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Abstract

Objective: this study aims to describe the relationship
between personality and propositional reasoning
regarding compound negations by using, in particular, De
Morgan'slaws. M ethod: to evaluate personality traits, we
used the Adjective Checklist for Personality Assessment,
an instrument based on the Big Five theory and devel oped
for the Argentine context. To assess reasoning, we used
atask implemented in previous studies, according to which
subjects had to find the logical equivalent of a compound
negation. Four response options were offered: one was
correct and the other three were linked to specific biases.
Both the research study and the paradigm were devel oped
on the basis of the Mental Models Theory of Negation.
The study had a correlational design and included 150
university students. Results. we found that factors such
as neuroticism, extraversion, and agreeableness were
linked to specific response patterns. Difficulty and context
were considered mediators of the process. Discussion: the
evidence was compatible with the Mental Models Theory
but inconsistent with theories based on formal rules.
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Resumen

Objetivo: el propésito de este estudio es describir la
relacion entre personalidad y razonamiento proposicional
sobre negaciones compuestas, de forma particular aplicado
a las leyes De Morgan. M étodo: para evaluar los rasgos
de personalidad se utilizé el Listado de Adjetivos para
Evaluar Personalidad, un instrumento basado en la Teoria
de los Cinco Factores desarrollado para el medio
Argentino. En el caso del razonamiento, se aplico unatarea
utilizada en estudios previos, en la cual el sujeto debia
encontrar el equivalente l6gico de una negacion
compuesta. Se ofrecieron cuatro opciones de respuesta,
una correcta y tres ligadas a sesgos especificos. Tanto la
investigacion como el paradigma, fueron disefiados desde
la Teoria de Modelos Mentales propuesta para la
negacion. El estudio fue de tipo correlacional, y
participaron del mismo 150 estudiantes universitarios.
Resultados: se encontré que los factores de Neuraticismo,
Extraversion y Amabilidad estaban ligados a patrones de
respuestas especificos. La dificultad y € contexto fueron
considerados mediadores del proceso. Discusion: la
evidencia resultd compatible con la Teoria de Modelos
Mentales pero inconsistente respecto de las teorias
basadas en reglas formales.

Palabras clave: modelos mentales; negacion compuesta;
sesgos de razonamiento; factores de personalidad.
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Introduction

One of the features most evoked when theorizing
about humans is the ability to think. Although this
quality was recognized by prominent philosophers
(Aristotle, 1984), there are intense debates when it
comes to explaining how it works. When people start
to analyze this field, they have to deal with aredlity
both ubiquitous and controversial: an overwhelming
amount of empirical evidence questions the very
rationality of human thought, which would no longer
seem to be the product of a logical and organized
process but the result of a varying number of
interacting elements (Airenti, 2019).

A paradigmatic example of thisissue can be found
when studying the processing of negation. This
phenomenon, easily explained by mathematical logic
(Macheth, Crivello, Fioramonti, Razumigjczyk, 2017a),
nevertheless presents some difficulties when
processed by the human mind. Some approaches tried
to account for this complexity and proposed the
intervention of pragmatic (Horn, 1989; Horn & Ward,
2005; Orenes, Moxey, Scheepers, & Santamaria,
2016), contextua (Sperber & Wilson, 1986; Wilson
& Sperber, 1994) and conversationa (Bott & Noveck,
2004; Grice, 1989) factors. Despite these efforts, it
was not however until the proposal of Khemlani,
Orenes, and Johnson-Laird (2012, 2014) that a
complete Theory of Negation was presented. To
develop this theory, the authors extended the findings
formulated in the Mental Models Theory - MMT
(Johnson-Laird, 1983, 2006, 2010a, 2010b; Johnson
Laird & Byrne, 1991; Johnson-Laird, Goodwin, &
Khemlani, 2018; Johnson-Laird & Ragni, 2019). The
latter was born in opposition to traditional theorieslike
the Psychology of Proof - PSICOP (Rips, 1994, 2011)
or the Mental Logic Theory (Braine & O'Brien,
1998), which consider reasoning to be a set of innate
logical rules (Elgayam & Over, 2016).

While logicist theories emphasize the formal and
syntactic aspects of thought, the MMT focuses on
the semantic and contextual components (Khemlani,
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2018; Macbeth, Razumigjczyk, Crivello, Fioramonti,
& Pereyra-Girardi, 2013). The general hypothesisis
that people reason by developing mental models of
theworld (Khemlani, Byrne, & Johnson-Laird, 2018;
Johnson-Laird & Ragni, 2019). These models are
defined as iconic representations of the world
(Johnson-Laird, 2006). Their elaboration depends on
the interaction between peopl€e's knowledge and the
information received from outside (Johnson-Laird,
2010b, Johnson-Laird, Khemlani, & Goodwin, 2015;
Khemlani & Johnson-Laird, 2017). In thisway, when
individuals understand the world, what they do isto
mentally represent a different set of possibilities,
compatible with the information obtained (Johnson-
Laird, 1983). Another fundamental characteristic of
the MMT isthat the difficulty to process information
is regulated by the number of mental models
necessary for its representation. Thus, the greater the
number of models required, the greater the difficulty
(Johnson-Laird, 1983). Additionally, it postul ates that
people naturally tend to avoid overloading their
working memory (Johnson-Laird, 1983, 2006, 2010&;
Khemlani, 2018). Based on these assumptions, the
MMT predicts some behaviors that take place when
people reason. For example, when reasoning about
compound propositions, that is, a proposition made up
of two atomic sentences joined by a connector (and,
or, if... then... among others), the MMT predicts
differential behaviors according to the connector
involved (Johnson-Laird, 2010b; Khemlani et al.,
2014). We will take up these questions later.

Along with reasoning, another phenomenon that
received great attention within the field of psychology
isthat of personality. Saying that personality has an
influence on the way we think is not a surprising
statement, but to postulate that it is possible to predict
concrete ways of reasoning depending on personality
isso indeed. In this sense, in a study aimed to assess
the effect of personality on human reasoning,
defenders of the MMT proposed the general
hypothesisthat individud personality styles could have
inferential consequences in reasoning (Fumero,
Santamaria, Johnson-Laird, 2010). According to these
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authors, since reasoning is a semantically driven
process based on the generation of possibilities, the
fact that considering one or another possibility may
be influenced by personality characteristicsis entirely
plausible (Fumero et a, 2010). In this study, partial
evidence confirmed the stated hypothesis. Although
other research studies have been carried out along
the same lines (Castro Solano & Casullo, 2001;
Restrepo, 2015) and other related ones, like the study
of individua differenceslinked to thinking dispositions
and cognitive styles (Stanovich, 2012; Sternberg,
Grigorenko, & Zhang, 2008), there has been no
studies on the effect of personality on reasoning,
particularly with compound negation. In this way, the
relationship between both aspects, reasoning with
compound negation and personality, acquires a
central importance here.

The Theory of Negation

Negation is a fundamental element of natural
language (Horn, 1989). It appears in al human
languages, although it does not have the same
grammar structure in all of them (Khemlani et al.,
2012). Its importance is evidenced by the attention
received from various disciplines, especially in the
study of propositional reasoning (Macbeth et al.,
2013; Macbeth, Razumigjczyk, Crivello, Fioramonti,
& Pereyra-Girardi, 2015; Orenes et al., 2016).

According to Khemlani et a. (2012), while the
goal of aLinguistic Theory of Negation isto explain
its syntactic, semantic and pragmatic elements, the
purpose of a Psychological Theory isto explain how
such grammar, meaning, and knowledge are
understood by people and how people represent them
mentally. And here lies the central goal of the
proposal: to decipher the meaning, representation, and
use granted by people to negation (Khemlani et al.,
2012, 2014; Macbeth et al., 2013, 2017a). Out of all
these elements, meaning is the one which acquires
fundamental value, due to its effect on negation
(Khemlani et al., 2012, 2014). Thus, given any
proposition, the MMT postul ates that individuals use
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the meaning to represent it mentally. This meaning
is a product of their knowledge of the world, and of
the contextual factors that intervene in the moment
(Johnson-Laird, 1983, 2006; Johnson-Laird et a.,
2015, 2018). The representation is produced using
mental models (Johnson-Laird, 1983; 2006; Johnson-
Laird et d., 2015, 2018), the scale of which will be
linked to the scope of the subject’s interpretation of
the proposition (Khemlani et a., 2012).

In this way, the Theory of Negation works with
the assumptions of the MMT and defines it as a
function that takes the set of mental models as a
single argument, and produces the complement for
that set as a result (Khemlani et al., 2012, 2014,
Macbeth et al., 2013; 2014b, 2017a). In this sense,
the meaning of negation coincides with that proposed
by logic (Khemlani et al., 2012). For both, the
relationship between an affirmation and its negation
is of mutual contradiction, and the possibilities
between both are complete and exhaustive
(Khemlani et a., 2012, 2014). Since inferences are
based on mental models, the MMT also considers that
peoplewill only succeed in their reasoning if they start
from properly represented premises (Khemlani et &,
2012). In thisway, the number of mental models takes
on a crucial role. According to the model, as the
number of possibilities that subjects must represent
increases, so does the overload in their working
memory (Khemlani, 2018; Khemlani et al., 2012,
2014, 2017, 2018). Consequently, the task becomes
more difficult, while both time to resolution and
tendency to error increase (Khemlani, 2018;
Khemlani et a., 2012, 2014, 2017, 2018).

Starting from these assumptions, five main
predictions derive from the Theory of Negation
(Khemlani et al., 2012); however, we will only focus
on three of them in this research. One of these
predictions (prediction 1 of the Theory of Negation)
is related to the scope of the subject’s interpretation
of a proposition. According to the theory, given the
negation of a compound proposition, that is, a
proposition made up of two atomic sentences joined
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by a connector (and, or, if... then...), the individual
tends to represent the negation by considering only
one of the atomic propositions, and not the proposition
composed in its entirety (Khemlani et a., 2012;
Macbeth et al., 2013). Thisform of representation is
called small scope and corresponds to a processing
bias that people use whenever they have the
opportunity (Khemlani et d., 2012). Thisinterpretation
also implies the representation of a smaller number
of mental models (hence the name of the bias), and
consequently a lower overload in working memory
(Khemlani et a., 2012; Macbeth et al., 2013).

A second prediction (prediction 3 of the Theory
of Negation) establishes that the interpretation of a
compound proposition is also modulated by the
meaning, knowledge, and reference people assign to
the connectives involved. This is fundamentally
determined by the use people give them in everyday
language (Khemlani et al., 2012). According to this
prediction, this modulation can interfere, or even
block, the correct interpretation of a proposition,
especially in the case of individuals who do not have
training in logic (Khemlani et d., 2012).

Finally, a third prediction (prediction 5 of the
Theory of Negation) establishes that propositions that
require the representation of a single mental model
are easier to interpret than those that require more
mental models. The interesting thing about this
prediction is that it also postulates that difficulty is
reversed in the case of a negation (Khemlani et al.,
2012). This characteristic arises as an effect of the
complementarity condition described above. Thus, the
complement of a single mental model requires the
representation of several mental models, while the
complement of a set of mental models requires only
one or two (Khemlani et a., 2012).

This last prediction is clearly expressed in De
Morgan’s laws. As these laws formally establish, the
negation of aconjunction is equivaent to an inclusive
digunction (Law 1), while the negation of an inclusive
digunction is equivaent to aconjunction (Law 2) (De
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Morgan, 1847; Suppes & Hill, 1992). Since the
representation of a conjunction requires a single
mental model, and the representation of an inclusive
disunction involves three mental models, the theory
predicts greater difficulty in processing Law 1 than
Law 2 (Macbeth et al., 2014b; 20174).

In this way, the purpose of this study isto anayze
the propositional reasoning of both lawsin relation to
the natural language of people. In particular, it aims
to test the aforementioned predictions. It should be
borne in mind, however, that such predictions will only
make sense in a theory that considers the
representation of mental models as a general
mechanism of reasoning. This hardly happensin the
case of theories based on logicist assumptions
(Khemlani et al., 2012).

Per sonality

The theories of personality have changed greatly
and have accompanied the development of
psychology since its inception. As from the 1970s, a
proposal seems to gain momentum with each passing
day: the Theory of Personality founded on the Five
Factor Moddl - FFM (McCrae & Costa, 1987; 1999,
2004; Costa, McCrag, & Lockenhoff, 2019; McCrae
& Méttus, 2019). This model proposes a
pentafactorial structure of personality, according to
which variations in behavior and overt acts are
explained around five big personality traits: the Big
Five (Sdnchez & Ledesma, 2007). These factors are
called neuroticism, extraversion, openness,
agreeableness, and conscientiousness (McCrae &
Costa, 2004; McCrae & Mdttus, 2019).

An important aspect of the proposal is that these
dimensions are not the result of the free inventiveness
of researchers but of numerous empirical studies
(McCrae & M®attus, 2019; Sanchez & Ledesma,
2007). Concurrently, several studies support the
existence of these five factors, in which genetic
predisposition plays a fundamental role (Costa &
McCrae, 1999; Lagg et al., 2019; van der Linden,
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2019). Such structure has been proved independent
of language, religion, and culture (Allik & McCrae,
2002; Lagjg et al., 2019; McCrae & Terraciano,
2005; van der Linden, 2019). According to these
authors, the fact that these regularities are manifested
in diverse cultures and contexts suggests the
presence of basic characteristics in humans. This
conception, however, does not seek to deny the role
of the environment. On the contrary, it provides the
final conditions for people's development (Sanchez &
Ledesma, 2007).

The FFM offers a general description of the
factors and attributes second-order factors called
facets to each of them (Sanchez & Ledesma, 2007).
Using these descriptors as a reference, it is possible
to outline the distinctive characteristics of people
according to their preponderant factor. Thus, an
individual who scores high in agreeableness can
probably be described as generous, considerate,
supportive, altruistic, and conciliatory (Ledesma,
Sanchez, & Diaz-Lazaro, 2011). The agreeableness
factor can be understood as atruistic because it is
concerned with the benefit of othersin situations that
might result in total loss of benefits for everyone. A
person whose central feature is neuroticism will
probably be anxious, unsteady, undecided, might
worry a lot, and be prone to rumination (Introzzi,
Andrés, Canet-Jduric, Stelzer, & Richard’s, 2016;
Pereira et a., 2012). An individual characterized by
extraversion is surely sociable, talkative,
spontaneous, full of energy, and excitement seeking;
on the other hand, if openness predominates, the
person will be imaginative, adventurous, creative,
original, and non-conservative (Ledesmaet al., 2011).
Finally, a subject with the conscientiousness trait is
probably persistent, organized, cautious, tidy, and
productive (Ledesmaet al., 2011).

Another distinctive aspect of the FFM is the
emphasis placed on evaluation (Sanchez & Ledesma,
2007). Several instruments have been developed
around the Big Five theory. In genera, these are self-
administered instruments composed of adjectives or
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short phrases from which one seeks to infer basic
personality trends. One of the most successful
instruments is the NEO-FFI (McCrae & Costa,
2004). This questionnaire has proven to be very
useful, reliable, and valid in many contexts (McCrae
& Costa, 2004; McCrae & Mdattus, 2019). Another
instrument of interest here isthe Adjective Checklist
for Personality Assessment (AEP), developed by
Ledesma and collaborators for the Argentine
population (Ledesma et al., 2011; Sanchez &
Ledesma, 2013). The AEP replicated, at the local
level, the findings of the FFM worldwide, proving to
be of great regional value (Ledesma et al., 2011,
Sanchez & Ledesma, 2013).

If we understand the concept of trait as a
relatively stable predisposition to react to the
environment (Allport, 1974), it is not strange to think
that traits can influence the way we reason. Along
thisline, Fumero et a. (2010) argue that if reasoning
is a semantically driven process according to which
we imagine possible worlds, then the ability to
consider one or another possibility can be linked to
characteristics of our personality. Under these
assumptions, the authors postulate that those
individuals who score high in a certain personality trait
perform better in tasks in which the contents are
linked to that trait. For example, extrovert individuals
would reason better in socid situations, while those
who tend to be neurotic perform better in anxiogenic
situations (Fumero et al., 2010). The generd ideais
that our personality hasinferential consegquences. This
hypothesis has been partialy confirmed by empirical
evidence (Fumero et al., 2010). Sternberg et al.
(2008), for example, were interested in studying the
relationship between personality and school
performance from the perspective of cognitive styles.
On the other hand, Castro-Solano and Casullo (2001)
have warned that intellectual factors alone are poor
predictors of academic performance, while pointing
out that certain personality dimensions enable to
distinguish between profiles of high and low school
performance. More recently, other studies (Brandt,
Lechner, Tetzner, & Rammstedt, 2019; Stgjkovic,
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Bandura, Locke, Lee, & Sergent, 2018) have also
been interested in the influence of personality traits
and cognitive ability on academic performance. Finally,
Macbeth, Razumigjczyk and Campitelli (2011) and
Macbeth, Razumigjczyk, & and Crivelo (2014a) have
presented evidence in favor of introspection as an
intervening variablein logical reasoning.

The aim of this study was to describe the
relationship between personality and reasoning. Our
working hypothesis stated that neuroticism,
extraversion, and agreeableness generate specific
response patterns in compound reasoning tasks
concerned with negation. Literature on reasoning in
general and the MMT in particular confer great
importance to difficulty and context as intervening
factors in the reasoning process (Khemlani &
Johnson-Laird, 2016; Macheth et d., 2013; Markovits,
Brisson, & Chantal, 2016; Valifia, Martin, & Seoane,
2014). In this study, although none of these
phenomena are particularly considered in the
statistical analysis, we nevertheless assume their
existence as mediating factors of the process.

This paper continues asfollows. First, weintroduce
our experimentd paradigm to evduate reasoning. Then,
we present five experimental hypotheses derived from
the working hypothesisincluded in the Method section.
Afterwards, we continue with replication detailsrelated
to participants, design, materials, and procedure. The
statistical results are discussed in the context of
previous evidence. Finaly, the General Discussion
section covers the scope and limitations of the
contribution of this study in the context of the current
state of the art.

Paradigm

When evaluating reasoning, two variables are of
particular interest: response time and response type.
In this study, we have focused on response type.
Thus, we chose an experimental paradigm that was
specifically designed to evaluate propositional
reasoning regarding compound negations. It is a
selection test used in previous studies (Macbeth et
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a., 2015; 2017a), in which subjects are asked to
select a response option that they consider
appropriate. Given that the paradigm was also based
on the MMT, it presupposes a close relationship
between each specific response and specific mental
models |eading to such selection.

The task begins with a statement that describes
an everyday situation. The statement is formulated
in colloquial language but made in such away that it
contains one of De Morgan's laws in its internal
structure. In other words, the statement that
represents Law 1 contains an internal structure of no
type (p & q) (see Figure 1), while the statement of
Law 2 is of no type (p or q) (see Figure 2), where
the letters p and g symbolize atomic propositions. The
ingtruction involves choosing from a set of options the
one that best represents the situation described. In
terms of reasoning, subjects have to find the logical
equivalent of the proposition. Two statements are
considered to be logically equivalent when they
express the same idea (Macbeth et a., 2017a).

The answer options are four: one corresponding to
the normative response, and three corresponding to
additional erroneous statements. The normative
responseis the one that capturesthe logical equivaent
for each of De Morgan’s laws (De Morgan, 1847) in
itsinternal structure. In the case of Law 1, the correct
answer is of no p or no g, nor any type (see Figure
1, option &), while in the case of Law 2 it is of no p
& no g type (see Figure 2, option d). As regards the
number of mental models required in each casg, it is
clear that the task related to Law 1 is more difficult
than the one related to Law 2, since the resolution of
the first one requires the representation of three menta
models, while for the second, only one is necessary
(Macbeth et a., 2014b; 20178a).

Regarding the other options, although they are
erroneous, they do not lack theoretical relevance. On
the contrary, each has different logical and
psychological implications, as aresult of differential
processing. These responses were called
transformation bias, scope bias and matching-
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LAURAWENT TO THE BAKERY TO BUY ACHOCOLATE CAKEANDA LEMON CAKE.WHEN
SHEASKEDABOUT THE PRICES SHE REALIZED THAT SHE DIDN'T HAVE ENOUGH MONEY

TO DO THE TRANSACTION.

Which of the following options best represents Laurd's situation?

buy any of them. *

these options but not both.

.

a) She does not buy the chocolate cake, or she does not buy the lemon cake, or she decides not to

b) She does not buy the chocolate cake and she does not buy the lemon cake.

¢) She does not buy the chocolate cake, or she does not buy the lemon cake; she chooses one of

d) She does not buy the chocolate cake, so she does not buy the lemon cake.

J

Figure 1. Sample of the task for the negation of a conjunction (Law 1).Note: The asterisk * signalsthe
correct answer according to De Morgan's Law 1.

~N
JULIA RECEIVED A MEDICAL PRESCRIPTION TO DO A SPORT. THE DOCTOR TOLD HER
SHE COULD PLAY TENNIS, OR SHE COULD PLAY GOLF, OR SHE COULD DO BOTH.
NEVERTHELESS JULIAISNOT INTERESTED IN DOING WHAT WASPRESCRIBED.

Which of the following options best corresponds better with what Juliawill do?

but not both.

of them.

.

a) If she does not play tennis, then she does not play golf.

b) She decides not to play tennis, or she decides not to play golf; she chooses one of these options
¢) She decides not to play tennis, or she decides not to play golf, or she decides not to play either

d) She decides neither to play tennis nor to play golf. *

J

Figure 2. Sample of the task for the negation of a disjunction (Law 2).Note: The asterisk * signalsthe
correct answer according to De Morgan's Law 1.

bias-like, according to the type of bias they referred
to. Thus, the transformation bias describes the mental
transformation operation performed by people as a
result of an erroneous inferential effort. According
to the laws established by logic, it isvalid to consider
the proposition «no p or no g» as the equivalent of
the conditional «if p, then not g» (Suppes & Hill,
1992). In this task, however, a different conditional
was included (of «if not p, then not g» type), which
islogicaly invalid (see Figure 1, option d; Figure 2,
option a). Considering the logical aspect, it is likely
that those who chose this response option made an
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inferential processing effort intended to represent the
fully explicit mental models. Despite the effort made,
however, the difficulty of the task was such that they
could not complete it successfully, and thisled to a
wrong transformation (Macbeth et a., 20173).

Another option offered was the so-called scope
bias, associated with the processing bias proposed
by Khemlani et a. (2012). This deviation is observed
in the case of compound negation, according to which
individuals tend to limit their interpretation to only one
of the atomic propositions (small scope) and not to
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the compound proposition in its entirety (large scope)
(Khemlani et al., 2012; Macbeth et al., 2013). To
illustrate it better, let’'s check the example in Figure
1, where Laura realizes that she does not have
enough money to buy a chocolate cake and a
lemon cake, as intended. Finding the appropriate
logical equivalent in this task requires to be able to
deny both atomic propositions jointly: Laura does not
buy the chocolate cake, or she does not buy the lemon
cake, or she does not buy any of the two (inclusive
disunction: Figure 1, option a; Figure 2, option c).
Despite this, most individuals tend to choose the option
in which the propositions are denied but only
separately; that is, Laura does not buy the chocolate
cake, or does not buy the lemon cake; she chooses
one but not both (exclusive disjunction: Figure 1,
option c¢; Figure 2, option b).

From a logica point of view, the scope bias can
be interpreted as an attempt by people to reduce the
overload in their working memory and consequently
the processing effort (Macheth et d., 2017a). From a
psychological perspective, however, the implications
are different. If the contextual nature of the statement
is remembered, it is possible that this bias was
mediated by a second phenomenon called loss
aversion (Tversky & Kahneman, 1991). This refers
to a behavioral tendency according to which, when
having to choose, the person would show greater
propensity to reduce losses rather than to increase
profits (Tversky & Kahneman, 1991). This
phenomenon, originally studied in economic contexts,
is nonethel ess applicable whenever the person weighs
losses and gains. In the case of our task, the bias is
observed when the individua chooses the option that
keeps some type of benefit for the agents involved.
In the previous example, subjects cannot consider the
ideaof buying no cake at al when they intended to
buy both, which explains the trend to choose the option
that preserves some gain (buy at least one cake).

Finally, the third erroneous option is called
matching-bias-like and is linked to superficial
processing: in this case, the person chooses the answer
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option that contains the same propositional connector
(see Figure 1, option b; Figure 2, option c). This
processing, in which the statement and response option
are matched according to their appearance, was
proposed by Evans in the context of the Wason
Selection Task (Evans, 1998). It was a so detected in
recent sudies with similar tasks (Macbeth et d., 2013;
2017a). Accumulated evidence suggests that it is an
economic process in inferential terms, since it seeks
to minimize the overload in the working memory.

As noted, the used paradigm has certain
characterigtics that make it an optimal instrument for
the study of propositiona reasoning. Firdt, the neutrdity
and simplicity of the format greatly facilitate the
comparison between theories (Macheth et a., 2017a).
Secondly, the use of a selection task makesit possible
both to control the offered answers and to manage the
level of difficulty more easily (Macbeth et a., 2014b).

M ethod

Participants

A non-probabilistic sample of 150 students from
the National University of Entre Rios, a public
university located in the city of Parana, Argentina,
was used in this study. All the participants were socia
sciences students with no formal training in
mathematics or logic. No formal training in logic was
the only exclusion criterion. Thisitem was not directly
asked to the participants, but was corroborated by the
researchersin the Social Sciences program curricula.
The mean age was 24.48 years old (SD = 6.64).
Female participants (n = 77) accounted for 51.33%
of the sample. All the participants signed an Informed
Consent form. No monetary or academic rewards
were given.

Materials and Procedure

Each participant received a booklet with two
tasks: one aimed to evaluate compound reasoning
with negation, and the other one aimed to evaluate
the personality. The tasks were assigned using paper
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and pencil at the beginning of a regular class at the
university. Each student had to completeit individually,
without any time limit. Before starting to work, we
explained the students that the instructions were given
at the beginning of each task. We also indicated them
that the study was not harmful or tricky, and that
everyone could withdraw from the study at any
moment. To eval uate reasoning, we used a sentence-
equivalence task implemented in previous studies
(Macbeth et al., 2014b, 2015, 2017a), in which the
psychometric results that support the task and other
similar ones can be found (For more details, see
Campitelli, Macbeth, Ospina, & Marmolejo-Ramos,
2016; Khemlani € al., 2014). Participants were asked
to find a logical equivaence for a given compound
negation. Thetask consisted of atotal of 8 exercises:
four evaluated reasoning with negation of a
conjunction (De Morgan's Law 1) and four evaluated
reasoning with negation of adigunction (De Morgan's
Law 2). We randomized the sequence of items and
the sequence of options within each item for all the
subjects. Four response options were given, that is,
the normative response and three non-normative
response options. scope bias, transformation bias,
and matching-bias-like response. As we explained
before, the first one matched De Morgan's laws.
The others were devel oped according to the number
of mental models required to processthem i.e, inline
with the Mental Models Theory (Macbeth et al.,
2014b).

To evaluate personality factors, we used the
Adjective Checklist, an instrument developed in
Argentina based on the Big Five theory (Ledesma
et al., 2011). The list consists of 67 adjectives
covering the five personality factors. The authors of
this checklist presented evidence that supports the
good psychometric properties of the instrument
(Ledesma et al., 2011; Sanchez & Ledesma, 2013).
Factor analysis results were consistent with the Five-
Factor Model. The internal consistency of the five
scales was very good (Cronbach’s & ranging from
.74 t0 .85) and the convergent correlations with the
Big Five Inventory were substantial (with Pearson’s
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correlation levels ranging from .60 to .78). Face
validity, as evaluated by two independent raters, was
good. Moreover, the instrument showed a convergent
validation with an Argentine version of the Big Five
Inventory [BFI], adapted by Castro-Solano (2002),
and Castro Solano and Casullo (2001) (For more
details, see Ledesma et al., 2011; Sanchez &
Ledesma, 2013). The inventory is structured as a
Likert scale with five response options. from not
characteristic of me to very characteristic of me.
Participants were instructed to choose a single option
for each adjective.

The completion of the experiment lasted roughly
20 minutes.

Design and Analyses

A correlational cross-sectional study was
conducted to test five empirical hypothesesthat relate
personality factors to response types in a compound
reasoning task. We correlated five personality factors
(neuroticism, extraversion, agreeableness,
openness, conscientiousness) with four response
types (normative response, transformation bias,
scope hias, matching-bias-like response) for both
De Morgan's laws (negation of a conjunction,
negation of adigunction). We developed a correlation
matrix of 13x13 cells, that is, five (persondity factors)
plus eight reasoning conditions (four response types
x two laws of logic). Since we are interested in
correlates rather than manipulations, we used the
13x13 matrix instead of a 5x4x2 matrix (personality
factors x response types x laws of logic) required for
a factorial experiment focused on the effects of
controlled manipulations, and the ANOVA family of
statistics to produce evidence. To perform
correlational analyses, we used the non-parametric
Spearman’s rho and the set type | error at 0.05. The
choice to apply robust statistics was because
reasoning vectors were incompatible with the
assumption of normality according to Kolmogorov-
Smirnov test. In the case of both laws, all types of
responses yield p values close to zero as per the
aforementioned test.
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Empirical Hypotheses

We derived five empirical hypotheses from our
working hypothesis. That is, we conjectured that some
specific cognitive patterns can be correlated with
certain personality factors during reasoning with
compound negations. We focused on neuroticism,
extraversion, and agreeableness. Since the reasoning
task we selected requires abstraction (Macbeth et a.,
2014b), we did not focus on openness to experience
or conscientiousness because both are concrete
experiences related rather than abstract thinking
related. Moreover, due to the materials and procedure
of our reasoning task, we focused on three response
types. normative response, transformation bias, and
scope bias. We did not consider the matching-bias-
like response because it seems to be more alinguistic
effect rather than a specific psychologica phenomenon
(Macheth et al., 2014b). The empirica hypothesis H1
predicts a direct and significant correlation between
neuroticism and transformation bias for the negation
of a conjunction. H2 predicts a direct and significant
correlation between neuroticism and transformation
bias for the negation of a digunction. H3 predicts a
direct and significant correlation between
agreeableness and scope bias for the negation of a
conjunction. H4 predicts a direct and significant
correlation between extraversion and scope bias for
the negation of conjunction. H5 predictsan inverse and
significant correlation between extraversion and
normative response for the negation of a digunction.

The relationship between neuroticism and
transformation bias predicted in H1 and H2 can be
justified as a psychological effect of erroneous
overthinking. That is, the transformation bias
response type requires more mental computation than
other response types because it is formulated as a
conditional. This transformation is biased both for the
negation of conjunctionsin H1, and for the negation
of adigunctionin H2.

The scope bias response type is concerned with
gains and losses, which are sensitive traits for both
the extraversion and agreeableness personality
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factors. This kind of loss can be related to a lack of
sociability skills (Ariely, 2008). Therefore, H3 is
justified as an altruistic concern in asocial situation.
The scope bias response in our reasoning task
preserves some kind of gain because the total lossis
cancelled by the exclusive digunction. Following the
same line of reasoning the prediction stated in H4 is
concerned with the same social atruism criterion. In
this case, extraversion might be understood as the
source of such altruistic tendency.

On the other hand, the extraversion factor is aso
related to characteristics such as spontaneity and
impulsivity, while the normative response does it with
agreater capacity for reflection and attention. In this
way, the inverse and significant correlation established
in H5 between both variables can be judtified by their
opposite tendencies

Results

Hypotheses H1 to H5 were consistent with the
evidence. Concerning H1, participants who had higher
scores in neuroticism showed a greater tendency
(Spearman’s rho = .202; p = .013) to choose the
transformation bias response option in our compound
reasoning task for the specific case of negation of a
conjunction. Concerning H2, participants who had
higher scores in neuroticism aso showed a greater
tendency (rho = .169; p = .039) to choose the
transformation bias response option but, in this case,
for the negation of a disunction. Concerning H3,
participants who had higher scores in agreeableness
showed a significant tendency (rho = .200; p = .014)
to choose the scope bias response option for the
negation of a conjunction. Concerning H4, the response
option most frequently chosen (rho = .263; p = .001)
by participants who had higher scoresin extraversion
was the scope bias response for the negation of a
digunction. In the case of H5, participants who had
higher scores in extraversion exhibited a lower
tendency (rho = -.160; p = .05) to choose the
normative response option when reasoning with the
negation of adigunction.
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Discussion

The study results provide evidence in favor of the
hypothesis that relates personality traits to reasoning
patterns. In particular, it was observed that the
neuroticism, extraversion, and agreeableness
factors generate specific response patterns in
reasoning tasks with compound negation propositions.
Thus, it was found that the neuroticism factor
correlates directly and significantly with the
transformation bias response pattern, the
extraversion factor correlates directly and
significantly with the scope bias pattern, but inversely
with the normative response, and the agreeableness
factor correlates directly and significantly with the
scope bias response.

This study works with the notion proposed by the
MMT which states that thought is a semantically
driven process based on the elaboration of mental
models (Johnson-Laird, 1983; Johnson-Laird &
Byrne, 1991; Johnson-Laird et al, 2015, 2017, 2019).
Since the creation of these representationsis strongly
influenced by the knowledge of the world people
have, and by the significance that they attribute to
their interpretations (Johnson-Laird et al, 2015, 2017,
2019; Khemlaniet d., 2012), it states that personality
plays asignificant rolein the appearance of individual
differences in compound reasoning processes. These
differences would not only affect the capacity to
imagine and represent mental models; they would
also be partidly explained by persondlity traits.

Previous studies have presented evidence along
these lines. For example, Fumero et a. (2010) state
that personality traits affect reasoning, directly
influencing the quantity and quality of the represented
mental models. According to this assumption, people
reason better when they deal with materials related
to their predominant features; they produce more
representations and of greater relevance. Partial
evidence was found for this hypothesis, particularly
in relation to the neuroticism and extraversion traits.
Additionally, other researchers notice how reasoning
about real content influences the results of a task
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(Markovits, Thompson, & Brisson, 2015). Manktelow
(2012) talks about thematic facilitation or reasoning
biases, depending on whether the content coincides
or not with the one proposed in the logic. Also,
additional evidence was found in favor of the
influence of pragmatic knowledge in the
representation of propositions (Evans, Handley,
Neilens, & Over, 2008; Macbeth et al., 2015; Vaifa
et al., 2014). Finally, other researchers talk about
thinking styles, referring to these as psychological
characteritics conditioning the way a person learns,
perceives, or thinks (Stanovich, 2012; Sternberg et al .,
2008).

Although the aforementioned theories agree that
the explanation of individua differencesin deductive
reasoning exceeds a purely cognitive or intellectual
level, not al include the same nuances. This study
postulates the intervention of certain personality traits
in the mental representation of propositional
reasoning. That is, while some theories propose a
relationship at the content level, here we propose
mediation at a broader level. Personality would not
only influence propositional analysis but also the
quantity of represented mental models, the scope of
a statement interpretation, as well as the tendency
to incur a certain bias.

The presented evidence is compatible with the
findings of the Theory of Negation based on the
MMT. The use of propositional tasks linked to De
Morgan’s laws makes it possible to provide support
for some of their predictions. Namely, qualitative
variations in reasoning with compound negations
regulated by (1) the scope of the interpretation, (2)
the significance and subjective reference of the
connectives, and (3) the number of mental models
required by a proposition (Khemlani et., 2012).
Likewise, additional evidence that suggests the
intervention of some personality traits as conditioning
mechanisms of this processis offered. None of these
findings are consistent with the theories of formal
rules (Braine & O’Brien, 1998; Rips, 1994; 2011).
Unlike the MMT, these theories conceive reasoning
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as aset of rules similar to those of logic: syntacticin
nature, and independent of the content and context
of aproposition (Valifiaet a., 2014). Also, given that
these rules are considered universal, it is not possible
to expect variations in the type of processing, letting
alone differences related to personality.

One of the limitations of this study lies in the
absence of a chronometric report. Given that
latencies are important indicators of mental
representations and processing difficulty, the
measurement of time would have provided additional
support to the offered evidence. Similarly, a source
of complementary information would have been the
study of patterns of eye movement with the use of
eye-tracking technology (Macbeth, Razumigjczyk,
Crivello, & Fernandez, 2017b). Analyzing these
patterns during the devel opment of the task, especidly
the registration of fixationsin certain aress of interest,
would have made a valuable contribution in
understanding the phenomenon. Incorporating both
measurements in future studies is suggested.

Although the presented portion of the analysisis
limited (compared to the wide universe of reasoning
and personality), the results are overwhelming.
Different patterns of inferential reasoning were
detected when dealing with similar formal problems.
Some of these patterns were linked to personality
traits. However, we acknowledge the need for
further studies to replicate these findings.

Even though the questions around this process are
still numerous, it is clear that any model that starts
from alogical and linear conception is insufficient.
In this sense, we agree with Fumero et a. (2010) on
the need to increase the complexity of the approach
to study the phenomenon. If we really want to
achieve an approximation in the understanding of
reasoning, it is not possible to leave out of the
discussion factors such as knowledge, experience,
context, and individual differences (in their multiple
levels).
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