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Abstract Classical semantics for counterfactuals is based on a notion of com-

parative similarity and minimal change: If A, would C says that the most similar

A-worlds are C-worlds. This semantics su�ers from a well-known di�culty with

disjunctive antecedents, which has generated a number of proposals combining

the semantics of counterfactuals with alternatives (see e.g. Alonso-Ovalle 2009,

Willer 2018, Santorio 2018, a.o.). In a recent study, Ciardelli, Zhang, and Cham-

pollion (2018b; henceforth, CZC) present new, related di�culties for the classical

approach having to do with unpredicted di�erences between counterfactuals with

De Morgan-equivalent antecedents, and related pattern of inferences. They pro-

pose a new semantics for counterfactuals, which builds on inquisitive semantics

(see Ciardelli et al. 2018a) and gives up on comparative similarity and minimal

change. We report a series of experiments extending their investigation. Our results

replicate CZC’s main e�ects, but they also indicate that those e�ects are linked to

the presence of overt negation. We propose a novel account, based on three key

assumptions: (i) the semantics for counterfactuals is standard; (ii) the meanings

of disjunction and negation are associated with alternatives, which interact with

the meaning of counterfactuals; (iii) the alternatives generated by negation are

partially determined by the question under discussion (QUD). We compare our

account with other existing accounts, including CZC’s own proposal, as well as

Schulz’s (2019) and Bar-Lev & Fox’s (2020) ones.
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1 Background

1.1 The standard semantics of counterfactuals

Theories of counterfactuals in formal semantics start from a simple idea, pithily
put by Stalnaker (1968):

Consider a possible world in whichA is true, and which otherwise
di�ers minimally from the actual world. �If A, thenB" is true (false)
just in caseB is true (false) in that possible world.

Theories in the tradition of Stalnaker and Lewis (Stalnaker 1968, Lewis 1973a,
Lewis 1973c, a.o.) formalize this idea via a relation of comparative closeness,
represented as `j w'. j w compares worlds with respect to their closeness to a
benchmark worldw: �wœj w wœœ#says thatwœis closer tow than wœœ. Comparative
closeness singles out a set of `maximally close' (or `minimally di�erent') antecedent
worlds, which are then used to evaluate the consequent. The schematic truth
conditions of a counterfactual are as follows:1

(1) A € C is true atw i� all A-worlds that are maximallyj w close tow are
C-worlds.

The literature has produced plenty of variants of classical Lewis/Stalnaker seman-
tics. In particular, so-called premise semantics frameworks are very popular in
linguistic semantics (see e.g. Veltman 1976, 2005, Kratzer 1981, 1986, 2012).2

1 Here we strike a compromise between Stalnaker's and Lewis's actual theories, using universal
quanti�cation like Lewis but making the so-called limit assumption like Stalnaker. For discussion
of the latter, see Stalnaker 1981, Kaufmann 2017.

2 For our purposes, the di�erences between comparative closeness semantics and premise semantics
are irrelevant, so we simply stick to the former. Also, we won't be concerned with how comparative
closeness should be interpreted, accounts of which vary: on some accounts (e.g. Lewis 1979), worlds
counts as closer the more they overlap in law and history (at least, roughly); on others, closeness
tracks causal dependencies (see e.g. Kaufmann 2013, Santorio 2019 for recent accounts).
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The focus of this paper is on the logical features of counterfactuals. Let us start
by noticing that counterfactuals appear to invalidate antecedent strengthening (see
(2)). Discourses that exemplify these failure, so-called `Sobel sequences', are easy to
�nd: (3) is a classical example. (3) shows that counterfactuals are nonmonotonic in
the antecedent position: adding information to a counterfactual antecedent doesn't
generally preserve truth value.

(2) Failure of Antecedent Strengthening : A € C ~à A� € C (with A� à A)

(3) If this match was struck, it would light.
If it was struck and it was wet, it wouldn't light.

The failure of Antecedent Strengthening is part of a cluster of related logical
features, which set apart natural language counterfactuals from other conditional
operators in extensional and modal logics (like e.g. the material conditional and
the strict conditional).3

Semantics based on a notion of minimal change are designed just to account
for these features. For illustration, here is how minimal change semantics explain
the consistency of (3). It may be that the closest worlds where the match is struck
are all worlds where the match is dry. In this case, the conditionals in (3) quantify
over sets of worlds that are entirely distinct. So it is possible that the match lights
in all of the former worlds, and doesn't light in all of the latter worlds, making (3)
consistent.

It's also helpful to point to a principle that all standard semantics based on
comparative closenessdovindicate (see Kraus et al. 1990).4

(4) Negated Conjunction :  A € C,  B € C à  ˆA, B• € C

This principle is obvious, if we assume a standard Boolean meaning for the con-
nectives, and a comparative closeness semantics for counterfactuals. The closest
 ˆA, B•-worlds are a subset of the union of the closest A-worlds and the closest
 B-worlds. Now, suppose that both the closestA-worlds and the closestB-worlds
are C-worlds. It immediately follows that the closest ˆA, B•-worlds are also
C-worlds.

3 For discussion, see Stalnaker 1968, Lewis 1973a. For attempts at reconciling the data with a
monotonic semantics, see the dynamic accounts in von Fintel 2001 and Gillies 2007.

4 Negated Conjunction is classically equivalent to the following:

(i) Disjunction : A € C, B € C à A- B € C

Disjunction is often explicitly appealed to in counterfactual logics. For example, it is axiom (A4)
in the axiomatization in Burgess 1981.
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1.2 A classical problem: Simpli�cation

Many contemporary debates about counterfactuals and alternatives have their roots
in a classical problem �rst raised by Fine (1975). Fine observes that counterfactuals
with disjunctive antecedents seem to entail the `simpli�ed' counterfactuals with
the individual disjuncts as antecedents.

(5) If John had taken Syntax or Semantics, he would solve this exercise.
  If John had taken Syntax, he would solve this exercise.
  If John had taken Semantics, he would solve this exercise.

Examples like (5) seem to suggest that (6) is a valid principle of counterfactual logic.

(6) Simpli�cation : ˆA- B• € C à A € C, B € C

Unfortunately, comparative closeness semantics does not validate Simpli�cation,
nor can it be tweaked to validate it without substantial consequences. The reason
is that Simpli�cation is inconsistent with two logical principles that standard
semantics validates.

(7) Substitution : A € C àà Aœ€ C (with A andAœlogically equivalent)

(8) Failure of Antecedent Strenghtening : A € C ~à A� € C (with A� à A)

To illustrate why Simpli�cation triggers a failure of Substitution or a validation
of Antecedent Strengthening, notice thatA is classically equivalent toA- ˆA, B•.
For example,Alice runsis equivalent toAlice runs, or Alice and Bob run. Now, via
Substitution the following two counterfactuals are predicted to be equivalent:

(9) If Alice ran, Charlie would run.

(10) If Alice ran, or Alice and Bob ran, Charlie would run.

But from (10), via Simpli�cation, we can infer:

(11) If Alice and Bob ran, Charlie would run.

Which is a strengthening of (9). The same maneuver can be repeated for any
strengthening of (9).

In the face of this problem, theorists have split into two camps. The �rst camp
tries to accommodate Simpli�cation as a broadly pragmatic e�ect (see e.g. Klinedinst
2007, Klinedinst 2009, Franke 2011, Bar-Lev 2018, Bar-Lev & Fox 2020). The second
camp tries to account for Simpli�cation by weakening or rejecting Substitution
altogether (see e.g. Alonso-Ovalle 2009, Santorio 2018, Willer 2018). Ciardelli et al.'s
(2018b) proposal falls in this second camp.
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1.3 The novel challenges

Ciardelli, Zhang, and Champollion (2018b; henceforth, CZC) present experimental
results that call into question two aspects of standard semantics. We �rst review
the experiment, and then explain each of the two challenges. CZC report one main
experiment, preceded by two pre-tests and followed by three post-hoc tests. Here
we summarize their main experiment, and discuss one of the post-hoc tests in the
next subsection.

CZC's participants were presented with a description of a scenario involving a
lightbulb and two switches, together with a picture (Figure 1).5 The description
explains that the light is on whenever the two switches, A and B, are in the same
position (both up, or both down). Participants are asked to provide a truth-value
judgment (truth-value judgment), choosing between `true', `false', or `indeterminate'
on a sentence from one of the �ve conditions in (12).6 The results are summarised
in Table 1.

Figure 1 Picture context of CZC's main experiment.

(12) a. If switch A was down, the light would be o�. Ā € C
b. If switch B was down, the light would be o�. B̄ € C
c. If switch A or switch B was down, the light would be o�.̂ Ā- B̄• € C
d. If switch A and switch B were not both up, the light would be o�.

 ˆA, B• € C

5 The �gure was adapted by CZC from multiway switches, Colin M.L. Burnett, CC BY-SA 3.0, via
Wikimedia Commons.

6 Ciardelli et al. (2018b) also included a �ller sentence:

(i) If switch A and switch B were both down, the light would be o�.

Ciardelli et al. (2018b) assume that, given the scenario, the only acceptable truth-value judgment
response for (i) is `false'. 38% of their participants failed to give this response and were consequently
excluded from analysis.
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e. If switch A and switch B were not both up, the light would be on.
 ˆA, B• € C̄

Sentence # Responses True % False % Indet. %

Ā € off 256 169 66.02% 6 2.34% 81 31.64%
B̄ € off 235 153 65.11% 7 2.98% 75 31.91%
ˆĀ- B̄• € off 362 251 69.33% 14 3.87% 97 26.80%
 ˆA, B• € off 372 82 22.04% 136 36.56% 154 41.40%
 ˆA, B• € on 200 43 21.50% 63 31.50% 94 47.00%

Table 1 Results from CZC's main experiment.

Their results, if taken at face value, raise two main challenges. Let's see each of
them in turn.

1.3.1 Failure of Substitution for De Morgan equivalents

The �rst challenge is that the results appear to illustrate a failure ofSubstitution .
In standard propositional logic, the disjunction of two negations and the negation of
a conjunction are equivalent (this is one of the so-called `De Morgan equivalences').

(13) De Morgan Equivalence :  A-  B àà  ˆA, B•

For illustration, the two sentences in (14) are predicted to be De Morgan equivalent
(assuming that connectives in natural language work as in classical propositional
logic).

(14) a. Swith A is not up or Switch B is not up.
b. Switch A and Switch B are not both up.

Hence, if Substitution holds and connectives in natural language have their Boolean
meanings, we expect counterfactuals of the formˆĀ- B̄• € C and ˆA, B• € C
((12)-c and (12)-d in CZC's experiment) to be equivalent (on the assumption that
Switch A is not upand Switch A is downare equivalent in meaning). Yet these
counterfactuals are judged to be true at very di�erent rates (69.33% vs 22.04%). So
Substitution seems to fail. In particular, it seems that (12)-c does not entail (12)-d.

(15) De Morgan Failure in Counterfactuals :
ˆ  A-  B• € C ~à  ˆA, B• € C
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Sentence # Responses True % False % Indet. %
 A € C 36 27 75.00% 1 2.78% 8 22.22%
 B € C 43 28 65.12% 7 16.28% 8 18.60%
ˆ A-  B• € C 80 48 60.00% 16 20.00% 16 20.00%

Table 2 Results from one of the follow-ups by CZC.

1.3.2 Failure of Negated Conjunction

The second challenge is related to Negated Conjunction, repeated from above:

(16) Negated Conjunction :  A € C,  B € C à  ˆA, B• € C

(16) is also called into question by CZC's data. In particular, notice that (12)-d is
endorsed at a much lower rate (22%) than the corresponding counterfactuals with
simple negated antecedents in (12)-a and (12)-b (66% and 65%, respectively). CZC
take this to be a strike against all counterfactual semantics based on a notion of
minimal change. They suggest dropping altogether the idea that counterfactuals
quantify over minimally di�erent worlds, and switching to a di�erent kind of
semantic theory that incorporates causal notions, `background semantics'. For
reasons of space here we won't discuss background semantics. Rather, we will
focus on CZC's empirical claim that Negated Conjunction is invalidated.7

1.4 Other data, 1/2: CZC's follow up

In addition to their main experiment, CZC ran a number of follow-up experiments.
The most relevant for us was intended to control for the e�ects of overt negation.

The set of sentences that CZC use for this follow-up is:

(17) a. If switch A was not up, the light would be o�. Ā € C
b. If switch B was not up, the light would be o�. B̄ € C
c. If switch A or switch B was not up, the light would be o�.̂ Ā- B̄• € C

Their results are summarized in Table 2.
The main result is that 60% of their participants judged the sentence with

7 We should notice that abandoning the requirement of minimal change is technically compatible
with preserving a notion of comparative closeness in the semantics. See e.g. the semantics in
Santorio 2019, Icard 2017; CZC's semantics can be seen as a semantics in a similar vein. See also
Schulz 2019 for discussion. What the failure ofNegated Conjunction establishes is that we cannot
evaluate counterfactuals against a�xed closeness ordering, i.e. an ordering that is una�ected by
counterfactual suppositions.
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negated disjuncts true. We should �ag that, for this follow-up, the exclusion rate
of the participants (based on a judgment about a �ller sentence that is uncontro-
versially false in the scenario) is very high, i.e. 71.66%. The reason behind this
is unclear. CZC themselves conjecture that, with the addition of negation the
sentences might have been harder to process, and participants might have been
confused. We suspect that, in part, this is also due to the fact that their scenario is
fairly complex and di�cult to understand. Part of the motivation for our project is
providing participants with a simpler and more intuitive scenario.

1.5 Other data, 2/2: Schulz's experiment

Schulz 2019 runs a follow up experiment, building on CZC's main experiment.
Participants were presented with a modi�ed switches scenario, in which switch A
is up, switch B is down, and in addition the electricity is not working (see Figure 2).

Figure 2 Picture context of Schulz's (2019) main experiment.

The task for participants was to evaluate a few sentences via a slider with �ve
positions, the �rst of which is labeled `true' and the last of which is labeled `false'.
The key target sentence is:

(18) If the electricity was working and switch A and switch B were not both
up, then the light would (still) be o�.

Schulz reports that 59% of her participants rate the sentence as false (26% rate as
true, and 15% as indeterminate).

We won't have space to discuss extensively the predictions for Schulz's target
sentence here. (In particular, we are not going to discuss in detail the predictions
that CZC's account makes for (18), since these predictions crucially depend on a
part of their theory, the `background semantics', which we don't examine in detail.)
But we will add (18) as one of the data points to explain.8

8 Another relevant experiment is in McHugh & Cremers 2019. McHugh and Cremers use a further
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2 The current study

This paper aims at pushing forward the debate, both on the experimental and
the theoretical side. On the experimental side, we use a new and more intuitive
scenario, and supplement the truth-value judgment task with a new task, on which
participants are asked to select a picture matching a counterfactual antecedent.
On the theoretical side, we investigate the role of overt negation in the generation
of alternatives. In particular, our experiments aim at distinguishing a view on
which negation does not introduce any new alternatives (call this the `Classical
Negation' view) and a view on which negation introduces alternatives, on a par
with disjunction (call this the Àlternative Negation ' view).

Let us give a quick overview of what's to come. The �rst key data point we
investigate concerns the comparison between two conditionals with disjunctive
antecedents. One involves a simple disjunction of two sentencesĀ and B̄ (as
in (19-a)), the other a disjunction of two sentences that involve overt negation,
i.e. sentences of the form A and  B (as in (19-b)). The two disjunctions are
equivalent in a standard truth conditional framework, and di�er merely because of
the presence of overt negation.

(19) a. ˆĀ- B̄• € C
b. ˆ  A-  B• € C

The Classical Negation hypothesis predicts that the sentences in (19) should be
equivalent, while the Alternative Negation view is compatible with the existence
of a di�erence, arising from the alternatives introduced by overt negation in(19-b).
Our Exp. I and III test these predictions.

The second data point we investigate concerns counterfactuals whose an-
tecedents involve no binary connectives, and which di�er only with respect to the
presence of overt negation. I.e., we investigate pairs of sentences like the following:

(20) a. Ā € C
b.  A € C

Again, the Classical Negation approach predicts no di�erence between the two,
while the Alternative Negation approach is compatible with a di�erence in meaning
between (20-a) and (20-b). We test these predictions in Exp. II.

Here are our results, in summary. Exp. I shows that counterfactuals like(19-b)
are evaluated di�erently from their counterpart involving no overt negation, in

elaboration of the CZC scenario to test for cases involving double negation. They take their results to
support a version of Schulz's (2019) account. For reason of space, we do not discuss their experiment
in detail; we leave it to the reader to check that the theory in Ÿ4, modi�ed as they suggest, can
account for their predictions as well.
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(19-a). This �nding is replicated and re�ned in Exp. III, where the scope of negation
with respect to disjunction is explicitly controlled for. In Exp. II, we �nd again that
there is a di�erence between counterfactuals that involve overt negation and those
that don't, even in absence of binary connectives. Again, this is in line with the
predictions of the Alternative Negation approach, but con�icts with the Classical
Negation view. Finally, in Exp. IV, we assess the general e�ect of overt negation on
judgments about this type of sentences. While we �nd an e�ect of overt negation,
this e�ect is too small to account for the full di�erences we �nd between positive
and negative sentences involving counterfactuals.

As we discuss below, these �ndings partially con�rm and partially con�ict
with CZC's conclusions. On the one hand, our results, like CZC's, suggest that
Substitution fails in counterfactual antecedents. On the other hand, our results are
consistent with the validity of the Negated Conjunction inference. On the basis
of these results, we argue that a semantics based on minimal change should be
maintained after all, coupled with a version of the alternative negation approach.

After discussing our experimental �ndings, we propose a semantics for coun-
terfactuals that accounts for all experimental results in the literature, as well as
our own. The key move is that negation introduces alternatives, in a similar way
to disjunction. Di�erently from what happens in standard inquisitive systems,
alternatives are partially determined by the question under discussion (QUD). This
builds on the idea, frequently encountered in the literature, that negation interacts
with various alternative-sensitive mechanisms in natural language.

The rest of the paper is organised as follow. In Ÿ3, we report the experiments
and discuss their results. In Ÿ4 we propose our account, and in Ÿ5 we compare it to
all the others. We conclude the paper in section Ÿ6.

3 Experiments

3.1 Overview of the Experiments

Our experiments follow up on Ciardelli et al.'s (2018b) study, but with three key
changes: (i) we use a simpler, easy-to-understand scenario involving intuitive
physics,9 (ii) we manipulate negation more systematically; and (iii) we add a picture
selection task to the truth-value judgment task to probe the conceptualization of
the antecedents, as a proxy to further understand which alternatives are considered
in evaluating the counterfactuals we investigate.

9 The intuitiveness of the scenario is particularly important here, because performance on tasks
judging conditional scenarios has been shown to vary systematically depending on how intuitively
accessible their content is (e.g., Sperber et al. 1995, Fiddick et al. 2000).
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Figure 3 Structure of the experiments below. The basic scenario depicts two twins who
are trying to balance a see-saw. Instructions varied only slightly between
studies and conditions (see Methods sections below).

In all of the experiments described below, we use the scenario in Fig. 3. In this
scenario, two twins named Arthur and Bill are trying to balance a see-saw. The
introduction explicitly mentions the relevant counterfactual possibilities (i.e. `They
�gured they can either both be on the left, both on the right ...' etc; see Fig. 3).

The critical sentences contain combinations of disjunction, conjunction, and
negation in the antecedent of the counterfactuals. Our studies probe participants'
intuitions on the the same conditions as in Ciardelli et al.'s (2018b) study, but in
addition, explicitly and separately addressing the roles of negation (Exp. I, e.g. (28)),
the presence and absence of connectives (Exp. II, e.g. (22)), wide and narrow scope
(Exp. III, e.g. (23)), and the presence and absence of counterfactuality itself (Exp. IV,
e.g. (24)).

(21) If Arthur or Bill were not on the left, the see-saw would be balanced.
negative disjunction ˆ A-  B• € C

(22) If Arthur was on the right, the see-saw would be balanced.
simple positive Ā € C

(23) If Arthur was not on the right or Bill was not on the right, the see-saw
would be balanced.

12


