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ARTICLE INFO ABSTRACT

Keywords: In classical logic, it is possible to derive ‘either p or q’ from ‘p’ (where p and q are sentences with
Assessment any content). This is a cognitive problem, since people often tend not to make inferences of that
Inference kind. This paper analyzes the solution the theory of mental models gives for this problem. Based
Disjunction on that solution, the paper proposes to use tasks with inferences such as that mentioned in the
Mental models . . . . ) .
Semantics educational context. The idea is that those tasks can allow assessing certain learnings. In

particular, they can reveal in some cases whether students understand the relations between the
semantic contents assigned to p and q. This is because, following the theory of mental models,
whenever q implies p, the inference must be accepted.

1. Introduction

The development of people and society is important. That is the reason why societies made the decision to formalize the place
where we should form ourselves: school. From scientific progress in different fields, there are several teaching theories and methods.
Those theories and methods are based on strong evidence, and they try that students learn in the best way. In the complex teaching-
learning process, there is a relevant component that is not always acknowledged and valued: learning assessment. Nowadays, there is a
consensus about the fact that assessment can condition learning. It is important what is assessed and how the assessment is made. This
applies to both summative and formative assessment. The latter is focused on the support during the formative process, in which the
key is the particular feedback. The former addresses results of learning (see, e.g., Forster, 2023).

The aim of the present paper is to analyze, based on the theory of mental models, whether the disjunctive inferences can be suitable
to assess particular learnings. The paper will have four sections. The first one will account for logical connectives and the case of
disjunction (1.1.). The second section will explain why, from the logical point of view, it is correct to infer a sentence such as (2) below
from a sentence such as (1) below (1.2.). The third section will describe how the theory of mental models understands disjunction and
why its account can solve this disjunction problem (1.3.). Finally, the fourth section will propose the idea of using disjunctive in-
ferences of the kind considered as assessment instruments (1.4.).

1.1. Reasoning and logical connectives: the case of disjunction

Reasoning implies to make inferences from premises. It is usual to differentiate two kinds of reasoning: inductive and deductive.
Inductive inferences are probabilistic, while deductive inferences are necessary true conditions. This paper will deal with the latter
type. The basis to know whether a deductive argument is valid has been classical logic in several reasoning theories. Some procedures
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to decide whether an argument is correct have resorted to propositional logic. In this logic, the formal structures of the relations
between propositions (which can be true or false) are crucial. Propositions are linked by means of the logical connectives: ‘and’, ‘or’,
‘if...then’, and ‘if and only if’ (see, e.g., Espino, 2004).

Connective ‘and’ is called ‘conjunction’. It is false if one of the conjuncts is not true, or both conjuncts are not true. Connective ‘if...
then’ is named ‘conditional’. It is only false when the first clause, that is, the antecedent, is true, and at the same time, the second
clause, that is, the consequent, is false. ‘If and only if’ is the biconditional, which is false when one of the clauses, not both of them, is
false. Lastly, ‘or’, the connective that will be dealt with here, is known as disjunction. ‘Either...or..., or both of them’ is an inclusive
disjunction. It is false only when its two disjuncts are false. On the other hand, ‘Either...or..., but not both of them’ is an exclusive
disjunction. This change leads the disjunction to be also false when both disjuncts are the case (see also, e.g., Restall, 2006).

Disjunction is crucial for recognizing different options and, simultaneously, ruling them out. Despite the profound lack of
knowledge regarding the possible preverbal logical abilities of babies, recent studies have begun to focus on disjunctive reasoning
(Cesana-Arlotti & Kovacs, 2020). While there may not be complete certainty regarding the understanding of disjunction, especially
during childhood, it can be said that it begins to manifest at the age of 3 through speech, although exclusive comprehension of
disjunction fails by the age of 5 (Grigoroglou & Ganea, 2022). However, it is also suggested that disjunctive reasoning does not depend
solely on language experience, as it also arises in non-linguistic spatial tasks (Bohus, Cesana-Arlotti, Martin-Salguero & Bonatti, 2023).

But from the cognitive point of view, disjunction presents difficulties with older people. Logic allows building a disjunction from a
fact taking that fact as one of its disjuncts (see, e.g., Deano, 1999; Restall, 2006). For example, given (1),

(1) My pet is a dog
Classical logic enables to infer (2).
(2) Either my pet is a dog or my pet is a cat

This is a cognitive problem because people do not always make this type of inferences (e.g., Orenes & Johnson-Laird, 2012). The
solution seems to be obvious: people do not derive conclusions following logic, or, at least, following classical logic. This last option
was that of the theories such as the mental logic theory (e.g., Braine & O’Brien, 1998). Its proponents claimed that there was a logic in
the human mind. However, that logic was not classical logic. The real mental logic included many elements from classical logic, but
those logics were not identical. In fact, the mental logic did not allow the deduction of a sentence such as (2) from a sentence such as
).

Nevertheless, this might not solve the problem. That solution would be suitable if people never inferred sentences such as (2) from
sentences such as (1). Nonetheless, individuals sometimes make that kind of inferences (e.g., Orenes & Johnson-Laird, 2012).

The theory of mental models (e.g., Johnson-Laird, 2023, 2023; Khemlani, Byrne & Johnson-Laird, 2018) appears to be able to
explain this phenomenon. It can describe the two situations: when people make the mentioned inferences and when they do not.
However, the point of this paper is that the account of the theory of mental models is based on semantic criteria. According to the
theory, the reasons why individuals make or do not make the indicated inferences mainly depend on their knowledge of the meanings
of the disjuncts. So, this type of inferences can be an assessment instrument, since it can show to what extent people know definitions of
concepts.

1.2. The disjunction problem and cognitive science
Classical logic allows deducing (2) from (1). This is because it allows deducing (4) from (3).

3)p
(4) Either p or q

Where p and q are propositions with any thematic content.

The reason for this is not hard to understand. To be true, (4) only needs one of its disjuncts to be true. If p, which is one of the
disjuncts, is taken as a premise, that means that p is assumed to be true. Thus, if p is true, one of the disjuncts in (4) is true. Therefore,
(4) is also true.

As said, disjunctions can be either inclusive or exclusive (see, e.g., Espino, 2004; Khemlani, Orenes & Johnson-Laird, 2014). In the
first case, p and q in (4) can be true at once. If the disjunction is exclusive, this is not possible. An exclusive disjunction is, for instance,

5.
(5) Either I am in Paris or I am in Brussels

Paris and Brussels are two cities. Hence, I cannot be in them at the same time. However, this has no influence on the problem this
paper is addressing. The fact that [ am in Paris is enough for (5) to be true.

If the disjunct that is true is the second one, that is, in (5), that I am in Brussels, this also suffices for the truth of the entire
disjunction. No matter which the true disjunct is. Disjunctions only need one of them to be true. Thereby, if the premise is not (3) (i.e.,
p), but (6),
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It is possible to derive (4) (i.e., either p or q) from it too.
Something similar can be said regarding negations. If, for example, the premise is (7),

(7) Not-p

A conclusion such as (8) can be deduced.

(8) Either not-p or q

Likewise, for instance, (10) could be inferred from (9).

(9) Not-q
(10) Either p or not-q

The problem is that people do not usually make inferences such as those indicated above. One might think that this phenomenon is
a piece of evidence that the human mind has no direct link to classical logic. That was the assumption of the mental logic theory (e.g.,
Braine & O’Brien, 1998). As mentioned, this theory did not reject the idea that there is a logic in the human mind. Its proposal was that
human beings, when reasoning, follow many schemata from classical logic, but not all of them. One of the schemata that people do not
consider is the one allowing making derivations such as those in this section.

Nevertheless, this does not solve the disjunction problem. It is not the case that individuals never make this kind of inferences. The
case is that individuals make them few times. In some occasions, people make those inferences. Accordingly, a theory trying to explain
the phenomenon should describe when inferences such as those mentioned above are made and when those very inferences are not
made. The theory of mental models offers an account (e.g., Orenes & Johnson-Laird, 2012).

1.3. The disjunction problem and the theory of mental models

The theory of mental models understands connectives as conjunctions of possibilities (see also, e.g., Johnson-Laird, Quelhas &
Rasga, 2021; Johnson-Laird & Ragni, 2024; Khemlani, Hinterecker & Johnson-Laird, 2017; Lopez-Astorga, Ragni & Johnson-Laird,
2022; Rasga, Quelhas & Johnson-Laird, 2022). In the case of disjunction, this can seem counterintuitive. This is because disjunc-
tion and conjunction appear to be contrary. However, the theses of the theory of mental models resolve this apparent contradiction: if
an inclusive disjunction can be true in three cases (when the two disjuncts are the case, when the first disjunct is the case, and when the
second disjunct is the case), there are three possible situations in which, if inclusive, a disjunction such as (4) can be true. (11) presents
those situations (see also, e.g., Johnson-Laird & Ragni, 2019).

(11) Possible (p & q) & Possible (p & not-q) & Possible (not-p & q)

The three possibilities in (11) represent three mental models (see also, e.g., Byrne & Johnson-Laird, 2020). They are the three
mental models that individuals tend to think about when they find an inclusive disjunction. If the disjunction is exclusive, the pos-
sibilities or models are only two, since the first one in (11) disappears (see also, e.g., Quelhas, Rasga, & Johnson-Laird, 2019). In this
way, the models of (2) (i.e., either my pet is a dog or my pet is a cat) are those in (12).

(12) Possible (my pet is a dog & my pet is not a cat) & Possible (my pet is not a dog & my pet is a cat)

The interpretation that (12) stands for is that in which (2) is exclusive, that is, in which I only have one pet. If (2) were an inclusive
disjunction and I could have more than one pet, the models would be the following:

(13) Possible (my pet is a dog & my pet is a cat) & Possible (my pet is a dog & my pet is not a cat) & Possible (my pet is not a dog &
my pet is a cat)

A sentence such as (5) (i.e., either I am in Paris or I am in Brussels) only allows an exclusive interpretation. Its possibilities are as
follows:

(14) Possible (I am in Paris & I am not in Brussels) & Possible (I am not in Paris & I am in Brussels)

Thus, the models of (8) (i.e., either not-p or q) and (10) (i.e., either p or not-q) can be easily derived. If it is assumed that they are
inclusive disjunctions, those of (8) are those in (15).

(15) Possible (not-p & q) & Possible (not-p & not-q) & Possible (p & q)



M. Lépez-Astorga et al. Thinking Skills and Creativity 54 (2024) 101677
Those of (10) are indicated in (16).
(16) Possible (p & not-q) & Possible (p & q) & Possible (not-p & not-q)

There are more important points in the theory of mental models. For example, it is a dual-process theory such as those Evans (2008)
describes. This means that individuals only manage to identify all the possibilities that can correspond to a sentence if they endeavor
and think carefully (see also, e.g., Johnson-Laird, Khemlani & Goodwin, 2015). Nevertheless, the thesis of the theory that is more
relevant for the goals of the present paper is that of modulation (e.g., Quelhas & Johnson-Laird, 2017). According to this thesis, se-
mantics and pragmatics can have an influence on models (see also, e.g., Quelhas, Johnson-Laird & Juhos, 2010). For instance, unlike
the case in which (2) (i.e., either my pet is a dog or my pet is a cat) is inclusive, (17) only has two possibilities.

(17) Either this animal is a cat or this animal is a feline

This is an inclusive sentence, since the animal can be a cat and a feline at once. Nonetheless, it does not have three models, but only
those that (18) points out.

(18) Possible (this animal is a cat & this animal is a feline) & this animal is not a cat & this animal is a feline)

The missing model refers to an impossible situation: that in which this animal is a cat and not a feline. So, that possibility cannot be
taken into account (for more examples akin to this one, see, e.g., Orenes & Johnson-Laird, 2012).

Following the theory of mental models, modulation is the phenomenon that explains the disjunction problem: modulation allows
accounting for under what circumstances inferences such as that of (4) (i.e., either p or q) from (3) (i.e., p) are made and under what
circumstances those very inferences are not made. If the premise is (1) (i.e., my pet is a dog) and the conclusion is (2) (i.e., either my pet
is a dog or my pet is a cat), people will tend not to admit the inference. This is because, among the models of the conclusion, there is one
incompatible with the premise. Both if (2) is exclusive and if it is inclusive, it refers to a possibility in which my pet is not a dog. That is
what happens in both the second possibility in (12) and the third possibility in (13). In those cases, the scenario describes a situation in
which my pet is not a dog, but a cat. That is inadmissible if the premise (1) is true. So, individuals will tend to deem inferences with
these characteristics as incorrect.

But this cannot occur if the premise is (19)

(19) This animal is a feline

And the conclusion is (17). As (18) shows, (17) does not have any models inconsistent with (19). The animal is not a feline in no
model in (18). Therefore, people should accept the inference in this case.

The predictions of the theory of mental models for the disjunction problem are clear (see for this point especially Orenes &
Johnson-Laird, 2012) in several inferential schemata (see also, e.g., Johnson-Laird et al., 2021; Rasga et al., 2022). That has allowed
checking those predictions by means of empirical research. The experimental results obtained are also clear. Orenes and Johnson--
Laird’s (2012) study showed the results relevant for the present paper. In their study, Orenes and Johnson-Laird carried out different
experiments (with college students and random presentation) related to the action of modulation. Some of them addressed problems
akin to those described above in conditional inferences. But the study interesting here is the second one.

The second study by Orenes and Johnson-Laird (2012) included disjunctive inferences in which the content did not eliminate the
crucial possibility, and disjunctive inferences in which modulation removed that very possibility. The participants accepted more
inferences in which modulation prevented the possibility contradictory with the premise (in the latter case, the percentage of
acceptance was 79 %; when modulation had no action, the percentage was 29 %). This was one of the tasks of the study in which
modulation blocked the problematic possibility:

“Ana read a novel. Does it follow that Ana read Don Quixote or she read a novel?” (Orenes & Johnson-Laird, 2012, p. 375).
A task in which modulation did not have effect was:

“Eva read a newspaper. Does it follow that Eva read Don Quixote or she read a newspaper?” (Orenes & Johnson-Laird, 2012, p.
375).

In summary, people infer a conclusion such as (4) from a premise such as (3) only in the cases indicated by the theory of mental
models (see, e.g., Orenes & Johnson-Laird, 2012. The study and the experimental data described in the latter paper are so clear and
relevant that the proponents of the theory refer to them from their publication on; for example, the paper is cited in recent works such
as Johnson-Laird, Byrne & Khemlani, 2024). This can lead to propose an assessment instrument for concepts and definitions based on
the framework the theory of mental models gives for disjunction. The next section explores this idea.

1.4. Educational assessment and the disjunction problem

To talk about educational assessment is generally to refer to the monitoring of learning processes. That requires significant time and
resources, and it is a difficult challenge for teachers (Swiecki et al., 2022). For assessment to be effective, previous design of activities is
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essential. It is necessary to take care of the coherence to what will be assessed and the way to assess (Ibarra-Saiz, Rodriguez-Gomez &
Boud, 2020).

In addition, at least two more contextual elements need to be taken into account when speaking about educational assessment.
First, it is known that the new educational standards, the recommendation “No Child Left Behind”, and the changing context that
technology has created by means of the massive internet access and artificial intelligence pressure the educational system in different
levels. They put, inter alia, active learning and assessment focused on the student at risk (Gredler, 1999; Jackson & Davis, 2000).
Second, there are several diagnoses showing that teachers have a low development to assess in the classroom. Teachers do not have
suitable training to assess learning. Their assessment is not generally valid, as it does not correspond to the learning (see, e.g., Del.uca &
Bellara, 2013; De Luca, Willis, Cowie, Harrison & Coombs, 2023; Forster, 2023). This low level of knowledge about assessment not
only is revealed in their command (technical and practical) of assessment. Many times, they do not know how to address relevant
dimensions such as the socio-emotional one, which includes elements such as the anxiety/evaluation apprehension (Pastore &
Andrade, 2019).

Currently, education has new standards and must be focused on students and their learning. It is necessary to improve the strategies
to check how students make progress. This will allow making pedagogical decisions coherent to that progress, and it is one of the keys
to include formative assessment in the teaching process. As mentioned, teachers have little time, and their evaluation training is
limited. So, to have a tool easy to build (as to identify key concepts and include them in disjunctive tasks such as those described above)
which does not explicitly ask about a particular content (which in turn could decrease the anxiety the traditional assessment causes)
could support students’ learning process. This would be an assessment focused on the student, and not very demanding for the teacher.
It would enable to spend more time, for example, on an appropriate feedback. There is strong evidence regarding the need to give
timely feedbacks in the learning process (see, e.g., Zepeda, 2023).

For instance, it is customary to teach a disciplinary content in a few classes. Then, there is an assessment. Teachers often have
results next week. Thus, the time cycle is about three to four weeks. It is possible to check every class (e.g., with short questions about
the learned contents), but that means additional work for teachers to review the answers. If there were tests simple to build, it would
not be hard to check all the students and have results more promptly. All this would allow setting the next class and improve the
learning cycle.

Therefore, if the theory of mental models is assumed and the experimental results supporting its account of the disjunction problem
(e.g., in Orenes & Johnson-Laird, 2012) are considered, it is possible to build an assessment instrument based on the theses of the
theory. The predictions indicated in the previous section are only valid if individuals know the concepts of dog, cat, and feline. The
inference of (2) from (1) can only be rejected if it is known that a cat and a dog are different animals. To know that implies to know that
if an animal is a cat, that animal is not a dog. This knowledge is what makes (2) incoherent with (1): individuals know that one
possibility for (2) is that my pet is a cat and not a dog.

Nevertheless, the case of (17) and (19) is different. The knowledge that cats are felines is what makes the inference acceptable. If it
is known that it is impossible that an animal is a cat without being a feline, it is not possible to think about a model derived from (17)
incompatible with premise (19). Accordingly, an inference such as this one could be useful to check whether students know that cats
are felines or not. If they know it, they will admit the inference of (17) from (19). If they do not know it, they will not admit that very
inference.

Two more examples can illustrate this point. A frequent mistake is to think that tomato is a vegetable. It is actually a fruit. So,
teachers could work this point with students and try to check whether students have understood by means of an inference such as (20).

(20) I am going to eat fruit
Therefore, I am going to eat tomato or I am going to eat fruit

A possible question for students could be whether (20) is correct or not. If the response is affirmative, they know that tomato is a
fruit. If the answer is negative, they do not know that. This is because if students do not know that tomato is a fruit, they will attribute to
the conclusion in (20) the possibilities in (21).

(21) Possible (I am going to eat tomato & I am going to eat fruit) & Possible (I am going to eat tomato & I am not going to eat fruit) &
Possible (I am not going to eat tomato & I am going to eat fruit)

The second model in (21) would be inconsistent with the premise in (20). So, the inference would not be admitted.
Nonetheless, if students know that tomato is a fruit, the controversial possibility in (21) disappears. The set of models is trans-
formed into (22).

(22) Possible (I am going to eat tomato & I am going to eat fruit) & Possible (I am not going to eat tomato & I am going to eat fruit)

The second possibility in (21) is not now. Students know that it is not possible that something is a tomato and is not a fruit at once.
Therefore, no model is incoherent with the premise, and inference (20) should be accepted.

One more example can be linked to geography. Geography is a subject matter in which this kind of inferences can be relevant too.
The acceptance or rejection of an inference such as (23) will show whether or not students know that Diisseldorf is in Germany.

(23) I am in Germany
Therefore, either I am in Disseldorf or T am in Germany
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According to what has been indicated, if students do not know that Diisseldorf is in Germany, they will consider a model in which I
can be in that city without being in Germany. In particular, their models will be those in (24).

(24) Possible (I am in Diisseldorf & I am in Germany) & Possible (I am in Diisseldorf & I am not in Germany) & Possible (I am not in
Diisseldorf & I am in Germany)

Again, the second possibility in (24) is in contradiction with the premise in (23). So, the inference would be rejected.
But if students know that Diisseldorf is a German city, this will not happen. The possibilities they will take into account will be just
those pointed out in (25).

(25) Possible (I am in Diisseldorf & I am in Germany) & Possible (I am not in Diisseldorf & I am in Germany)

Conjunction of models (25) is not in conflict with the premise in (23). Therefore, the acceptance of (23) as a correct inference would
reveal that students have the required geographic knowledge in this case.

2. Discussion and conclusions

The disjunction problem is that, from the logical point of view, it is valid to derive from a fact a disjunction including that fact as one
of its disjuncts. However, this is something people do very rarely. The theory of mental models describes the situations in which they
make this type of inferences. Those situations are the circumstances in which the possibilities or models of the disjunction are not
incoherent with the fact the premise indicates.

The potential of this to create assessment instruments is huge. The inference related to (17) and (19), inference (20), and inference
(23) show that. The knowledge and the lack of knowledge of certain concepts or definitions can lead to different results. Thereby, the
proposal of the present paper refers to the use of inferences such as those analyzed above in assessment processes, whether the
assessment is formative or summative.

The advantages would be several. On the one hand, the instruments would not be tasks hard to do. The disjunction problem
addressed in this paper is often deemed as a ‘paradoxical inference’ (e.g., Orenes & Johnson-Laird, 2012), but it is not a paradox in the
technical sense. If the theory of mental models is right, the tasks to do would be easy for students and they would give relevant in-
formation for teachers. The reasons why students can offer a wrong response in a task can be different. The instruments proposed in this
paper can help detect what the exact reason of a mistake is. If instruments based on disjunction such as those described here are used
together with other instruments, they could show, for example, that the latter instruments have to be reviewed. Correct responses in
taks such as those indicated above and incorrect responses in other instruments evaluating the same concepts could be a signal that the
latter instruments need to be improved.

What has been explained throughout this paper seems to indicate that there are already tasks based on the disjunction problem to
check whether or not students have assimilated certain concepts. Teachers can verify whether students know the relation existing
between two words when the extension of one of them is a subset of the extension of the other one. Extension is the number of elements
a word refers to (e.g., Carnap, 1947). Accordingly, teachers only need to build inferences such as those addressed here. If the word with
greater extension is included in the premise, it is possible to note whether students understand the relation. Examples such as those
dealt with above (i.e., those of cat and feline, tomato and fruit, and Diisseldorf and Germany) support this idea.

Extension and subset relations are the key criteria. They allow creating assessment tasks in very different school subjects. This paper
is not intended to present practical impletations of that criteria. It only shows the general lines to build tasks to check whether or not
students know relations between concepts. There are examples in natural sciences (that of cat and feline, and that of tomato and fruit)
and geography (that of Diisseldorf and Germany) above. An example for mathematics could be an inference such as “this number is a
real number; therefore, either this number is a natural number or this number is a real number”. If the inference is accepted, that will
mean that the student knows that the real numbers include the natural numbers. If it is not accepted, that will mean that the student
does not know that. Regarding an example for linguistics, the inference could be “this is written in a Romance language; therefore,
either this is written in Portuguese or this is written in a Romance language”. In this case, the acceptation will indicate that the student
knows that Portuguese is a Romance language. The rejection will reveal that the student does not know that.

There are elements to continue to explore. One of them is the development of deductive reasoning. It is known that children make
logical inferences from a young age. However, the development of a key function such as working memory can differentiate the access
to correct conclusions. For example, the theory of mental models (Johnson-Laird & Byrne, 2002) predicts that young children can
represent one initial model (related to conjunction), and older children can represent a double initial model (related to the
biconditional).

One more point to take into account is the type of task. For instance, in evaluation tasks, the conclusion is presented from the
beginning. On the other hand, in building tasks, the children should look for the conclusion. So, this is an issue about which there is a
lot of work to do.

Besides, it has been suggested that, in the theory of mental models, disjunctive inferences can be different from inferences such as
those transitive. Transitive inferences can be linear but disjunctive inferences likely involve multiple mutually exclusive models
(Cesana-Arlotti & Kovacs, 2020).

Perhaps, the most important limitation of this paper is that it is a theoretical proposal to work within assessment processes. It is
necessary to check its real results in educational practice. Subsequent empirical studies might address this limitation. One more
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limitation can be that many teachers do not know the theories about deductive and inductive reasoning. The development of the
assessment instrument would be easy, but teachers should know the structure underlying logical reasoning. Accordingly, teachers
would need a brief training. This proposal will only move forward with further consideration of these two limitations.

This is not the first time the theory of mental models is proposed in education. There are papers related to social beliefs and the
conditional (e.g., Torres-Bravo & Gairin, 2019) and language learning (e.g., Lopez-Astorga, 2019) following the theory as well.
Likewise, the literature on the theory of mental models reveals that modulation can have an influence on more connectives, and not
only on disjunction (for the particular case of the conditional, see, e.g., Orenes & Johnson-Laird, 2012). This means that it is also
possible to think, from the theory of mental models, about other assessment instruments built from other connectives. Hence, in
addition to use disjunctions such as those indicated in this paper in evaluation processes, it seems that further exploration about what
the theory can offer to pedagogy is desirable.

Funding sources
This work did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.
CRediT authorship contribution statement

Miguel Lopez-Astorga: Writing — review & editing, Writing — original draft, Visualization, Validation, Supervision, Formal
analysis, Conceptualization. Leyla D. Torres-Bravo: Visualization, Validation, Formal analysis, Conceptualization. Cristian A. Rojas-
Barahona: Writing — review & editing, Writing — original draft, Visualization, Validation, Formal analysis, Conceptualization.

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Acknowledgments

PIA Cognitive Sciences, Center for Research in Cognitive Sciences, Faculty of Psychology and Institute of Humanistic Studies,
University of Talca.

Data availability

No data was used for the research described in the article.

References

Bohus, K. A., Cesana-Arlotti, N., Martin-Salguero, A., & Bonatti, L. L. (2023). The scope and role of deduction in infant cognition. Current Biology: CB, 33(18),
4014-4020. https://doi.org/10.1016/j.cub.2023.08.028. e5.

Braine, M. D. S., & O’Brien, D. P. (1998). The theory of mental-propositional logic: Description and illustration. In M. D. S. Braine, & D. P. O’Brien (Eds.), Mental Logic
(pp. 79-89). Mahwah, NJ: Lawrence Erlbaum Associates, Inc., Publishers.

Byrne, R. M. J., & Johnson-Laird, P. N. (2020). If and or: Real and counterfactual possibilities in their truth and probability. Journal of Experimental Psychology:
Learning, Memory, and Cognition, 46(4), 760-780. https://doi.org/10.1037/xIm0000756

Carnap, R. (1947). Meaning and necessity: A study in semantics and modal logic. Chicago, IL: The University of Chicago Press.

Cesana-Arlotti, N., Kovdcs, A.M., .& Téglas, E. (2020). Infants recruit logic to learn about the social world. Nature Communications, 11, 1-9, 5999. 10.1038/541467-
020-19734-5.

Deano, A. (1999). Introduccion a la logica formal. Madrid, Spain: Alianza Editorial.

De Luca, C., & Bellara, A. (2013). The current state of assessment education: Aligning policy, standards, and teacher education curriculum. Journal of Teacher
Education, 64(4), 356-372. https://doi.org/10.1177/0022487113488144

De Luca, C., Willis, J., Cowie, B., Harrison, C., & Coombs, A. (2023). The landscape of assessment education. Learning to assess. teacher education, learning innovation
and accountability. Singapore: Springer.

Espino Morales, O. G. (2004). Pensamiento y razonamiento. Madrid, Espana: Piramide Ediciones S.A.

Evans, J. St. B. T. (2008). Dual-processing accounts of reasoning, judgment, and social cognition. Annual Review of Psychology, 59(1), 255-278. https://doi.org/
10.1146/annurev.psych.59.103006.093629

Forster, C. E. (2023). (Ed.)The power of assessment in the classroom. improving decisions to promote learning. Switzerland: Springer /Ediciones UC.

Gredler, M. E. (1999). Classroom assessment and learning. New York: Longman.

Grigoroglou, M., & Ganea, P. A. (2022). Language as a mechanism for reasoning about possibilities. Philosophical Transactions B, 377, 20210334. https://doi.org/
10.1098/rstb.2021.0334

Ibarra-Saiz, M. S., Rodriguez-Gémez, G., & Boud, D. (2020). The quality of assessment tasks as a determinant of learning. Assessment & Evaluation in Higher Education,
46(6), 943-955. https://doi.org/10.1080/02602938.2020.1828268

Jackson, A. W., & Davis, G. A. (2000). Turning points 2000: Educating adolescents in the 21st century. New York: Teachers College Press.

Johnson-Laird, P. N. (2023). Possibilities and human reasoning. Possibilities Studies & Society, 1(1-2), 105-112. https://doi.org/10.1177/27538699231152731

Johnson-Laird, P. N., & Byrne, R. M. J. (2002). Conditionals: A theory of meaning, pragmatics, and inference. Psychological Review, 109(4), 646-678. https://doi.org/
10.1037/0033-295x.109.4.646

Johnson-Laird, P.N., Byrne, R.M.J., & Khemlani, S. (2023). Human verifications: Computable with truth tables outside logic. Proceedings of the National Academy of
Sciences, 120(40), e2310488120. https://doi.org/10.1073/pnas.2310488120.

Johnson-Laird, P.N., Byrne, R.M.J., & Khemlani, S. (2024). Models of possibilities instead of logic as the basis of human reasoning. Minds & Machines, 34(19), .
https://doi.org/10.1007/5s11023-024-09662-4.


https://doi.org/10.1016/j.cub.2023.08.028
http://refhub.elsevier.com/S1871-1871(24)00215-3/sbref0002
http://refhub.elsevier.com/S1871-1871(24)00215-3/sbref0002
https://doi.org/10.1037/xlm0000756
http://refhub.elsevier.com/S1871-1871(24)00215-3/sbref0004
https://doi.org/10.1038/s41467-020-19734-5
https://doi.org/10.1038/s41467-020-19734-5
http://refhub.elsevier.com/S1871-1871(24)00215-3/sbref0007
https://doi.org/10.1177/0022487113488144
http://refhub.elsevier.com/S1871-1871(24)00215-3/sbref0009
http://refhub.elsevier.com/S1871-1871(24)00215-3/sbref0009
http://refhub.elsevier.com/S1871-1871(24)00215-3/sbref0010
https://doi.org/10.1146/annurev.psych.59.103006.093629
https://doi.org/10.1146/annurev.psych.59.103006.093629
http://refhub.elsevier.com/S1871-1871(24)00215-3/sbref0013
https://doi.org/10.1098/rstb.2021.0334
https://doi.org/10.1098/rstb.2021.0334
https://doi.org/10.1080/02602938.2020.1828268
http://refhub.elsevier.com/S1871-1871(24)00215-3/sbref0016
https://doi.org/10.1177/27538699231152731
https://doi.org/10.1037/0033-295x.109.4.646
https://doi.org/10.1037/0033-295x.109.4.646
http://doi.org/10.1073/pnas.2310488120
http://doi.org/10.1007/s11023-024-09662-4

M. Lopez-Astorga et al. Thinking Skills and Creativity 54 (2024) 101677

Johnson-Laird, P. N., Khemlani, S., & Goodwin, G. P. (2015). Logic, probability, and human reasoning. Trends in Cognitive Sciences, 19(4), 201-214. https://doi.org/
10.1016/j.tics.2015.02.006

Johnson-Laird, P. N., Quelhas, A. C., & Rasga, C. (2021). The mental model theory of free choice permissions and paradoxical disjunctive inferences. Journal of
Cognitive Psychology, 33(8), 951-973. https://doi.org/10.1080/20445911.2021.1967963

Johnson-Laird, P.N., .& Ragni, M. (2019). Possibilities as the foundation of reasoning. Cognition, 193. https://doi.org/10.1016/j.cognition.2019.04.019.

Johnson-Laird, P.N., .& Ragni, M. (2024). Reasoning about possibilities: Modal logics, possible worlds, and mental models. Psychonomic Bulletin & Review. https://doi.
org/10.3758/513423-024-02518-z.

Khemlani, S., Byrne, R. M. J., & Johnson-Laird, P. N. (2018). Facts and possibilities: A model-based theory of sentential reasoning. Cognitive Science, 42(6), 1887-1924.
https://doi.org/10.1111/cogs.12634

Khemlani, S., Hinterecker, T., & Johnson-Laird, P. N. (2017). The provenance of modal inference. In G. Gunzelmann, A. Howes, T. Tenbrink, & E. J. Davelaar (Eds.),
Computational foundations of cognition (pp. 663-668). Austin, TX: Cognitive Science Society.

Khemlani, S., Orenes, ., & Johnson-Laird, P. N. (2014). The negation of conjunctions, conditionals, and disjunctions. Acta Psychologica, 151, 1-7. https://doi.org/
10.1016/j.actpsy.2014.05.004

Lépez-Astorga, M. (2019). Language acquisition and innate cognitive abilities: An approach from the mental models theory. Circulo de Lingiiistica Aplicada a la
Comunicacion (CLAC), 77, 233-242. https://doi.org/10.5209/CLAC.63286

Lopez-Astorga, M., Ragni, M., & Johnson-Laird, P. N. (2022). The probability of conditionals: A review. Psychonomic Bulletin & Review, 29, 1-20. https://doi.org/
10.3758/513423-021-01938-5

Orenes, ., & Johnson-Laird, P. N. (2012). Logic, models, and paradoxical inferences. Mind & Language, 27(4), 357-377. https://doi.org/10.1111/j.1468-
0017.2012.01448.x

Pastore, S., & Andrade, H. L. (2019). Teacher assessment literacy: A three-dimensional model. Teaching and Teacher Education, 84, 128-138. https://doi.org/10.1016/
j-tate.2019.05.003

Quelhas, A. C., & Johnson-Laird, P. N. (2017). The modulation of disjunctive assertions. The Quarterly Journal of Experimental Psychology, 70(4), 703-717. https://doi.
org/10.1080/17470218.2016.1154079

Quelhas, A. C., Johnson-Laird, P. N., & Juhos, C. (2010). The modulation of conditional assertions and its effects on reasoning. The Quarterly Journal of Experimental
Psychology, 63(9), 1716-1739. https://doi.org/10.1080/17470210903536902

Quelhas, A. C., Rasga, C., & Johnson-Laird, P. N. (2019). The analytic truth and falsity of disjunctions. Cognitive Science, 43(9), Article e12739. https://doi.org/
10.1111/cogs.12739

Rasga, C., Quelhas, A. C., & Johnson-Laird, P. N. (2022). An explanation of or-deletions and other paradoxical disjunctive inferences. Journal of Cognitive Psychology,
34(8), 1032-1051. https://doi.org/10.1080/20445911.2022.2091576

Restall, G. (2006). Logic: An introduction. Montreal & Kingston, Canada: McGill-Queen’s University Press.

Swiecki, Z., Khosravi, H., Chen, G., Martinez-Maldonado, R., Lodge, J.M., Milligan, S., Selwyn, N., & Gasevi¢, D. (2022).: Assessment in the age of artificial
intelligence. Computers and Education: Artificial Intelligence, Volume 3, 100075, https://doi.org/10.1016/j.caeai.2022.100075.

Torres Bravo, L. D., & Gairin Sallan, J. (2019). Deteccién de modelos mentales como posibilidades semanticas para el analisis del pensamiento social. Cultura, Lenguaje
¥ Representacion, XXI, 159-174. https://doi.org/10.6035/¢lr.2019.21.9

Zepeda, S. C. (2023). Effective feedback and its potential to enhance learning. In C. E. Forster (Ed.), The power of assessment in the classroom. Improving decisions to
promote learning (pp. 87-104). Switzerland: Springer / Ediciones UC.


https://doi.org/10.1016/j.tics.2015.02.006
https://doi.org/10.1016/j.tics.2015.02.006
https://doi.org/10.1080/20445911.2021.1967963
http://doi.org/10.1016/j.cognition.2019.04.019
http://doi.org/10.3758/s13423-024-02518-z
http://doi.org/10.3758/s13423-024-02518-z
https://doi.org/10.1111/cogs.12634
http://refhub.elsevier.com/S1871-1871(24)00215-3/sbref0026
http://refhub.elsevier.com/S1871-1871(24)00215-3/sbref0026
https://doi.org/10.1016/j.actpsy.2014.05.004
https://doi.org/10.1016/j.actpsy.2014.05.004
https://doi.org/10.5209/CLAC.63286
https://doi.org/10.3758/s13423-021-01938-5
https://doi.org/10.3758/s13423-021-01938-5
https://doi.org/10.1111/j.1468-0017.2012.01448.x
https://doi.org/10.1111/j.1468-0017.2012.01448.x
https://doi.org/10.1016/j.tate.2019.05.003
https://doi.org/10.1016/j.tate.2019.05.003
https://doi.org/10.1080/17470218.2016.1154079
https://doi.org/10.1080/17470218.2016.1154079
https://doi.org/10.1080/17470210903536902
https://doi.org/10.1111/cogs.12739
https://doi.org/10.1111/cogs.12739
https://doi.org/10.1080/20445911.2022.2091576
http://refhub.elsevier.com/S1871-1871(24)00215-3/sbref0036
http://doi.org/10.1016/j.caeai.2022.100075
https://doi.org/10.6035/clr.2019.21.9
http://refhub.elsevier.com/S1871-1871(24)00215-3/sbref0006
http://refhub.elsevier.com/S1871-1871(24)00215-3/sbref0006

	Disjunction and access to knowledge: Educational implications
	1 Introduction
	1.1 Reasoning and logical connectives: the case of disjunction
	1.2 The disjunction problem and cognitive science
	1.3 The disjunction problem and the theory of mental models
	1.4 Educational assessment and the disjunction problem

	2 Discussion and conclusions
	Funding sources
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	datalink6
	References


