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Abstract
Natural language conditionals are often thought to be non-classical in the inferences
that they support. This is often taken to show that the logic underlying human
reasoning with conditionals is non-monotonic. This paper argues that indicative
conditionals are in fact classical, i.e. that such inference patterns as Weakening and
Antecedent Strengthening are valid. It is further shown that a purely classical
propositional logic is compatible with apparently non-monotonic reasoning, given
simple assumptions about the behaviour of the reasoning performance system: what it
does when contradiction is generated; and how auxiliary premises are recruited.

1 Introduction
Indicative natural language conditionals are often taken to be non-classical in that
the following schemas at least1 are said to be invalid in natural language:
(1)

Weakening:
P, If P, Q. ⊦ Q. Therefore P, If P, Q., R ⊦ Q

(2)

a. Antecedent strengthening:
If P, Q. Therefore If P and R, Q.
b. Transitivity:
If P, Q.; If Q, R. Therefore If P, R.
c. ‘Paradoxes’ of material implication e.g.:
Q Therefore: If P, Q.

1

Contraposition is also often held to be invalid for indicative conditionals, but we omit it here
for reasons of space and because the alleged counterexamples are less strong.
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Some instances of these schemas are intuitively acceptable: examples are given in
(3) and (4). However there are also instances that seem unacceptable: see the
examples in (5) and (6).
(3)

Weakening:
The weather is fine.; If the weather is fine, Jack runs. ⊦ Jack runs.
Therefore: The weather is fine.; If the weather is fine, Jack runs.; 2+2=4. ⊦
Jack runs.

(4)

a. Antecedent Strengthening
If this switch is pressed down, the light comes on.
Therefore: If this switch is pressed down and I stand on one leg, the light
comes on.
b. Transitivity
If John buys cake, Mary eats cake.; If Mary eats cake, she gets sick.
Therefore: If John buys cake, Mary gets sick.

(5)

Weakening
The weather is fine.; If the weather is fine, Jack runs. ⊦ Jack runs.
Therefore: The weather is fine.; If the weather is fine, Jack runs.; Jack breaks
his leg. ⊦ Jack runs.

(6)

a. Antecedent Strengthening
If this switch is pressed down, the light comes on.
Therefore: If this switch is pressed down and there is a power cut, the light
comes on.
b. Transitivity
If Jones wins the election, Smith will retire to private life. If Smith dies
tomorrow, Jones will win the election.
Therefore: If Smith dies tomorrow, Smith will retire to private life.
c. ‘Paradoxes’ of material implication e.g.:
I will meet you tomorrow.
Therefore: If I die tonight I will meet you tomorrow. (Gauker, 2005)

Examples such as those in (5) and (6) have been taken to establish the invalidity of
these schemas. Their apparent invalidity is in turn an important motivation for nonclassical theories of the semantics for ‘if’ in philosophy and linguistics (e.g.
Stalnaker, 1968; Belnap, 1970; Lewis, 1973; Adams, 1975; Kratzer 1981;
Schlenker 2004) and psychology, where probabilistic accounts of conditionals and
conditional reasoning are becoming influential (e.g. Evans & Over, 2004; Oaksford
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& Chater, 2007). The failure of weakening is often taken as axiomatic, while
human reasoning is assumed to be non-monotonic and defeasible, needing to be
modelled in terms of an alternative to Classical Propositional Logic (CPL) such as
Default Logic or Relevance Logic.
We would like to say that the linguistic meaning of ‘if’ is simply material
implication, but we confine ourselves here to some ground-clearing work. We
attempt to show that the inferences that are valid in CPL are in fact valid for natural
language indicative conditionals, giving a pragmatic explanation for their apparent
invalidity; and that apparently non-monotonic reasoning with conditionals can be
explained using CPL and some simple assumptions about belief revision.
In what follows, we are abstracting away from different uses of indicative
conditionals such as those in (7) to (12), although there is evidence that the extent
to which conditional inferences are endorsed depends on the ‘type’ of conditional.2
(7)
(8)
(9)
(10)
(11)
(12)

If you pay attention in class you’ll learn a lot.
If you didn’t damage the curtain it was the cat.
If he loved her then, he adores her now.
If you are thirsty there’s juice in the fridge.
If he was surprised he didn’t show it.
If this is an ice cream I am a Dutchman.

We are also ignoring ‘subjunctive’ or ‘counterfactual’ conditionals such as those in
the following examples, although much of what we say here also applies to them,
we believe.
(13) Had Smith been the murderer, he would have fled by now.
(14) If Smith were the murderer, he would have done all those things that he has in
fact done.
2 Explanations for some alleged counterexamples
In this section we argue that all of the classical schemas are valid and that examples
only seem invalid when the context is (illicitly) shifted mid-argument. (This point
about context-shift has been made by a number of theorists, including Gauker,
2005; Brogaard & Salerno, 20083; Allott & Uchida, 2009). This raises two

2

See Verbrugge, Dieussaert, Schaeken, Smessaert & Van Belle (2007), who compare ‘content’
conditionals such as (7) and ‘inferential’ conditionals such as (8) and find significant differences
in the percentage of participants endorsing each of MPP, MTT, denial of the antecedent, and
affirmation of the consequent.
3
Brogaard & Salerno (2008) make this point about subjunctives rather than indicatives.
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questions. First, why do the alleged counterexamples (pre-theoretically) seem
invalid? Secondly, how do reasoners using CPL reach apparently non-classical
conclusions? The first of these questions is dealt with in this section; the second is
dealt with in section 3.
2.1 A ‘paradox’ of material implication
(15)

Meeting
a. I will meet you tomorrow.
b. Therefore: If I die tonight I will meet you tomorrow.

In his recent book on conditionals, Christopher Gauker writes:
The main reason [why (15) seems invalid] is that people, even trained
logicians, employ an illegitimate procedure for evaluating arguments.
…Suppose we accept the premise. In supposing this, …we take
ourselves to be in a context in which every relevant prospect is one in
which I will meet you tomorrow. Nonetheless, when we contemplate the
conclusion, we may be driven to imagine a different context. When we
evaluate the conclusion, “If I die tonight I will meet you tomorrow,” we
naturally suppose that we are in a context in which the antecedent, “I die
tonight,” is a relevant prospect. Where my dying tonight is a relevant
prospect, we will not assert that if I die tonight, I will meet you
tomorrow. But in fact that prospect was not among the prospects we
were contemplating when we accepted the premise, “I will meet you
tomorrow” (Gauker, 2005: 94)
We agree entirely, and we think that similar analyses apply to all of the apparently
problematic arguments: in each case the argument only seems invalid because of a
failure to hold context constant.
We think that some further explanation is needed: Why does the hearer of an
utterance ‘naturally suppose’ that she is in a context in which the antecedent is a
‘relevant prospect’? It is generally accepted in pragmatics, following Sperber and
Wilson (1986), that in utterance interpretation the context in which an utterance is
processed depends on the utterance itself: “understanding pragmatic meanings is
always a case of identifying a context that will make sense of the utterance”
(Grundy, 2000)4.
As Smith pointed out, once this assumption is granted, “the only meaning one
needs to assign to if beyond its truth-functional one is that the protasis will enable a
4

An introductory textbook on pragmatics.
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relevant construal of the apodosis to be made, if necessary after the adduction of
further suppositions.” (Smith, 1983: 8). We agree with Smith that this is not to be
seen as an ad hoc stipulation about conditionals, because it follows from the
Communicative Principle of Relevance (Sperber & Wilson, 1995: 261, 266ff.):
(16) The speaker will have made her utterance as relevant as possible (given her
abilities and preferences), where relevance is a positive function of the
cognitive effects of processing an input and a negative function of the effort
required to do the processing.5
2.2 Transitivity
Without going over the details here for reasons of space, we claim that putative
counterexamples to transitivity work in the same way. One sign that there is
something pragmatic about such examples is that they are much more compelling
when the premises are presented in the non-canonical order, If Q, R; If P, Q, as in
(6-b). Consider that argument with the premises presented in the order given in (2b) instead:
(17) a. If Smith dies tomorrow, Jones will win the election. If Jones wins the
election, Smith will retire to private life.
b. Therefore: If Smith dies tomorrow, Smith will retire to private life.
A natural reaction to the premises presented in this order is “Hang on a minute, if
Smith dies tomorrow, he’s hardly going to be retiring to private life!” In other
words, a natural objection is that there is no model compatible with both of the
premises and with world knowledge.
When the conclusion is presented, that also clashes with world knowledge, so it is
likely to be thought false. In the case of presentation as in (17), that may well not
lead to any conclusion about validity, since it is hard to entertain a model in which
the premises are compatible with each other. But if presented as in (6-b), where it is
not perhaps noticed that the premises are not compatible with each other and world
knowledge, there may be some temptation to say that the inference is invalid.

5

The fact that relevance in this technical sense is negatively correlated with processing effort is
important for the explanation of the interpretation of conditionals. Some conditionals which seem
incomprehensibly bizarre could be given a causal reading. In normal circumstances, such readings
may not be arrived at because of the effort involved in generating them. For example: “If she has
green eyes, the neutrino is massless” (Smith, 1983: 8).
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2.3 Antecedent strengthening
The alleged counterexamples against antecedent strengthening also rely on context
shift, here induced by the extra information introduced in the conclusion. In (6-a)
the model normally entertained on processing the premise does not include the
possibility of a power cut. In (18) the additional information implies that Kennedy
was not shot, a possibility not normally envisaged when processing the premise.
(18) a. If Oswald didn’t shoot Kennedy someone else did.
b. Therefore: If Oswald didn’t shoot Kennedy and the man Oswald shot was a
Kennedy double, someone else shot Kennedy. (Bennett, 2003)6
Once the conclusion has been processed, the context will have been changed to one
in which the premise “If Oswald didn’t shoot Kennedy someone else did” is not
taken to be true.
In CPL, antecedent strengthening is a consequence of structural weakening,
which we discuss in some detail in the next section.
3 (Left) Weakening
We have argued that the apparent non-classical properties of spontaneous
inferences are explained better at the level of performance, rather than at the level
of the underlying logic. To support this argument, this section shows that we can
deal with the apparent lack of weakening in spontaneous inferences without
modifying the monotonicity of Classical Propositional Logic (CPL). We focus on
weakening since it is a direct implication of the monotonicity of CPL. Consider
(19):
(19)

6

a. P → Q: If the weather is fine, Jack runs. (Premise 1)
P : The weather is fine. (Premise 2)
Q: Jack runs. (Conclusion)
The valid inference: Whenever Premise 1 and Premise 2 are true, the
conclusion is also true.
b. R: Jack breaks his leg.

See Smith and Smith (1988) for a detailed treatment of the processing of the Oswald-Kennedy
examples.
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(19-a) shows an inference which is valid both in CPL and according to our
intuition. In spontaneous inferences, it is claimed that this validity is not maintained
if we add another premise R in (19-b). That is, if Jack breaks his leg, he will no
longer run even if the weather is fine, and we can no longer conclude Q. In contrast,
in CPL, an addition of a new premise R does not influence the validity of the initial
inference, as shown in (20).7
(20)

Left Weakening
P, P → Q ⊢ Q LW
P, P → Q, R ⊢ Q

Thus, it is claimed that CPL is an inadequate tool for explaining spontaneous
inferences.
However, it is not clear whether the spontaneous inference sketched at (19) really
challenges the monotonicity of the underlying logic. First, what is added as a new
premise is not only R in (19-b) but also R → ¬Q in (21).
(21) R → ¬Q: If Jack breaks his leg, he (=Jack) does not run.
Given (21), we can explain the spontaneous inference as above in the following
way. We assume that when we use CPL in spontaneous inferences, we tend to
assume that all the premises are true from which we derive a conclusion such as Q
in (19) as a true proposition.8
If we assume all the premises as above, including R and R → ¬Q, to be true, then
the conclusion is Q & ¬Q, which is a contradiction (⊥), as in (22).
(22)

P, P → Q, R, R → ¬Q ⊢ Q & ¬Q (i.e., ⊥)

At this stage, we can treat P → Q as a hypothetical premise and discharge it as in
(23) from top to bottom.9

7

From top to bottom, the sequent calculus in (20) means that if we can derive Q from P and P
→ Q, then we can also derive Q from P , P → Q and R.
8
This is only a performance tendency. The so-called Dutchman sentences as in (12) above
suggest that a spontaneous inference can be based on a false premise.
9
The presentation is sequent calculus. In Hilbert calculus, the whole process will be Reductio
Ad Absurdum. That is, if we derive a contradiction from a premise P → Q together with the set of
other premises Γ, then from Γ alone, we can derive ¬(P → Q).

8

(23)

Nicholas Allott and Hiroyuki Uchida

P, P → Q, R, R → ¬Q ⊢ ⊥ → R
P, R, R → ¬Q ⊢ (P → Q) → ⊥

Re-evaluating P → Q as ¬(P → Q) as in (23) does not cancel the validity of the
initial inference P, P → Q ⊢ Q. Validity of this sequent does not require P → Q (or
P or even Q) to be true.
Alternatively, we assume that whenever we derive ⊥ as in (22) in a spontaneous
inference, we may start a new inference by using only a relevant subset of the
premises. For the above inference, we may use only the premises R and R → Q and
conclude Q, as in (24).
(24) R, R → ¬Q ⊢ ¬Q
P → Q is now taken out of consideration in this new inference. We do not use P (=
the weather is fine) in this new inference based on the assumption that at each stage
of each spontaneous inference, only the relevant propositions are considered.
However, note that both in terms of CPL and according to our intuition, (24) is
valid even with P as an additional premise. In the new inference in (24), we can
conclude ¬Q and we argue that this explains why we feel as if the initial validity of
the derivation of Q had been cancelled after we consider the new premise R
(together with R → ¬Q as above). In fact, the validity has not been cancelled. We
simply re-evaluated the truthfulness of the premise P → Q and decided to base our
new conclusion on the new premises R and R → ¬Q only. Why these two premises
count as more important than the earlier premises P and P → Q is explained by
some performance and pragmatic factors. In general, premises that are presented
later tend to have more weight than premises presented earlier, for pragmatic
reasons. Also, world knowledge may play a role. For example, if someone breaks
his leg, it is physically difficult to run, while P → Q as in (19-a) simply states
either a general habit of John’s or some sort of promissory note which may turn out
to be false after all.
At no stage of the inferential steps so far did we cancel the validity of the
inference P, P → Q ⊢ Q and the monotonicity of CPL has not been challenged.
As we have discussed in section 2.3, Antecedent Strengthening is derivable with
Left Weakening as in (20), together with some basic rules of the propositional
connectives in CPL. Thus, the sequent in (25) is a derived theorem in CPL.
(25) Antecedent Strengthening
P → Q ⊢ (P & R) → Q
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However, in spontaneous inferences, we do not feel as if (P & R) → Q (i.e., ‘If the
weather is fine and John breaks a leg, John runs’) follows from P → Q (i.e., ‘If the
weather is fine, John runs’). Again, we explain the reason in a similar way at the
level of performance. Human reasoning follows temporal order, from the
antecedent to the succedent. We can postulate that P → Q is true and then continue
to the succedent (P & R) → Q. This succedent conditional is hard to accept as true
according to our world-knowledge, therefore we tend to think that this is false no
matter what. But we argue that in this case we have over-ridden (the truth of) our
initial assumption P → Q, given our strong intuition that (P & R) → Q must be
false according to our world knowledge. Then the validity of the sequent P → Q ⊢
(P & R) → Q is maintained, since P → Q is now false. We argue that whenever we
force ourselves to believe that P → Q is true no matter what, then (P & R) → Q
does follow, as in the reasoning: “If the weather is fine, then John runs no matter
what. I mean, even if John has broken a leg, he still runs, as long as the weather is
fine.”
This section has shown that we can deal with some typical cases of apparent nonmonotonic reasoning without modifying CPL. We have assumed that at each stage
of each spontaneous inference, humans only take into account the set of premises
that are relevant to them at that stage, where the notion of relevance is as in
relevance theory. The next section briefly provides a performance formalism which
sustains this analysis.
4 Abduction
We have assumed that humans consider only a subset of the potentially useful
premises at each stage of an inference. To model this performance, I adopt the
performance procedure as in (26) (cf. Hunter 2001, 2008, Efstathiou and Hunter
2008).
(26)

a. The set of total propositions, Prop
b. Abduction Schema:
⟨Γ, φ⟩
⟨Γ ∪ ∆, φ⟩

(finite, possibly inconsistent).

where Γ, ∆ ⊆ Prop and φ ∈ Prop.
Prop in (26-a) is a set of potentially usable propositions. This set may be
inconsistent, including contradictions or mutually contradicting propositions. Each
argument ⟨Γ, φ⟩ means that from the set of propositions Γ, we can conclude φ
following the rules of CPL.
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Further constraints are assigned on Γ as in (27).
An argument is a pair ⟨Γ, φ⟩ such that φ ∈ Prop and
a. Γ ⊬CPL ⊥
b. Γ ⊢CPL φ
c. Γ is a minimal subset of Prop satisfying (27-b).
Cf. Hunter (2001: 206)
(27)

Each Γ is a minimal subset of Prop and each Γ includes only the relevant
propositions at that stage of the inference. Γ is normally a consistent set, as required
in (27-a). But a spontaneous inference may derive a contradiction ⊥. We assume
that whenever that happens, we either abort that inference and start a new
inference, or discharge a premise from Γ as in (23) above. Minimality as in (27-c)
is calculated based on the conservativity order as in (28).
(28) A (valid) argument ⟨Φ, α⟩ is more conservative than a (valid) argument ⟨Ψ, β⟩ iff
Φ ⊆ Ψ and β ⊢ α.
Hunter (2001: 206-207)
This section has provided a performance procedure which supports our analysis in
the previous sections.
5 Loose ends
This section briefly discusses some of the loose ends of our analysis of natural
language conditionals and indicates how our future research may develop.
5.1 Cases that do not involve context-shift
First, we have argued that some of the inference data that apparently support the
non-monotonicity of the underlying logic involve a mid-inference context shift.
However, it is not the case that all apparently problematic inferences involve such a
context shift. Consider (29) and (30).
(29)

a. If John comes and Tom comes, Meg comes.
Cf. Gregoromichelaki (2006: 26)
b. (P & Q) → R (where P : John comes, Q: Tom comes, R: Meg comes).

(30)

a. If Matsui’s knees are fully recovered, the NY Yankees will not use him as a
field player.
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b. P → ¬Q (where P: Matsui’s knees are fully recovered, Q: the NY Yankees
use Matsui as a field player).
If we assume that the encoded semantics of (29-a) is as in (29-b), then we have an
apparent problem. That is, (29-b) entails (P → R) ∨ (Q → R) in CPL, while the
normal interpretation of (29-a) does not entail that at least one of the two holds, a)
If John comes Meg comes, or b) If Tom comes Meg comes. For (30-a), an utterance
of this sentence can be interpreted as conveying, ‘Even if Matsui’s knees are fully
recovered, the NY Yankees will not use him as a field player’ and to say this is to
somehow take for granted that if Matsui’s knees are not fully recovered, the NY
Yankees will not use him as a field player. If we automatically mapped the overt
syntactic form If P, not Q in (30-a) to the proposition P → ¬Q as in (30-b), then
some might argue that we would fail to capture this aspect of the intuitive meaning.
It is hard to see how a mid-inference context shift can deal with either case.
However, note that we have not argued that every linguistic form If P (then) Q is
automatically mapped to the proposition P → Q. First of all, research in the field of
pragmatics strongly suggests that linguistic forms often underspecify their
interpretations in the context (cf. Carston, 2002) and there can be discrepancies
between the semantics encoded with the overt expressions appearing in the
sentences uttered and the propositions expressed by utterance of those sentences.
Also, we need to bear in mind the traditional point that the logical forms of
sentences do not always directly track surface sentence forms, which may be
elliptical.
In fact, it is clear that both (29) and (30) include additional complications. That
is, for (29), we need to take into account the interpretation of the natural language
connective ‘and’ and its interaction with the semantics and pragmatics of ‘if’. For
(30), we need to consider the existence of a related construction Even if P, Q and its
semantics and pragmatics. Discussing these additional complications at length is
beyond the scope of this paper, but we do not simply assume that (29-b) and (30-b)
adequately represent the (most natural) interpretations of (29-a) and (30-a). Pretheoretically, the most natural proposition expressed by (29-a) will be something
like ‘If both P and Q hold, then R holds.’ How best to represent this proposition
using → is left for future research, but the point is that the assertion of this intuitive
proposition does not commit the speaker to a particular conclusion statement in
case at least one of P or Q does not hold, in the same way that the assertion of the
proposition P → Q does not commit ourselves to the truth of Q in case P is false
(that is, the proposition ‘If the weather is fine, Tom plays baseball’ stated in its CPL
form is compatible with either of the two situations, a) it rains and Tom plays
baseball or b) it rains and Tom does not play baseball). Thus, the entailment
relation from ‘If John comes and Tom comes’ to ‘If John comes Meg comes or if
Tom comes Meg comes’ does not hold. We still need to spell out how the above
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intuitive proposition is represented using → as its subpart, which we leave for
another paper.
Similarly, as noted above, the utterance of the linguistic form (30-a) will often
(depending on the context) be best glossed as, ‘Even if Matsui’s knees are fully
recovered, the NY Yankees will not use him as a field player’. We agree with
Smith and Smith that “the function of even is explicitly to exclude the normal
assumption that by uttering P → Q a speaker implies ¬P → ¬Q and where,
moreover, the use of even is normally prompted by that assumption having been
explicitly voiced.”10 (1988: 338). An obvious question is whether this extra
information is conveyed implicitly or whether it becomes part of the proposition
expressed by the utterance. We leave this question for future research.11
To summarize, in this paper we have argued that propositional inferences
involving statements made by using natural language indicative conditionals can be
adequately captured by CPL inferences, involving the use of the material
implication. We have not argued that the form If P Q is automatically mapped to
the proposition P → Q, but we do think that all natural language indicative
conditionals can be analyzed in terms of material implications, together with
considerations of additional semantic and pragmatic factors where appropriate.
5.2 Alternative analyses
This paper did not show that spontaneous inferences involving conditionals are not
adequately captured by an alternative analysis, such as one using Relevance Logic
as in Anderson and Belnap (1975) or an analysis using Bayesian inferences as in
Oaksford and Chater (2007). We do not review these alternative analyses in this
section either. However, a fundamental problem with these analyses is that neither
of them obviates the importance of material implication in an analysis of
spontaneous propositional inferences. For example, Burgess (1981) showed that
CPL inferences involving material implication are observable not only in formal
reasoning but also in our discussion of mathematical problems. If the use of
material implication is at least sometimes supported in our spontaneous inference
data, then an analysis using Relevance Logic would need an additional tool to deal
with such inferences. Relevance logicians may equip their inference system with
both the relevance implication and the material implication, then use whichever
implication arrow is appropriate for the task at hand. However, as Burgess pointed
out, this hybrid system does not work straightforwardly since the mere availability
10

We have transposed P and Q in both formulae in this quotation to bring the usage in line
with the other examples here.
11
This example also raises the separate question of the interaction of the conditional with the
modal ‘will’ in the consequent. We have ignored this issue in this paper.
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of the relevance implication in the inference system breaks some logical entailment
relations involving conditional statements that are supported in CPL. That is, the
semantics of If P then R would still not entail the validity of If P and Q, then R with
such a hybrid system if the person who runs an inference has the option of using
the relevance implication for interpreting that construction, even if the person can
use the material implication instead. Also, such a hybrid system makes it difficult
to provide an intended semantics with regard to which the logical system is sound
and complete. This is not only problematic from the viewpoint of maintaining a
fully deductive system for the underlying logic. It also compromises the predictive
power of the resultant theory. See Uchida (2009) in this regard.
Incompleteness of the underlying logical system does not arise only for such a
hybrid system that uses both the relevance implication and the CPL implication.
Relevance Logic itself poses the same incompleteness problem. There have been
several attempts to provide a complete semantics for Relevance Logic. For
example, Mikulás (2009) has shown that the class of De Morgan monoids DMM
provide a sound and complete semantics for R, the relevance logic that was
regarded as preferred in Anderson and Belnap (1975). However, the standard settheoretic model-theoretic semantics with regard to which CPL is complete is both
formally well-behaved and also captures at least some of the crucial elements of
our propositional inferences. If we pick a set A of any objects, such as a set of
information states in which propositions are true, and if the semantic model is
equipped with a set intersection ∩ and a set union ∪, then the power set of A, that is,
℘(A) is closed with regard to these two operations with the maximal element as the
set A and the minimal element as the empty set ∅. As is well known, this naturally
forms a Boolean algebra and the properties of the Boolean algebra fall out naturally
from the set-theoretic interpretations of the union, the intersection, the domain set
and the empty-set, rather than being stipulated in an abstract manner.
Also, Boolean algebras are finitely axiomatizable. Thus, by proving that CPL is
sound and complete with regard to a Boolean algebra, we can show that our
theoretical inference system covers an infinite number of possible inferences by
way of a finite number of axioms. This is important given the productivity of
spontaneous propositional inferences that we model by way of CPL.
In contrast, the semantics provided by Mikulás for R is a relational algebra.
Relational algebras are convenient for providing tailor-made semantics for
substructural logics since with relational algebra, we can simply stipulate those
relations that match up with the syntactic structures of the logical system. On the
other hand, an independent motivation for each relation that holds in a relational
structure beyond the requirements of the logic that it copies is not clear. For
example, in the Boolean algebra above, the notion of set intersection is motivated
independently of the syntactic relation represented by ‘&’ in CPL, and the syntactic
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relation represented by ‘→’ in CPL is interpreted by way of a combination of set
complementation and set union, both of which have independent set-theoretical
motivations. It is not clear whether DMM is independent of R to the same degree as
this set-theoretic Boolean algebra is independent of CPL.
Finally, relational algebras are not finitely axiomatizable. As is suggested in
Hirsch & Hodkinson (2002), it is possible to cover an infinite number of inference
instances by way of a finite number of strategy patterns in a Game. But this is like
copying the inherent incompleteness of the logical system into the intended
semantics. In a sense, this would mean that we would achieve a soundness and
completeness result between two ‘incomplete’ systems, such as R and DMM,
where the latter can be interpreted by way of a Game but is still not finitely
axiomatizable.
As an alternative semantics for a relevance logic, Avron (1990a) and Avron
(1990b) provide a ‘para-consistent’ semantic structure with regard to which a
modified relevance logic (i.e., either RMI or RMImin) is sound and complete.
Avron's semantics inherits some of the properties of the set-theoretic Boolean
algebra and thus is more insightful than Mikulás’ semantics. However, the
semantics is confirmed to be consistent only within each of the information
modules which the total semantic model is made from and it is not clear if such a
para-consistency can completely cover the attested spontaneous propositional
inference data. For example, we think that Avron’s modified relevance logic still
cannot deal with valid spontaneous inferences of the kinds discussed in Burgess
(1981), mentioned above, but we leave a complete review of Avron's semantics for
another occasion. Given such considerations, it is at least not clear why
supplementing a relevance logic such as R with additional tools is any better than
starting with CPL and explaining the apparent deviance from CPL at the level of
pragmatic performance.
Finally, note that the performance algorithm that we have sketched in section 4 is
supported by independent pragmatic considerations, such as humans’ tendency to
consider only a limited set of premises at each stage of a spontaneous inference or
humans’ tendency to spontaneously modify the evaluations of the previous
assumptions. In contrast, if we were to use R as the underlying inference system,
then we would need to supplement it with an additional mechanism so that the
additional mechanism could somehow explain our ‘mathematical reasoning’ or
‘logical reasoning’ in our spontaneous inferences. It is not clear how considering
performance factors can supplement such holes in the underlying logic.12

12

Again, equipping R with an extra tool such as the CPL material implication arrow at the level
of the logical system would make the provision of the semantics difficult.
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Basically the same criticism applies to a Bayesian analysis of natural language
conditionals. If natural language conditionals only assert probabilistic statements, it
is hard to support the above mentioned logical entailment relation that is sometimes
observable in spontaneous inferences. If the entailment relation in the inference
data only arises at the level of lexical semantics, then we can stipulate each
entailment relation with regard to the particular propositions involved. For
example, if the conditional is If that substance is water, then it contains hydrogen,
then we can simply stipulate that the conclusion follows 100% from the premise
irrespective of other information. However, the point of the Aristotelian syllogisms
is to suggest that we may run spontaneous inferences dependent on forms, such as
If P, then Q and P, therefore Q, irrespective of what P and Q are. It is not clear if
those data that apparently support the use of Bayesian inferences actually cancel
out the importance of such Aristotelian syllogisms for every part of spontaneous
propositional inference data, and again, if we do need to use CPL inferences to
explain at least some part of spontaneous inferences, it is much more difficult to
supplement a Bayesian analysis with some additional tools than to add additional
constraints to CPL at the level of performance. Unlike Relevance Logic, Bayesian
inferences, we believe, might be useful in our formal models of performance
algorithms. Thus, we do not disregard the possible importance of such inference
systems in our analysis of spontaneous inferences at the level of performance.
However, we do not think that analyzing the semantics of natural language
conditionals as encoding probabilistic statements is empirically adequate.
6 Conclusion
We have argued that natural-language indicative conditionals are classical in their
inferential behaviour and that in alleged counter-examples the apparent invalidity is
a consequence of improperly failing to hold context constant while evaluating
premises and conclusion. We have also shown how the apparent non-monotonicity
of inferences with conditionals can be modelled with purely classical logic given a
performance system which a) has a rule for recovering from derivation of
contradiction and b) takes into account at each stage only the premises that are
relevant. We believe that the extra apparatus that we have used effectively comes
for free: any theory of utterance interpretation needs to account for the interplay of
encoded content with context, and any theory of human reasoning needs an account
of how and when supplementary premises are brought in from world-knowledge
and what the reasoning system does when a contradiction is derived.
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