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			PREFACE


			In recent times, two theories have played an important part in both linguistics and cognition. Those theories are the mental logic theory and the theory of mental models. Each of them gives relevance to an aspect of language. The mental logic theory seems to prefer syntax. On the contrary, the theory of mental models appears to be inclined to semantics. Pragmatics is not a problem. The two theories acknowledge its role.


			This book shows that the theory of mental models has a greater explanatory and predictive power. However, it does not propose to reject syntax. This work assumes that semantics, syntax, and pragmatics are aspects necessary in every human intellectual activity. Thus, it tries to argue that the acceptance of the theory of mental models does not have to lead to ignore syntax. In fact, the book will support the idea that the latter theory is compatible with syntax in at least two ways.


			All of these will be done by resorting to works I have previously published. Thereby, the book can be considered as a gathering of partial results. Those partial results are now presented as a unity with an aim: to make arguments already offered stronger. Hence, the goal is to relate results published in isolation to give them further support.


			The first chapter is devoted to the mental logic theory. This theory claims that a logic exists in the human mind. Nevertheless, that logic is not classical standard logic. For this reason, this chapter begins describing the general lines of classical standard logic. This will allow indicating what differentiates this last logic from the logic of the mental logic theory. A very important point in this way will be mentioned: unlike classical standard logic, the mental logic theory distinguishes several types of schemata. There are, for example, Core Schemata, which are used in every circumstance people can do that. Other kind of schemata is the one corresponding to Feeder Schemata, which are applied only in certain cases: when that can enable to make further inferences. But there also more schemata. Some of them are linked to, for instance, inconsistency. These latter schemata, as it will be explained, are different from those related to inconsistency in classical standard logic. In classical standard logic, inconsistency permits the derivation of any conclusion or formula. Nonetheless, in the mental logic theory, a contradiction only reveals that some of the assumptions is/are not correct.


			This first chapter will finish with an account of the manner this theory explains the reasons why people can come to conclusions incompatible with classical standard logic. That can be for two reasons: either there is no Core Schema leading to the suitable conclusion, or there are hidden premises causing reasoning to go in a direction different from the one indicated by the explicit information.


			The second chapter addresses the theory of mental models. Its semantic nature will be shown from key concepts in its framework. One of those concepts is the one of iconicity. Perhaps this is the most essential concept in the theory. What this concept implies is that, when individuals receive linguistic messages, they build iconic models related to those messages. The models are possible scenarios that can be true if their linguistic message is that. This leads to notions of the theory such as ‘possibility’, which refers to the situation in which something happens, at a minimum, in one of the models, ‘necessity’, which refers to a situation in which something happens in every model, and ‘fact’, which refers to a situation in which there is only a model and there is no any other possible model.


			However, this second chapter will comment on another relevant characteristic of the theory too: its proponents present the approach as a dual process theory. This is because people do not always identify all of the models corresponding to a linguistic message. Individuals sometimes use only intuition and detect the easiest models. Nevertheless, to recover all of the models, it is necessary to resort to analytic thinking.


			The chapter will also explain how the theory of mental models tends to account for the conclusions contrary to classical standard logic people often come to. The causes are two here as well: either individuals only use their intuition, and not their analytic thinking, or modulation processes occur. These last processes, as it will be seen, are critical in the theory; modulation modifies models or causes some models to be ignored. Following the theory of mental models, the action of modulation has to be mainly with the meanings of the expressions in the sentences. The book will elaborate in details on this point too.


			The third chapter will show that, although the two theories apparently have a similar potential, the mental logic theory presents several problems that do not exist in the theory of mental models. Those problems have been reported in the literature and are, basically, six. The first one is that of monotonicity. Logic is monotonic, that is, the truth value of a conclusion should not be affected by the introduction of new information. Nevertheless, that happens in daily reasoning. On the other hand, logic understands the conditional (i.e., sentences with the form ‘if p then q’) in a material way. According to the material interpretation of the conditional, a conditional is false only in one circumstance: when the clause including ‘if’ is true and the other clause is false. But it seems that people do not always understand the conditional in this manner. Third, there are logical rules that allow keeping deriving endless conclusions. For example, conjunction (‘and’) enables to construct formulae such as ‘p and q and q and q…’ Besides, the mental logic theory also needs to explain how an expression in natural language can be transformed into a logical form. As it will be shown, this is not always evident (e.g., sometimes expressions with the structure ‘if p then q’ appear neither to have the properties of the conditional nor to act as a conditional). Finally, the two last problems are related to the way the theory accounts for the mistakes people make from the logical point of view. There are cases in which those mistakes can be explained by neither the inexistence of a Core Schema nor the existence of a hidden premise. I have already argued in previous papers that the four first problems can be solved by the mental logic theory. However, I will present below some reasons to think that the theory cannot do the same with the two latter problems.


			This can lead to assume the theory of mental models as a better alternative. Nevertheless, as indicated, it causes a new problem: the acceptance of the theory of mental models can involve the assignation of a secondary role to syntax in human intellectual activity. But I have already proposed that this is not necessarily like that. The models of the theory of mental models can be linked to syntax at least in two manners: a) considering each model to be a row in a truth table of classical standard logic, and b) considering models to be possible worlds in the sense those worlds have in modal logic.


			All of this will be dealt with at the end as a general discussion. As said, much of what this book includes is already in the literature. Nonetheless, maybe what is interesting about the book is that it presents arguments and results published separately in one only text trying to be self-contained. This allows not only strengthening ideas previously supported, but also inferring, in an explicit way, more consequences and conclusions.


		




		

			THE MENTAL LOGIC THEORY


			This chapter is devoted to the mental logic theory (a general description of it can be found, e.g., in Braine & O’Brien, 1998a). That is a syntactic approach allowing several kinds of formal schemata to be applied. For this reason, it is often misunderstood. It is usual to think that the mental logic theory is akin to formal calculi such as those described in basic logic books (e.g., Deaño, 1999; Fisher, 2008). From this perspective, one might even assume that the proposal of the mental logic theory is similar to that of logicians such as Gentzen (1934, 1935).


			However, this is not correct. There are important differences between classical logic and the mental logic theory. This chapter tries to show this point. To do that, it precisely begins commenting on essential lines of standard propositional logic. Among those lines, the first section explains what means that classical logic is truth-functional. This refers to the semantic aspect of this last logic. It provides that the truth of the logical operators depends on the truth of the clauses linked to them. The section will move forward from semantics to syntax: it will account for how it is possible to go from truth values to formal schemata in standard logic. Lastly, this first section will present some examples of inferences that classical propositional logic enables and that people do not usually accept or make. Obviously, examples such as those are the ones that lead the mental logic theory to reject important principles of standard logic.


			Then, the chapter will consider some of the elements that distinguish the particular logic of the mental logic theory from classical logic. It will refer to the difference that exists in the latter theory between kinds of schemata. One might think that in logic all of the formal schemata must have an identical status. Nevertheless, this is not the case in the mental logic theory. The second section will deal with the main type of schema in the theory: Core Schemata (e.g., Braine & O’Brien, 1998b). Those are schemata that people tend to use whenever they have the opportunity. Those schemata are all valid in standard logic. The third section will address Feeder Schemata (e.g., Braine & O’Brien, 1998b). They are schemata that are also valid in classical propositional calculus. But the fact that they are deemed as Feeder Schemata places an important restriction on them: they cannot be used in any time. As it will be shown, under the framework of the theory, this can solve some cognitive problems reported in the literature. Nevertheless, other schemata will be also considered. In particular, the fourth section will be devoted to schemata such as those related to inconsistency (e.g., Braine & O’Brien, 1998b). The theory is different from standard logic with regard to these schemata too. In classical logic, contradictions lead to any formula one wants to think about. However, in the mental logic theory, they only reveal that some of the initial assumptions need(s) to be rejected (see also, e.g., Braine & O’Brien, 1998c). As it will be explained, this idea can be used to overcome cognitive difficulties as well.


			The chapter will finish describing the general ways the mental logic theory explains the responses given by participants in reasoning tasks inconsistent with classical logic. Those circumstances happen in two cases: when the inference is correct in standard logic but there is no any Core Schema allowing making it (e.g., Braine & O’Brien, 1998b), and when there is an implicit premise that introduces more information than the one indicated in the explicit premises (this idea comes from the importance pragmatics has in the mental logic theory; see also, e.g., O’Brien, 2014).


			What the mental logic theory is not: classical standard logic


			It is well known what classical standard logic is. That is to be found in any basic logic book (e.g., Deaño, 1999; Fisher, 2008). However, this first section of this first chapter will offer some essential notions of that logic to understand the rest of the book. I will follow the usual symbols in classical propositional logic.


			Perhaps the first point to highlight regarding classical logic is that it has fundamental operators. In addition to negation, they are the conditional, conjunction, and disjunction. Generally, basic logic texts often indicate that those operators are truth functional. That means that their truth values are related to the truth values of the clauses they have an influence on.


			Let us begin with negation. This is an operator affecting only one proposition. If ‘p’ is a formula representing any proposition, standard logic expresses it as (1) when denied.


			(1)¬p


			Where ‘¬’ represents the operator of negation. So (1) is read as ‘not-p’.


			A proposition such as p has to have a truth value; p can be true or false. That can be indicated by means of (2) and (3).


			(2)v(p) = 1


			Where ‘v(p)’ refers to the truth value of p and ‘1’ represents true value.


			(3)v(p) = 0


			Where ‘0’ means false value.


			The use of symbols such as ‘v(p)’, ‘1’, and ‘0’ is very habitual in standard logic. I have used them with meanings such as these in several works (e.g., López-Astorga, 2020). From them and what has been said, the way negation operates in classical logic can be described:


			(4)v(p) = 1 if and only if (from now on, IFF) v(¬p) = 0


			(5)v(p) = 0 IFF v(¬p) = 1


			As it can be seen in (4) and (5), it is not possible that a formula such as p has the same truth value as its negation. ‘IFF’ provides that both what is claimed in its left clause and what is claimed in its right clause should be accepted at once. Only one of the clauses cannot be accepted. So, if the formula is true, its negation has to be false, and if the formula is false, its negation has to be true.


			This allows explaining the other logical operators too, which relate two propositions. (6) stands for a conjunction.


			(6)p ∧ q


			Where ‘∧’ is conjunction and ‘q’ denotes any other proposition different from p. Therefore, (6) expresses ‘p and q’.


			In a conjunction, the two propositions must be true. If one of them (or both of them) is (or are) false, the conjunction is false as well. This is what (7) establishes.


			(7)v(p ∧ q) = 1 IFF both v(p) = 1 and v(q) = 1


			As far as disjunction is concerned, in general, it is understood as inclusive in classical standard logic, and represented such as in (8). 


			(8)p ∨ q


			Where ‘∨’ indicates disjunction. Hence, what (8) states is ‘either p or q, or both of them’.


			Disjunction is often inclusive in logic because it is supposed that it can only be false under one circumstance: when both of its propositions are false. If one of them (or both of them) is (or are) true, the entire disjunction is also true. Accordingly, 


			(9)v(p ∨ q) = 1 IFF either v(p) = 1 or v(q) = 1, or both of them


			Disjunction can also be exclusive. In that case, it is true only when one of its disjuncts is, the false situations being two: when both of the disjuncts are true and when both of the disjuncts are false. Thus, (10) defines disjunction if interpreted as exclusive.


			(10)v(p ∨ q) = 1 IFF either v(p) = 1 or v(q) = 1, but not both of them


			There have been logical systems in the history of philosophy considering disjunction to be exclusive. For example, Stoic logic (e.g., O’Toole & Jennings, 2004). However, as said, classical standard logic tends to understand it as inclusive, and that will be the way it will understood below. In any case, as I reminded in papers such as López-Astorga (2015a) and it is well known, classical standard logic also has resources to express that, in certain particular cases, disjunction should be considered as exclusive. It is enough to resort to a formula such as (11).


			(11)¬(p ∧ q)


			From what has been said above, it can be deduced that,


			(12)v[¬(p ∧ q)] = 1 IFF v(p ∧ q) = 0 IFF either v(p) = 0 or v(q) = 0, or both of them


			So,


			(13)v[(p ∨ q) ∧ ¬(p ∧ q)] = 1 IFF either v(p) = 1 or v(q) = 1, but not both of them


			What (13) shows is that it can be supposed that the interpretation of (8) is (9), and that, nevertheless, there are cases in which the interpretation can be understood as (10). The fact of adding (11) suffices.


			On the other hand, the conditional is usually captured by a formula such as (14).


			(14)p → q


			Where ‘→’ is conditional relation. Thereby, (14) can be read as ‘if p then q’.


			The conditional is interpreted in classical logic in a particular way as well. This last logic follows the material interpretation of the conditional, which seems to come from Philo of Megara (see, e.g., Bocheński, 1963). According to this interpretation, there is only one possibility of the conditional being false: when the first clause is the case but the second one does not happen. Thus, this interpretation means that


			(15)v(p → q) = 1 IFF either v(p) = 0 or v(q) = 1, or both of them


			One more logical connective could be the biconditional. It has the formal structure of (16), and is actually equivalent to (17).


			(16)p ↔ q


			Where ‘↔’ is biconditional relation. Hence, (16) indicates ‘p if and only if q’.


			(17)(p → q) ∧ (q → p)


			The situations in which (16) is true are those that (18) describes.


			(18)v(p ↔ q) = 1 IFF either both v(p) = 1 and v(q) = 1, or both v(p) = 0 and v(q) = 0


			What (18) provides is that, in the case of the biconditional, the operator is true only when its two clauses have the same truth value, that is, when both clauses are true or when both clauses are false. That is exactly what occurs with (17). If (19) is taken into account,


			(19)v(q → p) = 1 IFF either v(q) = 0 or v(p) = 1, or both of them


			It is evident that


			(20)v[(p → q) ∧ (q → p)] = 1 IFF v(p ↔ q) = 1


			All of these semantic relations are usually expressed in logic by means of tables, named ‘Truth Tables’. Nevertheless, what is most interesting now is that certain conclusions or results that can be obtained from what has already been explained can help move to a more formal or syntactic strand. In this way, Gentzen’s (1934, 1935) work was crucial. From that work, the natural deduction calculus could be introduced. That calculus has two basic rules (one of introduction and one of elimination) for negation, conjunction, disjunction, and the conditional (e.g., Deaño, 1999). Then, I present those rules together with their obvious semantic demonstrations.


			The negation introduction rule is (21).


			(21)If p is supposed and a contradiction, that is, a formula and its negation (e.g., q ∧ ¬q) is derived, it can be inferred that p is not the case. Formally,
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