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Abstract
We aimed to study how compound negation of conjunctions and disjunctions is understood and represented. In particular,
we aimed to test time course predictions consistent with the Mental Models Theory of negation proposed in 2012 by
Khemlani, Orenes, and Johnson-Laird. Consistent with this theory, we conjectured that the consideration of possibilities
elicited by any given information regulates the processing of compound negation. We studied response type patterns to
replicate previous findings as well as response time patterns to generate novel chronometrical evidence. We conducted a
within-subjects experiment to test a set of five experimental hypotheses. We used a sentence-equivalence task. Participants
were asked to find a logical equivalence for a given compound negation of a conjunction or a disjunction. Four possible
response options were presented, but only one of them was correct according to sentential logic. We also tested predictions
derived from theories that argue against the Mental Models Theory. The evidence resulted consistent with the model theory
of negation and incompatible with alternative accounts. In particular, our results did not support the Psychology of Proof and
the Dual-Process approach to negation.
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Introduction
The meaning of negation seems to be clear in mathematical
logic. That is, to negate means to return a complementary set
of another given set (see, for example, Suppes & Hill, 1992).
This meaning becomes less clear in pragmatics (Horn, 1989;
Horn & Ward, 2005). That is, negation in natural language
seems to be strongly influenced by conversational maxims
(Grice, 1975, 1989) and contextual factors (Sperber &
Wilson, 1986, 1987; Wilson & Sperber, 1994) that generate a
diversity of interpretations. For instance, the implicit negation operated by scalar implicatures might promote either a
logical interpretation or a conversational interpretation (Bott
& Noveck, 2004). The meaning of negation becomes much
more unclear in psychology, particularly in the field of reasoning research (Khemlani, Orenes, & Johnson-Laird, 2012).
Although the importance and difficulty of negation has been
acknowledged in psychology (Khemlani, Orenes, & JohnsonLaird, 2014; Orenes, Beltrán, & Santamaría, 2014), the most
influential theories of reasoning disagree about its core syntactic, semantic, and pragmatic factors. However, important
recent advances have been achieved from the perspective of
the Mental Models Theory (MMT)—or model theory for
short. The aim of this study is to test several time course
predictions concerned with the MMT of negation (Khemlani

et al., 2012, 2014). The following steps are followed: First,
we analyze the main findings of the MMT concerned with
negation. Second, we review relevant contributions to the
subject proposed by alternative theories. Third, we describe
and analyze the rationale of a straightforward paradigm to
study the psychology of compound negation. Fourth, we
report an experiment that replicates previous findings and
contributes novel chronometrical evidence. Finally, we discuss the scope and limitations of our experiment and propose
further studies.

Mental Models of Compound Negation
Wason and Johnson-Laird (1972) found that negative sentences are harder to deal with than false sentences. These
authors also found that the evaluation of false affirmations
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requires more time than true affirmations, but the evaluation
of false negations is faster than the evaluation of true negations. The MMT explained these results by applying the concept of mental models, which are defined as iconic
representations of the possibilities elicited by a piece of
given information (Johnson-Laird, 1983, 2006, 2010a,
2010b). The MMT suggests that human reasoning proceeds
by representing possibilities and testing counterexamples to
evaluate consistency (Johnson-Laird & Byrne, 1991;
Johnson-Laird, Khemlani, & Goodwin, 2015) and to distinguish between biconditionals, conditionals, and intention
conditionals (Juhos, Quelhas, & Byrne, 2015). An extension
of the MMT that covers the meaning, representation, and use
of negation has been recently proposed by Khemlani et al.
(2012, 2014). According to this extension, the psychology of
negation depends on the mental models’ dynamics. That is,
the processing of negation would require the mental representation of a set of possibilities and subsequent inferences
based on such set of representations. The construction of
mental models, which are simplified representations that
include implicit elements, might eventually derive in fleshing out fully explicit models, which require more processing
time and more working memory consumption (JohnsonLaird, 2006). Khemlani et al. (2012) have derived from the
MMT some predictions concerned with the processing of
negation. Among them, we aimed to experimentally test two
predictions. According to the first prediction (Khemlani
et al., 2012), the negation of a conjunction might require
more processing time than the negation of a disjunction. This
would happen because the former is equivalent to an inclusive disjunction, which requires three mental models while
the latter is equivalent to a conjunction, which requires only
one mental model. These equivalences are regulated by the
logical laws known as DeMorgan’s laws for compound negations of conjunctions and disjunctions (DeMorgan, 1847;
Suppes & Hill, 1992). A compound sentence is a molecular
expression that can be parsed into atomic sentences, which
do not include connectives or the operator of negation.
Conjunctions and disjunctions are examples of compound
sentences. For instance, “Africa is a continent and London is
a city” is a compound sentence because the conjunctive operator “and” connects the atomic sentence “Africa is a continent” with the atomic sentence “London is a city.” In a
similar manner, the word “or” operates in disjunctions
(Suppes & Hill, 1992). According to the MMT, the heavier
the working memory load is, the poorer the performance in
negation tasks would be (Orenes & Santamaría, 2014).
According to the second prediction, the processing of compound negations is so difficult that the activation of some
negation heuristics is highly probable (Khemlani et al.,
2012). The empirical evidence collected in several experiments supports the MMT of negation using response type
patterns (Khemlani et al., 2014; Macbeth et al., 2014;
Macbeth, Razumiejczyk, & Campitelli, 2013; Macbeth,
Razumiejczyk, Crivello, Fioramonti, & Pereyra Girardi,
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2015). Khemlani et al. (2014) applied a construction paradigm to study some relevant aspects of denial. In the same
line of research, Orenes and colleagues (2014) used the
visual world paradigm in the context of eye-tracking methods (Orenes & Santamaría, 2014) to obtain evidence supporting the MMT of negation. We aimed in this study to
provide additional chronometrical evidence by using a sentence-equivalence task based on DeMorgan’s laws of compound negation.

Other Psychological Contributions to the Study of
Negation in Reasoning
The importance of negation in deductive reasoning has been
extensively studied in the context of the Wason Selection
Task or WST (Ball, Lucas, Miles, & Gale, 2003; Evans,
1996, 1998; Evans & Ball, 2010; Evans, Clibbens, & Rood,
1996; Evans & Handley, 1999). The WST is a conditional
task that requires the verification of a given conditional rule
in a set of four cards with controlled information in both
sides (for a detailed description, see, for example, Evans &
Over, 1996). Two prominent findings obtained with the WST
were considered in our study. First, reasoning with negation
is a difficult task (Evans & Lynch, 1973). Second, reasoning
tasks that require the use of negation are prone to the activation of heuristics and the occurrence of biases (Evans &
Over, 1996, 2005). Both of these findings are consistent with
the model theory of negation (see Khemlani et al., 2012, p.
548, on difficulty, and p. 544 on processing heuristic). One of
the most salient reasoning biases known as matching bias has
been early discovered using the WST (Evans, 1972, 1996,
1998; Evans & Lynch, 1973). This cognitive phenomenon
consists in matching some given information with a specific
response in the WST. It is important to consider that the WST
has been mostly studied from the perspective of Dual-Process
theories (Evans & Stanovich, 2013a, 2013b), which basically
distinguish between intuition and reflection. However,
beyond this convergence between the MMT and the two
mentioned findings generated from a Dual-Process perspective, some critical discrepancies between both theoretical
points of view have been pointed out (Evans, 1993; JohnsonLaird, 1983).
Another prominent theory that provides specific predictions about the cognitive processing of compound negation
is the theory known as Psychology of Proof or its computational implementation known as PSYCOP (Rips, 1994).
According to this perspective, the human mind has access to
logical forms as natural resources. Moreover, the ubiquitous
errors that the experimental evidence shows about deductive
reasoning shall be attributed to a problem of translation from
natural language to mental logic and back to natural language (Rips, 2011). PSYCOP includes specific routines for
compound negation. Although the MMT predicts more errors
and more time consumption for the negation of conjunctions
when compared with the negation of disjunctions, PSYCOP
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Table 1. Task Example for the Negation of a Conjunction.

Table 2. Task Example for the Negation of a Disjunction.

Instructions: Please find the sentence in small letters that is
equivalent to the sentence in capital letters. Two sentences are
equivalent when they have the same meaning, that is, when they
express exactly the same idea. Only one of the four response
options is correct according to logic.
IT IS NOT THE CASE THAT: LONDON IS A CITY AND
AFRICA IS A CONTINENT
a. London is not a city and Africa is not a continent.
b. London is not a city or Africa is not a continent.a
c. If London is not a city, then Africa is not a continent.
d. London is not a city or else Africa is not a continent.

Instructions: Please find the sentence in small letters that is
equivalent to the sentence in capital letters. Two sentences are
equivalent when they have the same meaning, that is, when they
express exactly the same idea. Only one of the four response
options is correct according to logic.
IT IS NOT THE CASE THAT: MESSI IS A SOCCER PLAYER OR
FEDERER IS A GOLF PLAYER
a. Messi is not a soccer player and Federer is not a golf player.a
b. Messi is not a soccer player or Federer is not a golf player.
c. If Messi is not a soccer player, then Federer is not a golf
player.
d. Messi is not a soccer player or else Federer is not a golf
player.

a

The correct response according to DeMorgan’s Law 1.

a

predicts the opposite inequality or no difference at all (Rips,
1994, pp. 114-118). In PSYCOP, the forward processing of a
negated conjunction requires three computational steps while
a negated disjunction requires five steps (Rips, 1994, p. 114).
For backward processing, PSYCOP predicts four steps for
both compound negations (Rips, 1994, p. 118). Forward reasoning in PSYCOP occurs when the direction of the inference goes from the compound negation to its corresponding
disjunction or conjunction. Backward reasoning follows the
opposite direction, that is, from a conjunction or disjunction
to a compound negation under the form of DeMorgan’s laws.
As the MMT and PSYCOP make opposite predictions about
the same cognitive processes, we applied a neutral experimental paradigm to contribute relevant evidence to this
discussion.
In sum, we have derived two working hypotheses following the model theory of negation. The first working hypothesis states that response type selection in compound negation
reasoning is regulated by the construction of mental models.
The second working hypothesis states that response time
consumption is a function of mental models’ dynamics when
reasoning with compound negation.

A Straightforward Experimental Paradigm to
Study Compound Negation
To achieve a neutral and straightforward comparison between
predictions derived from the MMT and alternative theories,
we applied a sentence-equivalence task that was used in previous studies (Macbeth, Razumiejczyk, Crivello, et al., 2013;
Macbeth et al., 2014; Macbeth et al., 2015). This task
required to find a logical equivalence for a given compound
negation. A logical equivalence can be defined as a biconditional tautology (see, for example, Suppes & Hill, 1992).
That is, two sentences are logically equivalent when they
have the same meaning or express the same idea. Table 1
shows a task example for the negation of a conjunction and
Table 2 for the negation of a disjunction.
Four response options were presented. One option was
the sentential equivalence for the given negation according

The correct response according to DeMorgan’s Law 2.

to DeMorgan’s laws (DeMorgan, 1847). The remaining three
options were not equivalences, but captured frequently
observed responses (Macbeth et al., 2014; Macbeth et al.,
2015) that can be accounted for by the MMT (Johnson-Laird,
2006; Khemlani et al., 2012). The full task included eight
items, four concerned with conjunction and four with disjunction. DeMorgan’s laws are two formal relations between
sentences. DeMorgan’s Law 1 states that the negation of a
conjunction is equivalent to a disjunction. DeMorgan’s Law
2 states that the negation of a disjunction is equivalent to a
conjunction. Formally, Law 1 states that “not (p and q) is
logically equivalent to (not p or not q).” Law 2 states that
“not (p or q) is equivalent to (not p and not q).” The letters p
and q represent a sentence, which is any proposition or utterance associated to a truth value (true or false, but not both).
This formal treatment of sentences was early conceived by
Aristotle in his Organon (Aristotle, 1984), but such idea was
mathematically developed only during the last two centuries
(Mendelson, 1997). Concerning to psychology, the use of
norms like DeMorgan’s laws has been recently debated
(Schurz, 2014) and considered necessary in reasoning
research (Markovits, 2014; Stupple & Ball, 2014).
Three nonnormative response types were constructed: a
matching-bias-like response, a scope bias response, and a
transformation bias response. The matching-bias-like
response was inspired by the matching bias phenomenon
observed in the WST (Evans, 1972, 1998). That is, selecting
a matching option generates an incorrect response in our
sentence-equivalence task. We constructed connectives
matching response options for both laws (see Table 1, Option
a; Table 2, Option b). Psychologically, this option can be
considered relevant because the model theory of negation
predicts heuristic processing (Khemlani et al., 2012), which
might produce shallow matching responses (Macbeth et al.,
2014). A scope-biased response for negation tasks was first
conjectured by Khemlani and colleagues (2012, p. 544).
Such a response might be caused by the spontaneous tendency to reduce the working memory load during thinking.
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In our task, we intended to capture this phenomenon using an
exclusive disjunction sentence as a response option (see
Table 1, Option d; Table 2, Option d). Such an option is
incorrect because DeMorgan’s laws apply only to inclusive
disjunction. A transformation bias response was additionally
constructed. Such response was included to capture a possible effort for fleshing out fully explicit models, but producing a misleading result. That is, the sentences to which
DeMorgan’s laws can be applied, can also be transformed
into a conditional sentence according to mathematical logic
(see, for example, Suppes & Hill, 1992). For example, the
sentence “not p or not q” is equivalent to the conditional sentence “if p, then not q.” One incorrect transformation, which
is the one we used in our paradigm was “if not p, then not q”
(see Tables 1 and 2, Option c in both cases). Such incorrect
transformation can be interpreted as a misleading inferential
effort.
In sum, the theoretical neutrality of this sentence-equivalence task, the response options, and the registry of response
types and response times as dependent variables can be
understood as an appropriate paradigm to test the model theory of negation and alternative theories. Since the task
requires a selection between fixed alternatives, the paradigm
is adequate to test chronometrical hypotheses. Construction
tasks—which do not provide options to select—make
response times harder to interpret. Our paradigm can also
provide relevant evidence concerned with controlled biased
responses.

Method
Participants
A total of 71 students were randomly recruited at the National
University of Entre Rios, Argentina. These students were
undergraduates in Social Sciences: 40 were female (56.3%).
The mean age was 24.11 years (SD = 4.996). All the participants gave a written informed consent before taking part in
the experiment. No reward was given for participation,
which was voluntary. None of the participants received formal training in logic or mathematics as part of their university curricula. All the participants were informed about the
procedure, but not about the purpose of the experiment.

Materials and Procedure
One set of eight exercises was given to all the participants.
These exercises were given one at a time. To conduct the
experiment, we used a portable computer connected to a
21-inch LED screen. The participant was asked to sit in front
of a desk. Over the desk, the screen and a response device
were located. The experimenter explained verbally in a few
words that the experimental instructions would be given
using the screen and that all the responses would be recorded
using the response device located in the same desk. The
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participants were told that no deception and no harm of any
kind would be used in the experiment, and that they were
free to interrupt the study at any moment. Four exercises
were like the one presented in Tables 1 and 4 were like the
one presented in Table 2. We used for both DeMorgan’s laws
the full combination of truth values for the atomic sentences
in capital letters, that is, true-true (TT), true-false (TF), FT,
and FF. We randomized the sequence of items and the
sequence of options within each item for all the subjects. All
the participants completed the experiment individually. To
design and conduct the experiment, we used the software
PsychoPy (Peirce, 2009). A response device controlled by
PsychoPy with four keys, one for each option, was used to
record responses. The participant was instructed to press the
key corresponding to the selected option with her or his dominant hand. Each key press was used to record in each exercise and for each participant the response type and the
response time. A brief sound of 150 ms confirmed to the participant that the response was recorded. A fixation black
cross was presented before each exercise during 250 ms in
the center of the screen. The exercise remained on the screen
until a response was recorded. No response consumed more
than 60 s. A practice session of four exercises was previously
introduced for all the subjects. The materials of these four
exercises were not included in the subsequent experiment.
The experiment was conducted at the same time of the day
for each participant and lasted roughly 15 min.

Design and Analyses
A 2 (negation factor: negation of a conjunction, negation of a
disjunction) single-factor within-subjects design was used in
the experiment. We studied response type and response time
as dependent variables. The response type was operationally
defined by the four response options described above. The
response time was measured in milliseconds using PsychoPy
(Peirce, 2009). We applied two analysis strategies. Statistical
tests of proportions were conducted to study response type.
Mean comparisons based on log transformed vectors of
latency measures were conducted to study response time.

Experimental Hypotheses
We derived two experimental hypotheses—H1 and H2—
from the first working hypothesis concerned with response
type. From the second working hypothesis concerned with
response time, we derived three experimental hypotheses—
H3, H4, and H5. The experimental hypothesis H1 states that
the frequency of normative responses is higher for the negation of a disjunction than for the negation of a conjunction.
This should happen because the negation of a conjunction
requires more mental models than the negation of a disjunction (Khemlani et al., 2012). More specifically, the negation
of a conjunction requires the representation of three mental
models, while the negation of a disjunction requires only one
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mental model. H2 states that the frequency of matching-biaslike responses is higher for the negation of a conjunction
than for the negation of a disjunction. This would result from
the greater difficulty of the former when compared to the latter (Macbeth, Razumiejczyk, & Campitelli, 2013). H3 states
that response times are faster for the negation of a disjunction than for the negation of a conjunction. This shall occur
because the former requires the representation of a lesser
number of mental models than the latter. This conjecture has
been directly derived from the MMT of negation by Khemlani
et al. (2012). H4 is concerned with the transformation bias
response, which is a wrong answer for both laws that takes
the form of a conditional. If the formal logic perspective in
psychology—that argues against the MMT—is right, then
participants who select the transformation bias response
more frequently should also give slower responses than participants who select such response less frequently. Consistent
with this theory (Rips, 1994), a high-demanding routine shall
be required to transform a compound negation into a conditional (see inference rules in Rips, 1994, pp. 45, 85-86, 113114, 116-119, 129). The delay produced by such mental
effort should be more prominent among those participants
who select this response type more frequently. The response
time increase associated to a difficult mental proof construction has been explicitly predicted by Rips (1994, Figure 5.2,
p. 165). H5 is concerned with the matching-bias-like
response. If the Dual-Process perspective is right—against
the MMT—then faster responses should be observed among
participants who select the matching-bias-like response more
frequently. Such acceleration should be less prominent for
participants who select this response type less frequently.
That is, the Dual-Process theories argue that heuristic
responses—like the matching bias response in the WST—
are less time-consuming answers (Evans & Stanovich,
2013a, 2013b). Consistent with such two minds rationality
perspective (Evans, 2014), a similar phenomenon should
occur with the matching-bias-like response in our sentenceequivalence task.

Results
Hypotheses testing for H1, H2, and H3 yielded statistical significance. H4 and H5 testing did not yield statistical significance. Concerning H1, the frequency of normative responses
resulted higher (test of proportions, Z = −3.3571; p = .00078)
for the negation of a disjunction (64.78%, that is, 46 participants out of 71) than for the negation of a conjunction
(36.61%, that is, 26 participants out of 71). Concerning H2,
the frequency of matching-bias-like responses resulted
higher (test of proportions, z = 2.6409; p = .0083) for the
negation of a conjunction (87.32%, that is, 62 participants
out of 71) than for the negation of a disjunction (69.01%, that
is, 49 participants out of 71). To test H1 and H2, we considered the proportion of individuals that gave one, two, or three
responses of each type, that is, normative responses for H1

and matching-bias-like responses for H2. Only participants
who gave zero responses for each type were excluded to
obtain the corresponding proportions.
To test H3, H4, and H5, a log transformation was applied
to the response time vectors. The statistical tests were applied
to such log transformed vectors. Concerning H3, faster
responses (paired samples t = 4.913; p < .001; df = 70;
Cohen’s d = 0.468, about medium effect size) were observed
for the negation of a disjunction (M = 4.347; SD = 0.096)
than for the negation of a conjunction (M = 4.407; SD =
0.154). Concerning H4, no significant difference in response
time (independent samples t = −0.116; p = .908; n = 71;
Cohen’s d = 0.03, close to null effect size) was observed
between participants who selected the transformation bias
response more frequently (n = 39; M = 4.383; SD = 0.125)
when compared with those who selected the same response
less frequently (n = 32; M = 4.379; SD = 0.11). Concerning
H5, the chronometrical difference between both groups
resulted nonsignificant (independent samples t = 0.45; p =
.654; n = 71; Cohen’s d = 0.11, close to null effect size) when
comparing participants who selected the matching-bias-like
response more frequently (n = 30; M = 4.374; SD = 0.109)
with those who selected the same response less frequently (n
= 41; M = 4.387; SD = 0.125).
To test H4 an H5, we used a median split strategy to generate a factor based on response frequency selection to make
response time comparisons. Concerning H4, the split by the
median of the frequency of transformation bias responses
(Median = 1) produced two vectors. One of these vectors
included 32 participants who did not select such response at
all throughout the eight exercises. The other vector included
the remaining 39 participants who selected the same response
type 1 time or more times throughout the eight exercises. The
dependent variable corresponded to the log transformation of
participants’ latency throughout the eight responses.
Concerning H5, the same median split strategy was applied
to the vector of matching-bias-like frequency (Median = 3).
Forty-one participants resulted below the median and 30
resulted above the median. This factor was further used to
achieve the aimed chronometrical comparison. We chose the
median split strategy instead of comparing the top and bottom quartiles because the former is a stronger test than the
latter. Taken together, these results are consistent with the
model theory of negation.

Discussion
We tested five experimental hypotheses concerned with the
model theory of negation. The evidence supported such theory. Response type analysis replicated previous findings
(Khemlani et al., 2012, 2014; Macbeth, Razumiejczyk,
Crivello, et al., 2013; Macbeth et al., 2014; Macbeth et al.,
2015) and response time analysis contributed novel findings.
Taken together, these results suggest that the processing of
compound negation can be understood as a complex set of
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psychological phenomena. The behavior of negation seems
to be regulated by mental models’ dynamics. That is, negation might proceed like the construction of a complement for
a given set in mathematical set theory (Khemlani et al.,
2012). The temporal course of negation observed in our
experiment resulted consistent with this conjecture.
Concerning our response type results, our evidence suggests that conjunctions are harder to negate than disjunctions. This would happen because the former is equivalent to
a disjunction—which requires the representation of three
mental models—while the latter is equivalent to a conjunction—which requires only one mental model. Such representational difference explains why the negation of a disjunction
collected more normative responses than the negation of a
conjunction, according to H1. The same reason explains why
the negation of a conjunction collected more matching-biaslike responses than the negation of a disjunction, according
to H2. Alternative formalist theories like PSYCOP predict
the opposite result or no difference at all for normative
responses between the negation of conjunctions and disjunctions (Rips, 1994). Concerning matching-bias-like responses,
no specific prediction can be derived from PSYCOP. Further
alternative accounts like Dual-Process theories have extensively studied distorted processes like the matching bias in
the WST (Evans, 1998). However, no specific prediction can
be derived from the two minds rationality view (Evans,
2014) when considering the differential behavior between
the negation of a conjunction and the negation of a disjunction. That is, both negations seem to trigger intuitive
responses followed by reflection, but no interpretation can be
given to the higher difficulty of negating conjunctions when
compared with negating disjunctions.
Concerning our response time results, the temporal course
of negation seems to be consistent with the model theory’s
predictions. The negation of a conjunction requires the representation of more mental models than the negation of a disjunction. Therefore, the negation of a conjunction consumes
more time than the negation of a disjunction according to H3.
Since PSYCOP can make predictions based on the number of
rules that a specific reasoning task requires, we derived H4
from such formalist view. The evidence resulted inconsistent
with H4. That is, no difference in response time was observed
between participants who frequently gave transformation
bias responses when compared to participants who gave the
same response with lower frequency. This result indirectly
supports the MMT because the MMT argues against logical
form (Johnson-Laird, 2010a, 2010b). Concerning the temporal course of the matching-bias-like response frequency
selection, H5 aimed to test a prediction derived from a DualProcess view. The acceleration predicted for this kind of
intuitive response (Evans & Stanovich, 2013a, 2013b) was
not consistent with our results. This evidence also supports
the MMT because the MMT argues against such specific
dual theory (Johnson-Laird, 1983, see Chapter 6).

SAGE Open
Further studies are needed to understand the specific mental models’ dynamics of the negation heuristics mentioned by
Khemlani et al. (2012). Phenomena like the matching-biaslike response observed in our sentence-equivalence task
seem to be robust (Macbeth, Razumiejczyk, Crivello, et al.,
2013; Macbeth et al., 2014; Macbeth et al., 2015). Moreover,
such response type seems to be the most frequent incorrect
response in experimental tasks concerned with negation. A
deeper study of this shallow response might promote our
understanding of negation.
Our experimental evidence resulted consistent with previous experiments conducted by Khemlani et al. (2014) in the
context of the MMT. By applying a novel paradigm, their
participants were asked to select (Experiment 1) or formulate
(Experiment 2) sentential equivalences for a given negation
of a conjunction or a disjunction. For example, they used
sentences such as “Bob denied that he wore a yellow shirt
and he wore blue pants on Tuesday” (Khemlani et al., 2014,
p. 4). Participants had to select response options or construct
sentences consistent with the given compound. Their results
showed that the negation of a conjunction is harder to deal
with than the negation of a disjunction, which is consistent
with a model account of negation. Our study extends these
findings by providing chronometrical evidence consistent
with the same theory, but using a sentence-equivalence task.
One limitation of our study is the lack of discrimination
inside the response time measures (Sigman & Dehaene,
2005). That is, latencies are additive because response times
are the sum of time intervals dedicated to visual inspection,
long-term memory retrieval, iconic representation, inferential processing, the search for counterexamples, and so on.
One way to reduce this difficulty would be to conduct eyetracking studies (Orenes et al., 2014). Although tracking eye
movements is a limited method (Anderson, Bothell, &
Douglass, 2004), inspection times and fixations in areas of
interest might provide valuable evidence for the psychological explanation of compound negation (Ball et al., 2003;
Orenes & Santamaría, 2014).
In sum, the evidence of this study is consistent with the
model theory of negation, but inconsistent with the formal
logic perspective of PSYCOP. Our results also posited
problems for a Dual-Process interpretation of robust phenomena like the matching-bias-like response in negation
tasks.
Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding
The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This work
was supported by the National Scientific and Technical Research
Council of Argentina (Grant PIP-CONICET11220130100765CO).

Macbeth et al.
References
Anderson, J. R., Bothell, D., & Douglass, S. (2004). Eye movements do not reflect retrieval processes: Limits of the eye-mind
hypothesis. Psychological Science, 15, 225-231. doi:10.1111/
j.0956-7976.2004.00656.x
Aristotle. (1984). The complete works of Aristotle (Vols. 1 and 2
& J. Barnes, Ed.). Princeton, NJ: Princeton University Press.
Ball, L. J., Lucas, E. J., Miles, J. N. V., & Gale, A. G. (2003).
Inspection times and the selection task: What do eye-movements reveal about relevance effects? Quarterly Journal
of Experimental Psychology, Section A, 56, 1053-1077.
doi:10.1080/02724980244000729
Bott, L., & Noveck, I. A. (2004). Some utterances are underinformative: The onset and time course of scalar inferences.
Journal of Memory and Language, 51, 437-457. doi:10.1016/j.
jml.2004.05.006
DeMorgan, A. (1847). Formal logic or the calculus of inference
necessary and probable. London, England: Taylor & Walton.
Evans, J. S. B. T. (1972). Interpretation and matching bias in a reasoning task. Quarterly Journal of Experimental Psychology,
24, 193-199. doi:10.1080/00335557243000067
Evans, J. S. B. T. (1993). The mental model theory of conditional
reasoning: Critical appraisal and revision. Cognition, 48, 1-20.
Evans, J. S. B. T. (1996). Decide before you think: Relevance and
reasoning in the selection task. British Journal of Psychology,
87, 223-240.
Evans, J. S. B. T. (1998). Matching bias in conditional reasoning:
Do we understand it after 25 years? Thinking & Reasoning, 4,
45-82. doi:10.1080/135467898394247
Evans, J. S. B. T. (2014). Two minds rationality. Thinking &
Reasoning, 20, 129-146. doi:10.1080/13546783.2013.845605
Evans, J. S. B. T., & Ball, L. J. (2010). Do people reason on the
Wason selection task? A new look at the data of Ball et al.
(2003). The Quarterly Journal of Experimental Psychology,
63, 434-411. doi:10.1080/17470210903398147
Evans, J. S. B. T., Clibbens, J., & Rood, B. (1996). The role of
implicit and explicit negation in conditional reasoning bias.
Journal of Memory and Language, 35, 392-409. doi:10.1006/
jmla.1996.0022
Evans, J. S. B. T., & Handley, S. J. (1999). The role of negation in conditional inference. The Quarterly Journal of
Experimental Psychology, Section A, 52, 739-769. doi:10.1080/
027249899391034
Evans, J. S. B. T., & Lynch, J. S. (1973). Matching bias in the
selection task. British Journal of Psychology, 64, 391-397.
doi:10.1111/j.2044-8295.1973.tb01365.x
Evans, J. S. B. T., & Over, D. E. (1996). Rationality and reasoning.
Hove, UK: Psychology Press.
Evans, J. S. B. T., & Over, D. E. (2005). If. Oxford, UK: Oxford
University Press.
Evans, J. S. B. T., & Stanovich, K. E. (2013a). Dual-process theories of higher cognition: Advancing the debate. Perspectives
on Psychological Science, 8, 223-241. doi:10.1177/
1745691612460685
Evans, J. S. B. T., & Stanovich, K. E. (2013b). Theory and
metatheory in the study of dual processing: Reply to comments. Perspectives on Psychological Science, 8, 263-271.
doi:10.1177/1745691613483774

7
Grice, H. P. (1975). Logic and conversation. In P. Cole & J. L.
Morgan (Eds.), Syntax and semantics 3: Speech acts (pp. 4158). New York, NY: Academic Press.
Grice, H. P. (1989). Studies in the way of words. Cambridge, MA:
Harvard University Press.
Horn, L. R. (1989). A natural history of negation. Chicago, IL: The
University of Chicago Press.
Horn, L. R., & Ward, G. (2005). The handbook of pragmatics.
Oxford, UK: Blackwell Publishing.
Johnson-Laird, P. N. (1983). Mental models: Towards a cognitive
science of language, inference, and consciousness. Cambridge,
MA: Harvard University Press.
Johnson-Laird, P. N. (2006). How we reason. New York, NY:
Oxford University Press.
Johnson-Laird, P. N. (2010a). Against logical form. Psychologia
Belgica, 50, 193-221. doi:10.5334/pb-50-3-4-193
Johnson-Laird, P. N. (2010b). Mental models and human reasoning. Proceedings of the National Academy of Sciences, 107,
18243-18250. doi:10.1073/pnas.1012933107
Johnson-Laird, P. N., & Byrne, R. M. J. (1991). Deduction.
Hillsdale, NJ: Lawrence Erlbaum.
Johnson-Laird, P. N., Khemlani, S. S., & Goodwin, G. P. (2015).
Logic, probability, and human reasoning. Trends in Cognitive
Sciences, 19, 201-214. doi:10.1016/j.tics.2015.02.006
Juhos, C., Quelhas, A. C., & Byrne, R. M. J. (2015). Reasoning
about intentions: Counterexamples to reasons for actions.
Journal of Experimental Psychology: Learning, Memory, and
Cognition, 41, 55-76. doi:10.1037/a0037274
Khemlani, S., Orenes, I., & Johnson-Laird, P. N. (2012). Negation:
A theory of its meaning, representation, and use. Journal of
Cognitive Psychology, 24, 541-559. doi:10.1080/20445911.20
12.660913
Khemlani, S., Orenes, I., & Johnson-Laird, P. N. (2014). The negations of conjunctions, conditionals, and disjunctions. Acta
Psychologica, 151, 1-7. doi:10.1016/j.actpsy.2014.05.004
Macbeth, G., Razumiejczyk, E., & Campitelli, G. (2013). The
abstraction effect on logic rules application. Education
Sciences and Psychology, 24(2), 85-96.
Macbeth, G., Razumiejczyk, E., Crivello, M. d. C., Bolzán, C.,
Pereyra Girardi, C. I., & Campitelli, G. (2014). Mental models for the negation of conjunctions and disjunctions. Europe’s
Journal of Psychology, 10, 135-149. doi:10.5964/ejop.v10i1.696
Macbeth, G., Razumiejczyk, E., Crivello, M. d. C., Fioramonti, M.,
& Pereyra Girardi, C. I. (2013). The shallow processing of logical negation. Psychology and Behavioral Sciences, 2, 196-201.
doi:10.11648/j.pbs.20130205.15
Macbeth, G., Razumiejczyk, E., Crivello, M. d. C., Fioramonti, M.,
& Pereyra Girardi, C. I. (2015). Prior affirmation facilitates the
processing of compound negation. International Journal of
Psychology and Behavioral Sciences, 5, 205-215.
Markovits, H. (2014). Development and necessary norms of reasoning. Frontiers in Psychology, 5, Article 488. doi:10.3389/
fpsyg.2014.00488
Mendelson, E. (1997). Introduction to mathematical logic (4th ed.).
London, England: Chapman & Hall.
Orenes, I., Beltrán, D., & Santamaría, C. (2014). How negation
is understood: Evidence from the visual world paradigm.
Journal of Memory and Language, 74, 36-45. doi:10.1016/j.
jml.2014.04.001

8
Orenes, I., & Santamaría, C. (2014). Visual content of words delays
negation. Acta Psychologica, 153, 107-112. doi:10.1016/j.
actpsy.2014.09.013
Peirce, J. W. (2009). Generating stimuli for neuroscience using
PsychoPy. Frontiers in Neuroinformatics, 2, Article 10.
doi:10.3389/neuro.11.010.2008
Rips, L. J. (1994). The psychology of proof. Cambridge, MA: MIT
Press.
Rips, L. J. (2011). Lines of thought: Central concepts in cognitive
psychology. New York, NY: Oxford University Press.
Schurz, G. (2014). Cognitive success: Instrumental justification of
normative systems of reasoning. Frontiers in Psychology, 5,
Article 625. doi:10.3389/fpsyg.2014.00625
Sigman, M., & Dehaene, S. (2005). Parsing a cognitive task: A
characterization of the mind’s bottleneck. PLoS Biology, 3(2),
e37. doi:10.1371/journal.pbio.0030037
Sperber, D., & Wilson, D. (1986). Relevance: Communication and
cognition. Oxford, UK: Basil Blackwell.
Sperber, D., & Wilson, D. (1987). Précis of relevance:
Communication and cognition. Behavioral and Brain Sciences,
10, 697-754. doi:10.1017/S0140525X00055345
Stupple, E. J. N., & Ball, L. J. (2014). The intersection between
descriptivism and meliorism in reasoning research: Further
proposals in support of “soft normativism.” Frontiers in
Psychology, 5, Article 1269. doi:10.3389/fpsyg.2014.01269
Suppes, P., & Hill, S. (1992). First course in mathematical logic.
Mineola, NY: Dover Publications.

SAGE Open
Wason, P. C., & Johnson-Laird, P. N. (1972). Psychology of reasoning: Structure and content. Cambridge, MA: Harvard
University Press.
Wilson, D., & Sperber, D. (1994). Outline of relevance theory.
Links & Letters, 1, 85-106.

Author Biographies
Guillermo Eduardo Macbeth is a research scientist at the
National Scientific and Technical Research Council, Argentina
(CONICET). He leads a research group at Universidad Nacional
de Entre Rios (Argentina) focused on mental models. His research
topics are concerned with representation and inference in human
thinking.
María del Carmen Crivello is a doctoral student at the National
Scientific and Technical Research Council, Argentina (CONICET).
Her thesis is concerned with individual differences in deductive
reasoning.
Mauro Bruno Fioramonti is a doctoral student at the National
Scientific and Technical Research Council, Argentina (CONICET).
His thesis is concerned with the cognitive processing of scalar
implicature.
Eugenia Razumiejczyk is a research scientist at the National
Scientific and Technical Research Council, Argentina (CONICET).
Her research topics are concerned with crossmodal phenomena in
flavour perception.

