10.1080/135467800393939
http://dx.doi.org/10.1080/14640747708400605
https://doi.org/10.1017/sjp.2015.42


Directionality Effect in Conditionals   9

Cognition, 48, 1–20. http://dx.doi.org/10.1016/ 
0010-0277(93)90056-2

Evans J. St. B. T., & Beck M. A. (1981). Directionality  
and temporal factors in conditional reasoning. Current 
Psychological Research, 1, 111–120. http://dx.doi.org/ 
10.1007/BF02684483

Evans J. St. B. T., Newstead S. E., & Byrne R. M. J. (1993). 
Human reasoning: The psychology of deduction. Hove, UK: 
Erlbaum.

Gernsbacher M. A. (1991). Comprehending conceptual 
anaphors. Language and Cognitive Processes, 6, 81–105. 
http://dx.doi.org/10.1080/01690969108406939

Grosset N., & Barrouillet P. (2003). On the nature of mental 
models of conditionals: The case of if, if then, and only if. 
Thinking and Reasoning, 9, 289–384. http://dx.doi.org/ 
10.1080/1354678034000240

Johnson-Laird P. N. (1984). Syllogistic inference. Cognition, 
16, 1–61. http://dx.doi.org/10.1016/0010-0277(84)90035-0

Logan G. D. (1995). Linguistic and conceptual control of 
visual spatial attention. Cognitive Psychology, 28, 103–174. 
http://dx.doi.org/10.1006/cogp.1995.1004

Oberauer K., Hörnig R., Weidenfeld A., & Wilhelm O. 
(2005). Effects of directionality in deductive reasoning: 
II. Premise integration and conclusion evaluation.  
The Quarterly Journal of Experimental Psychology,  
58, 1225–1247. http://dx.doi.org/10.1080/ 
02724980443000566

Oberauer K., & Wilhelm O. (2000). Effects of directionality 
in deductive reasoning: I. The comprehension of single 
relational premises. Journal of Experimental Psychology: 
Learning, Memory and Cognition, 26, 1702–1712. http://dx.
doi.org/10.1037//0278-7393.26.6.1702

Santamaría C., & Espino O. (2002). Conditionals and 
directionality: On the meaning of If vs. only if. Quarterly 
Journal of Experimental Psychology, 55, 41–57. http://dx.doi.
org/10.1080/02724980143000145

https://doi.org/10.1017/sjp.2015.42 Published online by Cambridge University Press

http://dx.doi.org/10.1016/0010-0277(93)90056-2
http://dx.doi.org/10.1016/0010-0277(93)90056-2
http://dx.doi.org/10.1007/BF02684483
http://dx.doi.org/10.1007/BF02684483
http://dx.doi.org/10.1080/01690969108406939
http://dx.doi.org/10.1080/1354678034000240
http://dx.doi.org/10.1080/1354678034000240
http://dx.doi.org/10.1016/0010-0277(84)90035-0
http://dx.doi.org/10.1006/cogp.1995.1004
http://dx.doi.org/10.1080/02724980443000566
http://dx.doi.org/10.1080/02724980443000566
http://dx.doi.org/10.1037//0278-7393.26.6.1702
http://dx.doi.org/10.1037//0278-7393.26.6.1702
http://dx.doi.org/10.1080/02724980143000145
http://dx.doi.org/10.1080/02724980143000145
https://doi.org/10.1017/sjp.2015.42

