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Abstract A sentence containing disjunction in the scope of a possibility modal,

such as Angie is allowed to buy the boat or the car, gives rise to the free choice

inference that Angie can freely choose between the two. This inference poses a

well-known puzzle, in that it is not predicted by a standard treatment of modals

and disjunction (e.g., Kamp 1974). To complicate things further, free choice tends

to disappear under negation: Angie is not allowed to buy the boat or the car doesn’t

merely convey the negation of free choice, but rather the stronger double prohi-

bition reading that Angie cannot buy either one. There are two main approaches

to the free choice-double prohibition pattern in the literature. While they

both capture the relevant data points, they make a testable, divergent prediction

regarding the status of positive and negative sentences in a context in which Angie

can only buy one of the two objects, e.g., the boat. In particular, the implicature-

based approach (e.g., Fox 2007, Klinedinst 2007, Bar-Lev & Fox 2017, 2020) predicts

that the positive sentence is true in such a context, but associated with a false

implicature, while it predicts the negative sentence to be straightforwardly false.

The homogeneity-based approach in Goldstein (2019) predicts both the positive

and negative sentences to be equally unde�ned (see also Aloni 2022 and Willer

2017 for similar predictions). Investigating the contrast between these sentences

in such a context therefore provides a clear way to address the debate between

implicature and non-implicature accounts of free choice. We present a set of four

experiments aiming to do just this, by comparing free choice inferences to regular

implicatures, using a ternary judgment task. The results overall present a challenge

for the implicature approach. We discuss how the implicature approach could be

amended to account for our results, based on a recent proposal by Enguehard &

Chemla (2021) on the distribution of implicatures.
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1 Introduction

A sentence containing disjunction in the scope of a possibility modal, such as (1a),

gives rise to the so-called free choice inference in (1b), conveying that Angie is

allowed to buy the boat and that she is allowed to buy the car. That is, she can

freely choose between the two.

(1) a. Angie is allowed to buy the boat or the car.

b. ↝ Angie can choose between the two free choice

This inference poses a well-known puzzle, in that it is not predicted by standard

treatments of modals and disjunction.
1

To complicate things further, free choice

tends to disappear under negation: the corresponding negative sentence in (2a)

doesn’t merely convey the negation of free choice; rather, it conveys the stronger

double prohibition reading, conveying that Angie cannot buy either one.

(2) a. Angie is not allowed to buy the boat or the car.

b. ↝ Angie is not allowed to buy either one double prohibition

There are two main approaches to the free choice-double prohibition pattern

in the literature. One is based on deriving free choice as an implicature, while

the other either encodes it in the meaning of disjunction or the modal, or treats it

as a pragmatic inference of a di�erent kind. Both approaches can account for the

basic cases above, as well as a variety of more complex data. They di�er, however,

with respect to a simple prediction regarding the status of sentences like (1a) and

(2a) in a context where Angie can only buy one of the two objects, e.g., the boat. In

particular, the implicature approach predicts the positive case to be a true sentence

with a false implicature, while it predicts the negative case to be straightforwardly

false in such a context. The non-implicature approach, on the other hand, predicts

both cases to be equally unde�ned. Comparing these sentences in such a context,

therefore, provides a clear way to address the debate between implicature and

non-implicature approaches to free choice.

We present a set of four experiments aimed at testing these predictions, using

a ternary judgment task (see Katsos & Bishop 2011, Abrusan & Szendroi 2013, Križ

& Chemla 2015, Tieu et al. 2017a, Renans et al. 2018, Tieu et al. 2019, among others)

to target unde�nedness.

Experiment 1 focused on the comparison between free choice disjunction and

plain disjunction as in (3a), the exclusivity inference of which is less controver-

sially analyzed as an implicature (3b).

1 See Kamp (1974) and much subsequent work, as well as Meyer (2018) for a detailed overview of the

problem.
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(3) a. Angie bought the boat or the car.

b. ↝ Angie didn’t buy both the boat and the car implicature

Experiments 2a and 2b compared free choice disjunction to the not required to
implicature of weak modals, as in (4).

(4) a. Angie is allowed to buy the boat.

b. ↝ Angie is not required to buy the boat implicature

In Experiment 3, we addressed potential confounds associated with Experiments 1,

2a, and 2b, and compared free choice ‘any’ to the quanti�er ‘some’.

(5) a. Angie is allowed to buy any of the food items.

b. ↝ Angie can choose between the food items free choice

(6) a. Angie bought some of the food items.

b. ↝ Angie didn’t buy all of the food items implicature

To anticipate the results, all four experiments revealed a signi�cant interaction

between inference type and polarity, suggesting free choice and scalar implicatures

do not pattern in the same way with respect to polarity. Along the way, however, we

also �nd that the interpretation of the ternary judgment task has its own challenges

that need to be controlled for. We discuss the methodological implications of our

study, and, on the theoretical side, how the implicature approach could be amended

to account for our results, based on a recent proposal by Enguehard & Chemla

(2021) on the distribution of implicatures.

The rest of the paper is organized as follows. In Section 2, we provide further

background on the free choice-double prohibition pattern, outlining the two

approaches and their predictions. In Section 3, we brie�y discuss some relevant

previous studies. We present our experiments in Sections 4, 5, and 8, and in Section

9 we discuss the implications of the �ndings for theories of free choice, including

how the implicature approach might be further developed to account for the results.

Section 10 concludes the paper.

2 Background

2.1 Free choice

As mentioned, a sentence like (1a) and its negation in (2a) pose a challenge for

standard treatments of modals and disjunction. To illustrate the pattern more

schematically, a con�guration like (7a) gives rise to the conjunctive free choice

inference in (7b). Its negation in (8a) gives rise to a conjunctive double prohibition

inference, which is stronger than the negated free choice inference (which would
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correspond to: ¬◇B∨¬◇C).

(7) a. ◇(B∨C)
b. ◇B∧◇C free choice

(8) a. ¬◇(B∨C)
b. ¬◇B∧¬◇C double prohibition

In addition, the negated free choice reading re-emerges in cases like (9), in which a

double prohibition reading of the �rst sentence would lead to a contradiction

with the continuation. The coherence of (9) indicates that the �rst sentence is read

with a negated free choice reading.

(9) Angie isn’t allowed to buy the boat or the car. She’s only allowed to buy the

boat!

Relatedly, the free choice inference can also be suspended in cases like (10), where

a free choice reading of the �rst sentence would lead to a contradiction with the

second one. The coherence of (10) again tells us that the �rst sentence can be read

as not entailing free choice.

(10) Angie is allowed to buy the boat or the car. I don’t remember which one.

Any approach to the free choice-double prohibition pattern not only has to

predict free choice in the positive case and double prohibition in the negative

one, but it also needs to account for the absence of such double prohibition and

free choice readings in cases like (9) and (10), respectively.
2

We turn now to the

two main approaches in the literature.

2.2 Two approaches

2.2.1 The implicature approach

The most prominent approach in the literature is based on a theory of implica-

tures and comes in di�erent versions (e.g., Kratzer & Shimoyama 2002, Fox 2007,

Klinedinst 2007, Chemla 2010, Franke 2011, Santorio & Romoli 2017, Bar-Lev 2018,

Bar-Lev & Fox 2020, Del Pinal et al. 2022). Without going into the details of the

implementation, this account is based on three main ingredients: (i) a standard

meaning for disjunction and possibility modals, (ii) an implicature-generating algo-

rithm, which we can refer to as ‘exh’, and (iii) a(n independently required) principle

regulating the distribution of exh, which bans or strongly disfavors exh under

2 The puzzle, in fact, extends more generally beyond the positive/negative dichotomy, to upward-

versus downward-entailing environments; see Fox (2007), among others, for discussion.
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negation, as in (11) (see, among others, Chierchia et al. 2012 and Fox & Spector

2018).

(11) Do not insert exh in a sentence S if the resulting meaning is weaker than

that of S, unless forced to.

Theories di�er in how they conceive of and de�ne exh, how many exh operators

one needs, and in which positions they must occur in order to generate free choice.

These di�erences will not be important for our purposes. What is relevant for us is

that exh gives rise to free choice as an implicature.

To illustrate how this approach works, let us return to the positive case in (1a),

repeated schematically below in (12).

(12) ◇(B∨C) =◇B∨◇C literal meaning

The literal meaning of (12) does not entail free choice; in fact it is simply equivalent

to ◇B∨◇C (there is at least one between the boat and the car that Angie is allowed

to buy).

The weak meaning in (12), when negated, immediately gives rise to the strong

double prohibition reading: (13) entails ¬◇B∧¬◇C (Angie is not allowed to

buy the boat and she isn’t allowed to buy the car).

(13) ¬[◇(B∨C)] = ¬◇B∧¬◇C double prohibition

To generate free choice, exh is added to the positive sentence, generating the

desired inference as an implicature.

(14) exh[◇(B∨C)] =◇B∧◇C free choice

Moreover, the principle in (11) prevents, or makes it very hard for exh to appear in

the scope of negation, which would otherwise give rise to a negated free choice

reading, (15), rather than the stronger double prohibition above in (13).

(15) *¬[exh[◇(B∨C)]] = ¬◇B∨¬◇C negated free choice

The derivations of the di�erent meanings are schematized in Table 1.

Finally, the implicature approach can also account for the absence of free

choice and double prohibition in cases like (9) and (10). The latter can simply be

a case in which exh is not added to (12), giving rise to the weaker literal meaning

that does not entail free choice. This meaning is compatible with the continuation,

where the speaker is explicit about being ignorant as to which of the boat and the

car Angie is allowed to buy. (9) would be a case in which exh does appear under

negation (in the formulation of (11), exh is allowed to appear under negation even
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literal meaning implicature result

pos ◇(B∨C) =◇B∨◇C exh(◇(B∨C)) =◇B∧◇C ◇B∧◇C
neg ¬◇(B∨C) = ¬◇B∧¬◇C *¬(exh(◇(B∨C))) = ¬(◇B∧◇C) ¬◇B∧¬◇C

Table 1 Derivation of the free choice-double prohibition pattern under the

implicature account.

if it leads to weakening, when this is ‘forced’ by the context). In this case, the

potentially contradictory continuation would force exh to appear under negation,

giving rise to the negated free choice meaning in (15), which is compatible with

the rest of the sentence and can therefore account for the felicity of (9).

In sum, given standard assumptions about the meanings of modals and dis-

junction, along with a theory of implicatures and a principle that regulates their

distribution, the implicature approach can account for the free choice-double

prohibition pattern as well as cases in which these readings are absent. We turn

now to the alternative, non-implicature approach.

2.2.2 A non-implicature approach: homogeneity

The implicature approach is not the only theoretical option available for explain-

ing the free choice-double prohibition pattern (see Zimmerman 2000, among

others). Recently, a variety of alternative accounts have been proposed (e.g., Aloni

2007, Fusco 2015, Starr 2016, Willer 2017, Rothschild & Yablo 2018, Goldstein 2019,

Aloni 2022). For concreteness, we focus on the homogeneity account in Goldstein

(2019).
3

As far as we can see, however, the main points below apply to most of the

non-implicature accounts; see also Aloni (2022) for discussion of how our results

can be accounted for under her approach.

The homogeneity account is based on four ingredients: (i) a strong meaning

for sentences like (1a), which directly asserts free choice, (ii) a homogeneity

presupposition requiring that either all alternatives are possible or none of them

are, (iii) an operator that has the e�ect of cancelling the strong free choice

meaning, and (iv) another operator that can suspend double prohibition.

To illustrate, consider the positive case in (16a). Given (i), free choice is

directly entailed.
4

In addition, (16a) also presupposes homogeneity, as in (16b)

(which in this case is entailed by the asserted free choice meaning).

3 More speci�cally, we focus on his �rst account, based on alternative semantics.

4 See Goldstein (2019) for two possible ways of implementing this compositionally, by tweaking the

standard meaning of modals or that of disjunction.
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(16) a. ◇(B∨C) =◇B∧◇C free choice

b. ◇B↔◇C homogeneity

While this approach directly captures free choice by encoding it in the meaning

of the positive sentence, it fails to immediately account for double prohibition.

This is because in the negative case in (17a), the asserted meaning is now simply

the negation of free choice. However, the latter, in combination with the homo-

geneity presupposition in (17b) (which projects through negation), gives rise to

the desired double prohibition reading in (17c).

(17) a. ¬◇(B∨C) = ¬(◇B∧◇C) negated free choice

b. ◇B↔◇C homogeneity

c. ¬◇B∧¬◇C double prohibition

Finally, the homogeneity approach can capture examples like (9) and (10) by

introducing two additional mechanisms. The �rst is an operator ‘!’ that has the

e�ect of cancelling free choice when merged below the modal.
5

(18) ◇(!(B∨C)) =◇B∨◇C

The second is a local accommodation operator ‘A’ (invoked independently in

the presupposition literature, see Beaver (2001) and Fox (2012), among others),

which, when merged below negation, makes the homogeneity presupposition an

entailment and prevents it from projecting. The resulting meaning is the weak one

in (19).

(19) ¬[A[◇(B∨C)]] =
¬[(◇B∧◇C)∧(◇B↔◇C)] =
¬[(◇B∧◇C)] = ¬◇B∨¬◇C negated free choice

In sum, combining the asserted meaning and the homogeneity presupposition, the

homogeneity approach can capture the basic pattern, as well as the suspension

of the free choice and double prohibition readings (through the use of two

additional operators). Table 2 provides a schematic illustration of the derivations

of the di�erent meanings under this approach.

2.2.3 Summary

The two theoretical approaches we have described can account for the basic free

choice and double prohibition readings, as well as cases in which these readings

5 The operator ! essentially has the e�ect of double negation; we again refer the reader to Goldstein

(2019) for details.
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asserted meaning presupposed meaning result

positive ◇(B∨C) =◇B∧◇C ◇B↔◇C ◇B∧◇C
negative ¬◇(B∨C) = ¬(◇B∧◇C) ◇B↔◇C ¬◇B∧¬◇C

Table 2 Derivation of the free choice-double prohibition pattern under the

homogeneity account.

appear to be absent. On the empirical end of things, a variety of more complex data

points have been discussed in the literature, including free choice in the scope of

universal and negative existential quanti�ers (Chemla 2009, Van Tiel 2012, Bar-Lev

& Fox 2017, Bar-Lev 2018, Bar-Lev & Fox 2020), modi�ed numerals (Gotzner et al.

2017, to appear), free choice beyond disjunction (Chierchia 2013, Marty et al. 2021),

the interaction between free choice and presuppositions (Romoli & Santorio 2019,

Marty & Romoli 2019, Del Pinal et al. 2022), as well as the processing of free choice

(Chemla & Bott 2014) and its acquisition in young children (Tieu et al. 2016). The

jury is still out on which of the two approaches sketched above can best account

for the observed empirical landscape.
6

In what follows, we will focus on diverging

predictions of the two approaches.

Before moving on to our experimental predictions for the two approaches,

we would like to brie�y mention two other theoretical possibilities that have

been explored in the literature. The �rst is the account in Barker (2010), which

encodes free choice in the semantics while deriving double prohibition as

an implicature. This approach makes the opposite prediction of the standard

implicature approach: in a context in which Angie is only allowed to buy the boat,

a sentence like (1a) is predicted to be false, while its negative counterpart in (2a) is

predicted to be an implicature violation. In other words, this approach predicts an

asymmetry between the positive and negative free choice cases, but in the opposite

direction of the corresponding disjunction cases. As we will see below, our results

are also challenging for this kind of implicature approach. The second is a recent

version of the implicature account, proposed by Del Pinal et al. (2022), in which

the homogeneity presupposition is obtained through an implicature operator. This

approach is of interest here because its predictions essentially align with those of

the homogeneity approach in the free choice and double prohibition cases. As we

will discuss below, this aspect of the approach is in line with our results. However,

6 While the non-implicature approach can more straightforwardly account for certain observed

di�erences between free choice and other implicatures, one might argue it is more stipulative in

nature. In particular, while the implicature approach does not need any extra assumptions about the

meanings of modals and disjunction, the non-implicature approach needs to tweak these meanings

in particular ways (see Bar-Lev 2018, Romoli & Santorio 2019, and Aloni 2022 for discussion).
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given that this approach treats free choice and implicatures in the same way, it

makes the same predictions for the implicature conditions, which is rather not
in line with the clear di�erences that we observe between the free choice and

implicature conditions, across the four experiments. We will discuss this further

below.

2.3 Predictions

The two approaches we have described make similar predictions for the basic free

choice-double prohibition pattern, as well as for a variety of related data. There

is one prediction where they diverge, however, which to our knowledge has been

untested (although similar discussions exist in the context of plurals, see Križ 2015,

Križ & Chemla 2015, Tieu et al. 2017a, Renans et al. 2018). This divergent prediction

has to do with the status of the basic positive and negative cases. In particular,

recall that under the implicature approach, free choice arises as an implicature,

while double prohibition is simply a part of the literal meaning.

(1a) Angie is allowed to buy the boat or the car.

↝ Angie can choose between the two implicature

(2a) Angie is not allowed to buy the boat or the car.

↝ Angie is not allowed to buy either one literal meaning

Under the homogeneity approach, on the other hand, free choice is part of the

literal meaning, while double prohibition arises via the homogeneity presup-

position. Crucially, under this approach, both the positive and negative cases are

associated with the same homogeneity presupposition.

(1a) Angie is allowed to buy the boat or the car.

↝ Angie can buy one i� she can buy the other homogeneity

(2a) Angie is not allowed to buy the boat or the car.

↝ Angie can buy one i� she can buy the other homogeneity

The di�erences in the status of the positive and negative sentences can be brought

out in a context in which only one of the disjuncts is allowed (e.g., Angie is only

allowed to buy the boat). In this context, the homogeneity account predicts both the

positive and negative cases to be unde�ned, as their presupposition is not satis�ed.

The implicature account, on the other hand, predicts a di�erence in status across

the two polarities: it predicts the positive case to be a literally true sentence, but

with a false implicature, while it predicts the negative case to be plainly false. The

predictions are summarized in Table 3.

To sharpen the intuitions, consider the comparison with the corresponding
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Implicature Homogeneity

Positive implicature violation presupposition failure

Negative falsity presupposition failure

Table 3 Predictions of the implicature and homogeneity approaches for sen-

tences like (1a) and (2a), in contexts in which only one of the disjuncts

is allowed.

Disjunction Free choice (imp) Free choice (hom)

Positive imp violation imp violation presupposition failure

Negative falsity falsity presupposition failure

Table 4 Predictions of the implicature and homogeneity approaches for sen-

tences like (1a)/(2a) and (20a)/(21a), in contexts in which only one of

the disjuncts is allowed (for free choice) and both of the disjuncts are

true (for simple disjunction).

simple disjunction case. (20a) gives rise to an exclusivity implicature suggesting

that Angie did not buy both the boat and the car. This inference disappears under

negation: (21a) does not suggest that Angie bought both the car and the boat

or neither of them, which would be the negation of (20a) with its exclusivity

implicature. In other words, in a context in which Angie bought both the boat

and the car, (20a) is predicted to be true but with a false implicature, while (21a) is

predicted to be plainly false.

(20) a. Angie bought the boat or the car.

b. ↝ Angie didn’t buy both the boat and the car implicature

(21) a. Angie didn’t buy the boat or the car.

b. ↝ Angie didn’t buy either one negated literal meaning

We can state the predictions as follows: the implicature approach predicts a similar

pattern for the pairs in (1a)/(2a) and (20a)/(21a), re�ecting a false implicature in the

positive cases and a false literal meaning in the negative cases. The homogeneity

account, on the other hand, is compatible with a di�erence between the pairs, in

that (1a) and (2a), unlike (20a) and (21a), are predicted to have the same status (they

are both predicted to be unde�ned). These predictions can be recast as in Table 4.

Quantitatively, observing a statistical interaction between Inference Type

(exclusivity vs. free choice) and Polarity (positive vs. negative) would present
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a challenge for the implicature approach, but would be entirely in line with the

homogeneity approach. Testing these predictions gives us a simple way to distin-

guish between the two theoretical approaches. Before turning to our experiments,

we will brie�y outline some previous studies that the experiments build upon.

3 Previous studies

In recent years, a variety of studies have made use of a ternary judgment task to

investigate implicatures (Katsos & Bishop 2011, Tieu et al. 2017a, Renans et al. 2018),

presuppositions (Abrusan & Szendroi 2013, Zehr 2014), plural de�nite descriptions

(Tieu et al. 2019, Augurzky et al. 2023), donkey pronouns (Sun et al. 2019), and

counterfactuals (Marty et al. 2020).

As a task designed to test scalar implicatures (Katsos & Bishop 2011), the

idea is that the lowest valued judgment (e.g., the smallest reward) is reserved for

false sentences, the highest valued judgment (e.g., the biggest reward) is reserved

for true and felicitous sentences, and the intermediate judgment then maps to

true but infelicitous sentences, e.g., sentences with a true literal meaning but a

false implicature. This ternary judgment scale has also been used to test other

phenomena, including homogeneity in plural de�nite descriptions. Tieu et al.

(2019), building on work with adults in Križ & Chemla (2015), used Katsos and

Bishop’s ternary judgment task to investigate children’s sensitivity to homogeneity

failures associated with plural de�nite descriptions (e.g., sentences like The trucks
are blue and The trucks are not blue in a context in which only two out of four

trucks were blue). The adult controls in their study generally responded in the

same way to the positive and negative homogeneity failures — predominantly

selecting intermediate and minimal rewards.
7

In conceiving the present study then,

we intended a broader category of sentences to map to the intermediate (non-

minimal/non-maximal) response option, which could in principle include sentences

with false implicatures as well as homogeneity and presupposition failures.
8

7 Križ & Chemla (2015) presented one group of adult participants with the response options ‘Com-

pletely true’ and ‘Not completely true’, and another group with the response options ‘Completely

false’ and ‘Not completely false’. Their participants generally treated homogeneity failures as being

‘Not completely true’ and ‘Not completely false’ — indicative of a truth value gap.

8 Zehr (2014) also used a ternary judgment task to test presupposition failures such as The match
has stopped burning to describe a picture in which the match was never lit. Using the response

options ‘Completely true’, ‘Completely false’, and ‘Neither’, Zehr observed that participants opted

for either the ‘Neither’ option or the ‘Completely false’ option, but never the ‘Completely true’

option (note the parallel with the homogeneity results reported in Tieu et al. (2019)). We assume

that presupposition failures might thus map to intermediate or minimal rewards, on a ternary

response scale such as the one used in our study.
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Tieu et al. (2017a) made use of a ternary judgment task to investigate the

comprehension of plural noun phrases, comparing the multiplicity inference of

bare plurals to the exclusivity inference of disjunction. In their study, participants

saw pictures of cartoon characters deciding what to buy at the store, and heard a

puppet’s guesses as to what would or wouldn’t happen (the so-called ‘prediction’

mode of the judgment task; see Tieu et al. 2017b, among others). Participants then

saw the outcome and had to decide whether to reward the puppet with a small,

medium, or large strawberry.

In particular, on the disjunction trials, participants heard positive and negative

sentences such as (22) and (23), in contexts in which both disjuncts turned out to

be true; for example, Tiger ended up buying both the apple and the banana, leaving

behind a third object.

(22) Tiger will buy the apple or the banana.

(23) Tiger will not buy the apple or the banana.

In the target context in which both disjuncts turn out to be true, the positive

(22) ends up being a true sentence with a false implicature, while its negative

counterpart in (23) is plainly false. Participants were therefore expected to select

the intermediate reward for (22), and the minimal reward corresponding to plain

falsity for (23).

The results indeed revealed a clear contrast between plain falsity and implicature

violation. Participants favored the intermediate reward for the positive targets,

and gave mostly minimal rewards for the negative targets. This is in line with an

implicature approach to the exclusivity inference, with participants mapping the

intermediate reward to implicature violation and the minimal reward to falsity.

This result is important because it provides a baseline against which to compare

other phenomena that have also been subjected to an implicature analysis, such as

the multiplicity inferences of plural noun phrases (Tieu et al. 2017a). We will use

the same logic in the present study, comparing regular implicatures to free choice

inferences.

In the following sections, we describe our set of four experiments. Experiment

1 focused on the comparison between free choice disjunction and plain disjunc-

tion. To anticipate, the results provide suggestive evidence against the implicature

approach, but we identify a possible confound associated with intermediate reward

selections in the ternary judgment task: participants may have potentially used the

intermediate reward as a way to respond charitably to the puppet’s statements. In

Experiment 2a, we compared free choice disjunction to the weak modal is allowed
to, and in Experiment 2b we introduced training and control trials that would allow

us to circumvent the charitability confound. In Experiment 3, we compared free
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choice ‘any’ to the scalar implicature of the quanti�er ‘some’, while continuing to

include the same training and controls that would address the charitability con-

found. To anticipate, all four experiments revealed a signi�cant interaction between

inference type and polarity, counter to the predictions of the scalar implicature

account of free choice.

4 Experiment 1

4.1 Methods

4.1.1 Participants

120 participants were recruited through Proli�c and randomly assigned to the free

choice (fc) (n=60) or disjunction (or) condition (n=60). Participants were pre-

screened for native language (English), location (USA, UK), and a previous approval

rate of at least 90%. Participants were paid at an hourly rate of 10 gbp/hour. (The

study took on average 6m10s to complete.)

4.1.2 Procedure

The procedure was the same in all three experiments that we will describe. All

three experiments involved a ternary judgment task (Katsos & Bishop 2011) and

were implemented using the Qualtrics platform. Participants were directed from

Proli�c to the experiment on the Qualtrics site.

In Experiment 1, participants were given a back story about characters who

had each gone to the store. In each case, a puppet named Ra�e would make a guess

about what the character was allowed/not allowed to buy (fc condition) or about

what the character had bought/hadn’t bought (or condition). Participants then

had to decide upon seeing the pictured outcome how right the puppet had been,

by selecting a reward for the puppet. Following the method in Katsos & Bishop

(2011), we provided participants with three response options: a small strawberry

(described in the instructions as corresponding to ‘totally wrong’ guesses), a large

strawberry (for ‘totally right’ guesses), and a medium-sized strawberry (for when

the puppet’s guess was ‘in between, not totally right but not totally wrong’).

Participants indicated their response by clicking on the button that had the desired

reward on it (Figure 1).

4.1.3 Materials

Each of the trials involved a display containing three objects. In the fc condition,

we used a green circle around an object to indicate that the character was ‘allowed’
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Figure 1 Response buttons for the ternary judgment task.

to buy the object, and a red circle with a line through it to indicate an object that a

character was ‘not allowed’ to buy. Similarly, in the or condition, objects that had

been purchased were circled in green, and objects that had not been bought had a

red circle with a line through it (see Figure 2 for examples). The type of inference

(fc vs. or) was a between-subjects factor, so participants did not have to change

how they interpreted the green and red circles – this stayed the same throughout

the experiment.

In the fc condition, the critical positive and negative target sentences (e.g., (1a)

and (2a), repeated below) were presented in contexts that falsi�ed the free choice

inference, such as Figure 2 [left], in which only one of the disjuncts is ‘allowed’

(i.e. Angie is only allowed to buy the boat).

(1a) Angie is allowed to buy the boat or the car.

(2a) Angie is not allowed to buy the boat or the car.

In the or condition, the positive and negative target sentences (e.g., (24) and

(25)) were presented as guesses, to make the disjunction felicitous. The eventual

pictured outcome against which the guesses were judged (e.g., Figure 2) [right]

were incompatible with the exclusivity inference (i.e. Angie ended up buying both

the boat and the car).

(24) Angie will buy the boat or the car.

(25) Angie will not buy the boat or the car.

In addition to the target items, participants received clearly true and clearly

false (positive and negative) control items; see Figure 3 for the fc controls and

Figure 4 for the or controls.

Finally, alongside the clearly true and clearly false fc/or controls, we also

included four controls that we will refer to as ‘partial truth’ controls. These involved

cases where two objects were mentioned using a conjunction, like (26) and (27), but

the pictured context only had a green circle around one of the mentioned objects

(e.g., Nina was only allowed to buy the peach, or Nina only purchased the peach).
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Figure 2 Example visual stimuli for fc and or targets: the image on the left

would be paired with the positive and negative fc targets in (1a) (Angie
is allowed to buy the boat or the car) and (2a) (Angie is not allowed to
buy the boat or the car); the image on the right would be paired with

the positive and negative or targets in (24) (Angie will buy the boat or
the car) and (25) (Angie will not buy the boat or the car). (Actual items

varied in the character’s name and the pictured objects.)

(26) Nina is allowed to buy the peach and the carrot.

(27) Nina will buy the peach and the carrot

Given the use of conjunction, these sentences should be uncontroversially false

in the pictured contexts. Pilot experiments had revealed that some participants

might be charitable in responding to the puppet’s guesses, such that if the puppet

turned out to be right about at least one of the mentioned objects, they would

choose the intermediate reward. We reasoned that including these ‘partial truth’

controls would give us some measure of this tendency.

In total, participants received 2 training items, followed by a fully randomized

sequence of the 8 targets (4 positive, 4 negative), 8 true/false controls (2 true and 2

false positive controls, 2 true and 2 false negative ones), and 4 partial truth controls,

for a total of 20 experimental trials.
9

4.2 Results and discussion

As can be seen in Figure 5, participants primarily gave the intermediate reward

in response to both positive and negative fc targets, while they gave an asym-

metric pattern of responses to the positive and negative or targets. We �tted a

mixed e�ects cumulative link model to responses to the targets with Inference

Type, Polarity, and their interaction as �xed e�ects, and random by-participant

slopes for Polarity. Model comparisons between the maximal model and those

9 Note that every pictured context contained three objects, to avoid any potential infelicity associated

with the use of a disjunctive statement to describe a context in which there are only two relevant

objects (see Skordos et al. 2020 and Huang & Crain (2019) for relevant discussion).
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Figure 3 Example visual stimuli for the clearly true and clearly false fc controls.

The positive sentence Angie is allowed to buy the boat or the car would

be paired with the image on the left to create a true control and with

the image on the right to create a false control. The negative sentence

Angie is not allowed to buy the boat or the car would be paired with

the image on the right to create a true control and with the image on

the left to create a false control. (Actual items varied in the character’s

name and the pictured objects.)

without each of the �xed e�ects revealed a signi�cant e�ect of Inference Type

(χ2(1) = 20, p < .001), a signi�cant e�ect of Polarity (χ2(1) = 119, p < .001), and a

signi�cant interaction between Inference Type and Polarity (χ2(1) = 92, p < .001),

with participants distinguishing between the two polarities more so for or than

for fc.

The interaction between Inference Type and Polarity challenges the prediction

of the implicature approach, namely that the free choice inference and the exclu-

sivity implicature should behave similarly across polarities. There are two issues,

however, which may confound our interpretation of the results, and will motivate

our move to Experiments 2 and 3.

The �rst issue has to do with participants’ behaviour on the controls trials for

the plain disjunction or. Figure 6 displays the results for the fc and or controls.

Participants’ responses to the fc controls were as expected, with mostly maximal

rewards assigned to the clearly true controls and minimal rewards assigned to

the clearly false controls. In the disjunction condition, however, the positive true

and negative false controls elicited a relatively large proportion of intermediate

responses. These intermediate responses are surprising: in the positive case, the

context was, for example, one in which Angie bought only the boat, thus (24)

should have been judged as clearly true, and in the negative case, the same context

was paired with (25), which therefore should have been judged as clearly false.

We suspect that the observed intermediate responses to what should have been

clearly true disjunction controls may be related to potential residual e�ects of the

ignorance inference of disjunction (despite our best e�orts to circumvent the issue
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Figure 4 Example visual stimuli for the clearly true and clearly false or controls.

The positive sentence Angie will buy the boat or the car would be paired

with the image on the left to create a true control and with the image

on the right to create a false control. The negative sentence Angie will
not buy the boat or the car would be paired with the image on the right

to create a true control and with the image on the left to create a false

control. (Actual items varied in the character’s name and the pictured

objects.)

by presenting the sentences in a predictive mode rather than in description mode).

As for the intermediate responses to the negative controls, we speculate that they

might be related to participants’ preferences regarding the scope of disjunction

relative to negation. Although the intended interpretation of negation scoping over

disjunction should have led to a clear rejection of the control sentences, participants

may have been able to access the inverse scope interpretation (which turned out to

be true); participants sensitive to this ambiguity of the sentences may have thus

assigned an intermediate reward to re�ect the con�ict between the false surface

scope interpretation and the true inverse scope interpretation. We return to this

hypothesis as potentially also applying to the free choice targets in Section 9.3.2

below. For now, we take this issue as a potential confound, which motivates the

change in the scalar implicature baseline in the following experiments.

The second, more pressing issue, has to do with the partial truth controls we

included in the experiment, in which conjunctive statements were presented in

contexts that veri�ed only one of the two conjuncts, thus rendering the sentences

unambiguously false. We observed for these trials that the intermediate reward

was nevertheless selected 86.3% percent of the time in the fc condition and 85.4%

of the time in the or condition. This suggests that participants may indeed have

been adopting a kind of charitable response strategy: if the puppet turned out

to be right about at least one of the mentioned objects, participants tended to

select the intermediate reward. Importantly, on the free choice targets, one of the

mentioned objects did end up being ‘allowed’ and one ‘disallowed’. The possibility

that participants could choose the intermediate reward because the puppet turned
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Figure 5 Experiment 1: Proportion of each reward type selected in response to

free choice disjunction and plain disjunction targets.

out to be right about one of the mentioned objects thus weakens our ability to

conclude that the intermediate responses to the free choice targets actually re�ect

unde�nedness of the target sentences.

In the next three experiments, we will address each of these issues: in Experi-

ment 2a we move away from plain disjunction to another inference that has been

relatively uncontroversially treated as a scalar implicature, namely the inference

associated with the weak modal is allowed to. The implicature of the modal allows

us to avoid potential issues related to ignorance inferences of the disjunction. In

Experiment 2b, we additionally include training trials to discourage participants

from using the intermediate reward as a way of charitably rewarding ‘partially

true’ statements, which we will see signi�cantly decreases participants’ use of this

response strategy. In Experiment 3 we further attempt to circumvent the issue of

charitability, by moving to the free choice quanti�er ‘any’, with corresponding

displays of nine, rather than three objects.

5 Experiment 2a

In Experiment 2a, we compared the free choice disjunction to the deontic modal

is allowed to without the disjunction, to investigate potential di�erences in the

behaviour of the free choice inference and the not required to inference of the modal

verb, with respect to polarity. Alongside the fc condition then, we also tested
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Figure 6 Experiment 1: Proportion of each reward type selected in response to

clearly true and clearly false free choice and disjunction control items.

positive and negative deontic modal sentences like (28a) and (29a).

(28) a. Angie is allowed to buy the boat.

b. ↝ Angie is not required to buy the boat implicature

(29) a. Angie is not allowed to buy the boat.

b. ↝ Angie can’t buy the boat negated literal meaning

As before, the implicature approach to free choice would predict no di�erences

between the behaviour of the two inferences with respect to negation.

5.1 Methods

5.1.1 Participants

120 participants were recruited through Proli�c and randomly assigned to the free

choice (fc) (n=60) or modal condition (n=60). Participants were pre-screened for

native language (English), location (USA, UK), and a previous approval rate of at

least 90%. Using Proli�c’s pre-screening function, we also excluded people who had
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Figure 7 The instructions for Experiment 2 included this picture containing the

di�erent symbols that would be used in the experiment, along with

this explanation: Here is how we’ll represent the rules. Take a look at the
picture below. The red circle with the line through the hamburger means
that the character is not allowed to buy the hamburger. The green circle
around the carrot means that the character is allowed to buy the carrot.
And the black square around the cherries means that the character has to
buy the cherries.

completed Experiment 1 from participating in Experiment 2. Participants were paid

at an hourly rate of 10 gbp/hour. (The study took on average 5m33s to complete.)

5.1.2 Procedure

The task was the same ternary judgment task with three response options, as

in Experiment 1, with the puppet’s guess presented in text prior to the pictured

outcome being displayed on the page.

Because we were testing the inference of the deontic modal, the three-object

displays had to be able to represent not just possibility (green circle) and impossibil-

ity (red circle with a line through it), but also obligation. To do this, we introduced a

black box that could outline certain objects, which participants were told meant that

the character had to buy the relevant object. The relevant part of the instructions,

along with the accompanying image, is provided in Figure 7.

5.1.3 Materials

The fc condition was a replication of the fc condition from Experiment 1. Partici-

pants saw all the same items that were tested in Experiment 1: 4 positive fc targets,

20



Figure 8 Example visual stimulus for the modal targets. This image would be

paired with the positive and negative modal target sentences in (28a)

(Angie is allowed to buy the boat) and (29a) (Angie is not allowed to buy
the boat).

4 negative fc targets in contexts that falsi�ed the free choice inference, 4 positive

fc controls (2 clearly true, 2 clearly false), 4 negative fc controls (2 clearly true, 2

clearly false), and 4 clearly false conjunction controls, for a total of 20 experimental

items, presented in randomized order.

The modal condition had the same structure with a total of 20 experimental

items, but was adapted to the modal ‘is allowed to’. Participants had to judge 4

positive modal targets such as (28a) and 4 negative modal targets such as (29a),

presented in contexts like Figure 8, which falsi�ed the not required to implicature

of the deontic modal.

In addition to the target items, participants received four clearly true and four

clearly false (positive and negative) control items, as illustrated in Figure 9. Finally,

alongside the clearly true and clearly false modal controls, we also included four

‘partial truth’ conjunction controls, as in the fc condition (and as in Experiment 1).

5.2 Results

As can be seen in Figure 10, participants primarily gave the intermediate reward

in response to both positive and negative fc targets, while they gave an asym-

metric pattern of responses to the positive and negative modal targets. We �tted

a mixed e�ects cumulative link model to responses to the targets with Inference

Type, Polarity, and their interaction as �xed e�ects, and random by-participant

slopes for Polarity. Model comparisons between the maximal model and those

without each of the �xed e�ects revealed a signi�cant e�ect of Inference Type

(χ2(1) = 31, p < .001), a signi�cant e�ect of Polarity (χ2(1) = 106, p < .001), and a
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Figure 9 Example visual stimuli for the clearly true and clearly false modal

controls. The positive sentence Angie is allowed to buy the boat would

be paired with the image on the left to create a true control and with

the image on the right to create a false control. The negative sentence

Angie isn’t allowed to buy the boat would be paired with the image

on the right to create a true control and with the image on the left to

create a false control. (Actual items varied in the character’s name and

the pictured objects.)

signi�cant interaction between Inference Type and Polarity (χ2(1) = 97, p < .001),

with participants showing a greater di�erence between polarities in the modal

condition compared to the fc condition.

Responses were as expected for the clearly true and clearly false controls (Figure

11). The modal condition showed none of the unexpected e�ects observed for the

plain disjunction controls in Experiment 1.

On the partial truth controls, however, we observed a similar e�ect as in Ex-

periment 1, with participants selecting the intermediate reward for what should

have been uncontroversially false conjunctive statements 90.8% of the time in the

fc condition and 83.3% of the time in the modal condition. This suggests that in

this experiment too, participants may have been adopting a charitable response

strategy, whereby they were inclined to give an intermediate reward when the

puppet turned out to be right about at least one of the mentioned objects.
10

10 We also considered excluding participants who consistently adopted the charitable response strategy,

namely those who accepted at least three of the four false conjunctive controls; but this would have

led to the exclusion of the majority of participants, leaving only 3/60 in the free choice condition

and 7/60 in the modal condition (a 92% participant exclusion rate). This speaks to how strong the

tendency was to use the intermediate reward charitably.
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Figure 10 Experiment 2a: Proportion of each reward type selected in response to

free choice and modal targets.

6 Experiment 2b: Extra training

Experiment 2b was the same as Experiment 2a with two di�erences. First, we added

the word ‘both’ to the conjunctive controls to make them even clearer (e.g., Kai is
allowed to buy both the juice and the potato). Second, and more substantively, we

added four more training trials to the beginning of the experiment, the purpose

of which was to encourage participants to choose minimal rewards for clearly

false conjunctive statements. Before starting the test trials of the experiment,

participants thus saw a total of seven training trials. Three were clearly true/clearly

false trials and were the same as in Experiment 2a: two corresponded to clearly

true simple statements (e.g., Megan has to buy the hamburger (modal condition) /

Megan is allowed to buy the hamburger (fc condition)), while one was a clearly false

simple statement (e.g., Terry is not allowed to buy the cherries in a context where

Terry was allowed to buy the cherries). The four new conjunctive partial truth

controls involved a conjunctive statement such as Lulu is allowed to buy both the
crown and the book in a context in which Lulu was only allowed to buy the crown.

As before, accompanying each unambiguous training trial was a directive about

which of the three rewards participants should select, and why. For the partial

truth training trials, the directives were of the form: Was Ra�e right? In this case,
you should give Ra�e the smallest strawberry: Lulu WASN’T allowed to buy both!

Besides the addition of the four training trials, the design for the test phase

of the experiment was the same as in Experiment 2a. We compared the free
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Figure 11 Experiment 2a: Proportion of each reward type selected in response to

clearly true and clearly false free choice and modal controls.

choice disjunction to the deontic modal is allowed to without the disjunction, to

investigate potential di�erences in the behaviour of the free choice inference and

the not required to inference of the modal verb, with respect to polarity. As before,

the implicature approach to free choice would predict no di�erences between the

behavior of the two inferences with respect to negation.

6.1 Participants

A group of 182 participants were recruited through Proli�c and randomly assigned

to the free choice (fc) (n=91) or modal condition (n=91). Participants were pre-

screened for native language (English), location (USA, UK), and a previous approval

rate of 90-100%. Using the Proli�c pre-screening function, we also excluded people

who had previously completed Experiment 1 or Experiment 2a. Participants were

paid at an hourly rate of 10 gbp/hour. (The study took on average 7m33s to

complete.)
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6.2 Procedure

The procedure was the same as in Experiment 2a.

6.3 Materials

The materials for Experiment 2b were the same as those for Experiment 2a, aside

from the two di�erences described above: (i) the addition of four more training

trials to discourage the use of the charitable ‘partial truth’ response strategy, and

(ii) the addition of the word ‘both’ to the conjunctive partial truth controls (e.g.,

from Nina is allowed to buy the peach and the carrot to Nina is allowed to buy both
the peach and the carrot. As before, participants saw a total of 20 experimental

items, presented in randomized order.

6.4 Results

Before conducting our planned analyses, we �rst examined responses to the partial

truth control conditions, which provided a measure of participants’ tendency to

rely on a charitable response strategy of rewarding partially true statements. Inter-

mediate reward selections on the partial truth conjunctive controls corresponded

to 34% of responses in the free choice condition, and 28% of responses in the modal

condition (compared to 91% and 83% in Experiment 2a, in which we did not provide

the extra partial truth training). The relatively lower rate of intermediate responses

to the false conjunctive controls suggests that the additional training was e�ective

at reducing participants’ tendency to reward for partial truth.

We assumed that participants who, despite the training, failed to select the

minimal reward on at least three of the four false conjunctive controls were those

who might consistently use the intermediate reward charitably, and thus excluded

these participants from our planned analyses. This exclusion criterion left a total of

56/91 participants in the free choice condition and 61/91 participants in the modal

condition (a 36% participant exclusion rate, compared to what would have been a

92% participant exclusion rate in Experiment 2a, without training).

For the 56 participants in the free choice condition and 61 participants in the

modal condition, performance on the unambiguous true/false controls was as

expected (see Figure 12): minimal rewards for clearly false statements and maximal

rewards for clearly true statements. Again, the modal condition showed none of

the unexpected e�ects observed for the plain disjunction controls in Experiment 1.

Moving on to the target conditions, as can be seen in Figure 13, participants

mostly gave minimal rewards in response to both positive and negative fc targets,

while they gave an asymmetric pattern of responses to the positive and negative

modal targets. We �t a mixed e�ects cumulative link model to responses to the
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Figure 12 Experiment 2b: Proportion of each reward type selected in response to

clearly true and clearly false free choice and modal controls.

targets with Inference Type, Polarity, and their interaction as �xed e�ects, and

random by-participant intercepts. Model comparisons between the maximal model

and those without each of the �xed e�ects revealed a signi�cant e�ect of Inference

Type (χ2(1) = 8.8, p < .01), a signi�cant e�ect of Polarity (χ2(1) = 492, p < .001),

and a signi�cant interaction between Inference Type and Polarity (χ2(1) = 315, p <
.001), with participants showing a greater di�erence between polarities in the

modal condition compared to the fc condition.

On the whole, the results pattern with those of the two previous experiments,

except that we can be more con�dent in our conclusions, having set aside the partial

truth confound. After training participants away from selecting the intermediate

reward for partially true statements, and moreover excluding participants who

consistently responded charitably, we observe fewer intermediate rewards (notably

in the free choice condition). Importantly, the main interaction still stands: partici-

pants di�erentiated between the positive and negative modal statements, but not

between the positive and negative free choice statements.
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Figure 13 Experiment 2b: Proportion of each reward type selected in response to

free choice and modal targets.

7 Interim discussion

Across Experiments 1 and 2a, we found that participants primarily selected the

intermediate reward for both the positive (1a) and negative (2a) free choice sen-

tences in the target contexts. In contrast, when presented with simple disjunctive

sentences like (24) or a simple modal statement without disjunction like (28a) and

their negative counterparts (25) and (29a), in the corresponding contexts, partici-

pants exhibited the asymmetric pattern of responses expected on the implicature

approach: a preference for the intermediate reward when the (positive) sentence

was logically true but had a false implicature, and the minimal reward when the

(negative) sentence was plainly false. The parallel responses to (1a) and (2a), com-

bined with the observed divergent responses to the equivalent disjunctive and

simple modal sentences, posed a challenge for the implicature approach.

As mentioned, however, these results can also be explained as participants

having chosen the intermediate reward in an attempt to be charitable to the puppet.

That is, the puppet mentioned two things (let’s say, the hamburger and the carrot)

and she turned out to be right about one of them (the character did end up being

allowed to buy the hamburger). So, while the sentence on its free choice meaning

should not be compatible with the pictured context, there is a sense in which the

puppet’s guess was partially right, and this could underlie the observed intermediate

responses.

And indeed, corroborating the potential presence of this charitable response
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strategy, we observed a similar pattern of intermediate responses on our conjunction

controls, where no implicature was involved at all (i.e. (26) or (27)), suggesting

participants may simply have been responding charitably to the target items. This

concern highlights a di�culty with the use of the ternary judgment task, insofar as

there might be multiple explanations for why a participant opts for an intermediate

reward. It seems particularly acute in this case, however, because we are dealing

with sentences in which the puppet explicitly mentions two objects by name; when

the puppet turns out to be right about one of them, it’s easy to see the temptation

to partially reward the puppet, and the ternary judgment scale o�ers just such a

partial reward option.

With the inclusion of Experiment 2b, we arrive at the same overall �nding, but

with more con�dence: Experiment 2b controlled for the charitable partial truth

confound, by training participants away from using the intermediate reward to

be charitable, and by excluding participants who persisted in using this response

strategy. With a sizable group of participants remaining in each condition, we

nevertheless continued to observe the main interaction e�ect, with participants

failing to di�erentiate between polarities for free choice, but di�erentiating across

polarities for the scalar implicature baseline.

In Experiment 3, we will move away from disjunctive free choice statements

entirely, in a further attempt to mitigate the temptation to partially reward the

puppet. Instead, we will investigate the phenomenon of free choice using the

quanti�er ‘any’, and compare it to the scalar implicature of ‘some’. In particular,

we will use sentences like (30a) and (31a) and compare them to (32a) and (33a).

The logic is the same as outlined for the �rst three experiments: both approaches

have been extended from free choice disjunction to free choice items like any and

their predictions extend to this domain as well (see Aloni 2007 and Chierchia 2013,

among others).

(30) a. Angie is allowed to buy any of the items.

b. ↝ Angie can freely choose amongst all the items free choice

(31) a. Angie is not allowed to buy any of the items.

b. ↝ Angie cannot buy any of the items negated literal meaning

(32) a. Angie bought some of the items.

b. ↝ Angie didn’t buy all of the items implicature

(33) a. Angie didn’t buy any of the items.

b. ↝ Angie didn’t buy any of the items negated literal meaning

The hypothesis is that the larger domain of food items (we will use displays of 9

items) will encourage fewer partial truth responses. Moreover, to further strengthen

the conclusions we can draw from the data, we continue to include the additional
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partial truth/charitability training trials at the beginning of the experiment, as well

as the conjunctive partial truth controls to quantify the potential use of a charitable

response strategy, and ultimately to exclude participants who consistently exhibit

this type of charitable response. A comparison of our target conditions with and

without exclusion of the ‘partial truth’ responders will also shed light on the

potential role of this strategy in explaining our results.

While both an implicature and a homogeneity account can be extended to free

choice ‘any’, we should note that there are also di�erences between free choice

‘any’ and free choice disjunction that have been discussed in the literature. Most

notably, free choice ‘any’ is considered to be subject to more stringent licensing

constraints, and is associated with more of an ‘obligatory’ inference than free

choice disjunction (Aloni 2007, Chierchia et al. 2012). The extent to which the

results relating to ‘any’ in Experiment 3 will be able to speak to theories of free

choice disjunction is not necessarily straightforward. Concretely, the predictions

of the implicature approach for the positive condition are less clear than in the free

choice disjunction case, as we do not know how an ‘obligatory implicature’ will

map to ternary responses. Nonetheless, with these caveats in mind, we think that

this comparison is a reasonable move and may be suggestive for accounts that treat

both types of free choice inferences in a uni�ed fashion.

8 Experiment 3

8.1 Methods

8.1.1 Participants

119 participants were recruited through Proli�c and randomly assigned to the

free choice ‘any’ (n=60) and ‘some’ conditions (n=59). Participants were pre-

screened for native language (English) and location (USA, UK). Using Proli�c’s

pre-screening function, we also excluded people who had completed any of the

previous experiments. Participants were paid at an hourly rate of 10gbp/hour. (The

study took on average 7m2s to complete.)

8.1.2 Procedure

The procedure was the same as in Experiments 1 and 2a/b, with participants being

asked to judge a puppet’s guesses against the pictured outcome, using the three-

strawberry response options.
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Figure 14 Sample image accompanying the positive and negative fc ‘any’ targets

in (34a) (Angie is allowed to buy any of the items) and (35a) (Angie is
not allowed to buy any of the items).

8.1.3 Materials

To adapt the free choice condition from free choice disjunction to free choice ‘any’,

we modi�ed the images to contain a 3x3 display of nine objects, instead of three.

This would not only make the ‘any’ statements more natural, but would also allow

us to compare ‘any’ to the quanti�er ‘some’ under the same conditions.

In the free choice condition, the critical positive and negative target sentences

(e.g., (30a) and (31a), repeated below as (34a) and (35a)) were presented in contexts

that falsi�ed the free choice inference, such as Figure 14, in which only four of the

nine domain alternatives were actually ‘allowed’.

(34) a. Angie is allowed to buy any of the items.

b. ↝ Angie can freely choose amongst the items free choice

(35) a. Angie is not allowed to buy any of the items.

b. ↝ Angie cannot buy any of the items negated literal meaning

Participants in the some condition saw positive ‘some’ and negative ‘any’ target
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Figure 15 Sample image accompanying the positive and negative some targets in

(36a) (Angie bought some of the items) and (37a) (Angie didn’t buy any
of the items).

sentences (e.g., (32a) and (33a), repeated below as (36a) and (37a)), accompanied by

pictures which falsi�ed the not all implicature of ‘some’ (e.g., Figure 15).

(36) a. Angie bought some of the items.

b. ↝ Angie didn’t buy all of the items implicature

(37) a. Angie didn’t buy any of the items.

b. ↝ Angie didn’t buy any of the items negated literal meaning

In addition to the target items, participants received clearly true and clearly

false (positive and negative) control items; see Figure 16 for the fc controls and

Figure 17 for the some controls.

Finally, alongside the clearly true and clearly false fc/or controls, we also

included four ‘partial truth’ controls of the type that were included in Experiments

1 and 2a/b. To adapt the partial truth controls to Experiment 3, the items this time

involved nine pictured objects, with four of them circled (‘allowed’), such that

that the accompanying ‘every’ sentence (e.g., (38)) should be clearly false — unless

participants were adopting the charitable ‘partial truth’ response strategy.
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Figure 16 Example visual stimuli for the clearly true and clearly false fc controls.

The positive sentence Angie is allowed to buy any of the items would

be paired with the image on the left to create a true control and with

the image on the right to create a false control. The negative sentence

Angie isn’t allowed to buy any of the items would be paired with the

image on the right to create a true control and with the image on the

left to create a false control. (Actual items varied in the character’s

name and the pictured objects.)

(38) Nina is allowed to buy every item.

Additionally, in the training phase of the experiment, we followed the structure of

Experiment 2b, which meant participants saw three clearly true/clearly false simple

statements (e.g., Megan is allowed to buy the hamburger, Terry is not allowed to buy
the cherries), and four partial truth training trials (e.g., Lulu is allowed to buy every
item in a context in which she was only allowed to buy 4/9 of the pictured items).

Similarly to Experiment 2b, the directives on the partial truth training controls

were of the form: Is Ra�e right? In this case, you should give Ra�e the smallest
strawberry: Lulu ISN’T allowed to buy every item!

In total, participants received seven training items, followed by a fully ran-
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Figure 17 Example visual stimuli for the clearly true and clearly false some con-

trols. The positive sentence Angie is allowed to buy some of the items
would be paired with the image on the left to create a true control and

with the image on the right to create a false control. The negative sen-

tence Angie isn’t allowed to buy any of the items would be paired with

the image on the right to create a true control and with the image on

the left to create a false control. (Actual items varied in the character’s

name and the pictured objects.)

domized sequence of the 8 targets (4 positive, 4 negative), 12 true/false controls

(as before, we included four false controls, but this time had eight true controls

instead of four, to balance out the expected number of yes-/no-responses), and 4

partial truth controls, for a total of 24 experimental trials.

8.2 Results

Let us �rst consider the ‘every’ partial truth controls, which were the equivalent

of the conjunction controls in Experiments 1 and 2a/b. The �rst result worth

noting is that the combination of the partial truth training and the move to free

choice ‘any’ (which involved displays with more objects, and notably moving away
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from explicitly pronouncing two disjuncts), appears to have e�ectively reduced

participants’ recourse to the charitable response strategy. In response to the clearly

false ‘every’ controls, 13% of responses in the fc condition and 8% of responses in

the some condition corresponded to the intermediate reward, compared to 83–91%

intermediate reward selections for the partial truth controls in Experiments 1 and

2a.
11

To be even more conservative, for our planned analysis, we �rst used per-

formance on the partial truth controls to �lter out participants who appeared to

consistently adopt a charitable response strategy (in spite of the additional training).

We eliminated from analysis participants who selected the intermediate reward

on at least three out of the four partial truth controls. This criterion left 50/60

participants in the any condition and 53/59 participants in the some condition (a

13% participant exclusion rate, compared to the 36% exclusion rate in Experiment

2b (and a 39% exclusion rate in the pilot version of Experiment 3 that did not include

the additional training).

For the remaining 50 participants in the any condition and 53 participants in

the some condition, performance on the clearly true and clearly false controls was

as expected, as seen in Figure 18: minimal rewards for clearly false statements and

maximal rewards for clearly true statements.

As can be seen in Figure 19, participants primarily gave the minimal reward in

response to both positive and negative fc targets, while they gave an asymmetric

pattern of responses to the positive and negative some targets. We �t a mixed

e�ects cumulative link model to responses to the targets with Inference Type,

Polarity, and their interaction as �xed e�ects, and random by-participant slopes

for Polarity. Model comparisons between the maximal model and those without

each of the �xed e�ects revealed a signi�cant e�ect of Inference Type (χ2(1) =
7, p < .01), a signi�cant e�ect of Polarity (χ2(1) = 36, p < .001), and a marginally

signi�cant interaction between Inference Type and Polarity (χ2(1) = 3.7, p = .055),

with participants showing a greater di�erence between polarities in the some

condition compared to the fc condition.

8.3 Discussion

Experiment 3 replicates the �nding of a di�erence between free choice and regular

implicatures observed in Experiments 1 and 2a/b. As in Experiment 2b, we reduced

11 A pilot version of Experiment 3 without the training trials revealed 39% (fc) and 22% (some)

intermediate reward selections for the false conjunctive controls. These rates are both lower than

those observed in Experiments 1 and 2a, and higher than the ones we report above for Experiment

3 (with training), which suggests the move to ‘any’ and the presence of the additional training both

played a role in reducing participants’ recourse to the charitable response strategy.
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Figure 18 Experiment 3: Proportion of each reward type selected in response to

free choice ‘any’ and ‘some’ controls, following exclusion of ‘partial

truth’ responders.

the charitable response strategy through the addition of extra training trials, as

well as partial truth controls to exclude participants who exhibited this strategy.

As mentioned, while there are uni�ed implicature and non-implicature accounts of

free choice disjunction and free choice ‘any’, there are also di�erences between

the two, in particular in terms of the ‘obligatoriness’ of the inferences and the

constraints on their distribution. As a consequence, Experiment 3 may not test

theories of free choice disjunction as straightforwardly as Experiments 1 and 2a/b

do. Nevertheless, the comparison between the two phenomena and the very similar

results we observe, once the partial truth strategy is controlled for in the same

fashion, is rather suggestive for uni�ed accounts.

9 General discussion

9.1 The challenge

Overall, the observed di�erence between the free choice and implicature targets,

and in particular the observed interaction between Inference Type and Polarity, is
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Figure 19 Experiment 3: Proportion of each reward type selected in response

to free choice ‘any’ and ‘some’ targets, following exclusion of ‘partial

truth’ responders.

challenging for the implicature account, which predicts a similar pattern across

polarities for the two inference types. On the other hand, the results are straight-

forwardly in line with the homogeneity account, which predicts both positive and

negative cases of free choice to be equally unde�ned in the given context, and is

compatible with the observed interaction between Inference Type and Polarity.

Note that a response to the challenge against the implicature account cannot

lie (entirely) in a ‘scalar diversity’ e�ect (van Tiel et al. 2016). That is, the observed

interaction cannot be explained by appealing to a relative di�erence in the strength

of the free choice and regular scalar inferences. This line of explanation would at

most be able to account for the di�erence observed in the positive condition, but

would be silent about the di�erence observed in the negative condition.

In addition, the nature of the alternatives involved in inference computation

has been argued to play a role in observed di�erences between free choice and

other inferences, in processing and acquisition (Chemla & Bott 2014, Tieu et al.

2016; see also Marty et al. 2021); however, it is not obvious to us how appealing to

alternatives would be able to account for the present data.
12

12 An anonymous reviewer suggests that a di�erence in the prunability of alternatives could be one

possible route: if lexical alternatives (those involved in the exclusivity implicature baseline in Exper-

iment 1) are easily pruned, but the individual disjunct alternatives involved in free choice disjunction

are not prunable, this could underlie the observed ‘optional’ pattern of a mix of intermediate and
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9.2 The ternary task and partial truths

As discussed, we set out to investigate the predictions of the two approaches by

using a ternary judgment task, with the idea that the intermediate value could be

straightforwardly interpreted as re�ecting semantic unde�nedness. Along the way,

we discovered that many of our participants actually used this response option as

part of what could be described as a charitable response strategy, to reward the

puppet for being ‘partially right’. We thus introduced conjunctive controls to be

able to detect the presence of such a strategy, and in Experiment 2b and Experiment

3, provided additional training to discourage the use of such a response strategy.

In Experiment 3, we additionally moved away from free choice disjunction, to

free choice ‘any’, and used displays with a greater number of objects, to further

discourage the temptation to ‘partially reward’ the puppet. In both Experiment

2b and Experiment 3, we indeed observed less evidence for use of the charitable

strategy, and were able to exclude the relative minority of participants who persisted

with the charitable response strategy. We can thus be reasonably con�dent that

this strategy does not play a role in explaining the main �ndings.

Nonetheless, given the degree to which we observed ‘partial truth’ responses in

Experiments 1 and 2a, we think that any future studies that use the ternary judgment

task in the way we have used it here should crucially include the appropriate

controls.

9.3 Two routes for the implicature approach

As mentioned, it is not clear how one might address the challenge to the implicature

approach by appealing to the notion of scalar diversity, or to a di�erence in the

alternatives involved in computing free choice and regular implicatures. Two

possible alternative directions would be to reconsider the principle regulating the

distribution of implicatures, or going back to a wide scope explanation combined

with an hypothesis about how participants use the ternary task in the presence of

ambiguity.

maximal rewards for the implicature baseline, but mostly intermediate (‘pragmatic’) responses for

the free choice condition. While this could explain the pattern for the positive free choice items, it

cannot explain the pattern in the negative cases. For the negative items, even with such assumptions

about prunability, the scalar implicature approach predicts plain falsity, while participants tended

to select the intermediate option. Having said this, we think the strongest evidence for our claims

comes from Experiment 2b, where we better control for the partial truth strategy, and there the

intermediate responses are substantially reduced. We think further exploration of this option as

well as the relative prunability of di�erent alternatives are interesting avenues for future research.
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9.3.1 A novel constraint on implicature distribution

To illustrate, consider the standard principle in (11), which strongly disfavours the

appearance of exh in the scope of negation. As with our examples, the presence

of exh in the scope of negation weakens the meaning of the overall sentence and

is thus blocked. Consider now what would happen if we were to lift the ban in

(11): we could then parse the negative (2a) (repeated below), as in (39). The latter is

associated with the weaker negated free choice meaning, ¬◇C∨¬◇B, which

is true in the given target context (Angie doesn’t have free choice, as she can only

buy the boat).

(2a) Angie is not allowed to buy the boat or the car.

(39) not[exh[Angie is allowed to buy the boat or the car]]

= not[Angie can choose between the two] negated fc

If (39) were a viable option, then (2a) could be associated with a true reading in the

context (in addition to that in (40) without exh, which would give rise to a false

meaning instead, as seen above).

(40) not[Angie is allowed to buy the boat or the car] double prohibition

On the basis of this, one might hypothesize that the reason people gave intermediate

responses to the negative fc targets was that the target sentences were associated

with two di�erent readings, one true and one false, resulting in an intermediate

status (see Bill et al. 2018 and Bar-Lev 2021 for a similar idea).

The problem with this line of explanation is that it readily extends to the

negative disjunction case in (21a), repeated below. This is because the latter could

also be analyzed as in (41), giving rise to a weaker meaning, ¬B∨¬C, which is true

in the given context.

(21a) Angie didn’t buy the boat or the car.

(41) not[exh[Angie bought the boat or the car]]

not[Angie bought the boat or the car but not both] negated excl

Therefore, simply abandoning the principle in (11) would not allow us to account for

the di�erence between the free choice and disjunction conditions (not to mention

the fact that it would leave us without an explanation for the distribution of

implicatures). What’s needed is to replace (11) with a principle that still disallows

exh under negation in cases like (21a), but allows it in cases like (2a). A recent

proposal in the literature, Enguehard & Chemla (2021), has independently argued

for a principle that achieves exactly this. Enguehard & Chemla (2021) argue that

the standard formulation in (11) based on logical strength should be replaced
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by a constraint based on a notion of ‘connectedness’, a logical notion related to

monotonicity. Roughly, the principle in (42) makes a parse strongly dispreferred if

it doesn’t give rise to a connected meaning.

(42) Among the parses of a sentence (with or without exh), those that result in

non-connected meanings are dispreferred/marked.

Formal details aside (for which we refer the reader to Enguehard & Chemla 2021),

what is relevant here is that this proposal di�ers from the standard one precisely

in that it predicts exh not to be banned in the scope of negation with free choice,

while still predicting the standard asymmetry between positive and negative in the

case of simple disjunction.
13

Their argument is that it would intuitively be easier

to force a negated free choice reading as in (43), than the corresponding negated

exclusivity meaning in (44).
14

(43) Angie is not allowed to buy the boat or the car. She’s only allowed to buy

the boat!

(44) Angie didn’t buy the boat or the car. She bought both!

The intuitive di�erence between (43) and (44) is in line with what we observed in

our experiment, in particular with respect to the comparison between the negative

free choice and disjunction conditions. Under this hypothesis, participants would

have found it easier to read the negative fc targets with an embedded exh than

to do the same for the corresponding negative or targets. As a result, the former

had a true reading in the context, and consequently led participants to choose

the medium strawberry. This proposal presents a promising direction for making

the implicature approach compatible with our results (perhaps in combination

with considerations of scalar diversity, to account for the di�erence in the positive

conditions).

13 This is the case only if an anti-conjunctive inference is not derived (see Enguehard & Chemla 2021).

14 Both are actually possible with marked intonation, but the claim is that (43) is possible and relatively

easy without such an intonation. As Enguehard & Chemla (2021) discuss, their proposal doesn’t

account for why the negated free choice reading in (43), while possibly easier to access than

the corresponding negated exclusivity reading, is intuitively still more di�cult than the double

prohibition reading in (i).

(i) Angie is not allowed to buy the boat or the car.

↝ Angie is not allowed to buy either one double prohibition
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9.3.2 Scope and ambiguity

Another option for the implicature approach is to reconsider the possible parse of

the sentences we mentioned above in passing in the discussion of Experiment 1, in

which disjunction takes wide scope.
15

That is, both (45) and (46) could in principle

be interpreted with disjunction scoping over the modal (and negation), giving rise

to readings which we could paraphrase as Angie is allowed to buy the boat or she is
allowed to buy the car and Angie is not allowed to buy the boat or she is not allowed
to buy the car, respectively.

(45) Angie is allowed to buy the boat or the car.

(46) Angie is not allowed to buy the boat or the car.

The wide scope readings of (45) and (46) would be made true in the positive and the

negative fc target conditions, respectively, as the contexts were such that Angie

was allowed to buy the boat but not the car. If participants had accessed these wide

scope readings, they would have selected the maximal reward in these conditions,

which is not what we observed. On the other hand, under the wide scope parse,

(45) and (46) would also give rise to so-called ‘ignorance inferences’ according to

which the speaker is not certain as to whether Angie is allowed to buy the car

and whether she is allowed to buy the boat (see Sauerland 2004, Fox 2007, among

others). One could hypothesize that these ignorance inferences were the source of

the intermediate responses we observed.
16

As discussed, however, our experimental design adopted the prediction mode,

which is speci�cally conceived to control for ignorance inferences: the puppet was

making predictions about what would end up happening, which is consistent with

the puppet being ignorant as to which of the disjuncts was true. This strategy has

been employed successfully before to control for ignorance in other studies (Tieu

et al. 2017a, among others). In this paradigm, then, if participants interpreted the

sentences with the parses suggested above, they would nevertheless be expected

to select a maximal response and not an intermediate one — whether or not they

also drew ignorance inferences from the sentences. For this reason, we �nd the

story sketched above about wide scope readings and ignorance inferences being

the source of the observed intermediate responses not very plausible.

There remains, nonetheless, a possible route for the wide scope explanation,

15 We thank an anonymous reviewer for pushing us to consider this possibility in detail.

16 The theoretical situation here is complicated by the fact that, under certain conditions, the wide

scope interpretation of these sentences would in itself give rise to free choice, in which case the

prediction for this parse would be the same as that for the narrow scope disjunction (see Goldstein

2019 and Aloni 2022, among many others). We set aside this option here, given that this is not a

prediction of the implicature approach.
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which we brie�y mentioned in the discussion of the disjunction controls in Experi-

ment 1. The idea there was that when participants are faced with a sentence that

is ambiguous between two parses, one of which is true and the other of which is

false, they might judge the sentence as having an intermediate value. One could

consider a similar explanation to apply to our free choice conditions. The sentences

in the target conditions are predicted to be either plainly false or associated with

an implicature violation, under the narrow scope reading. However, if interpreted

with the inverse scope parses suggested above, they should be associated with a

maximal reward. It is therefore possible that at least some participants perceived

an ambiguity between the surface and inverse scope readings, and thus assigned

the sentences an intermediate reward, in line with our results.

Having said this, recall that Experiment 2b and Experiment 3, which included

additional training on conjunctive sentences, yielded fewer intermediate responses

to the free choice targets (and more minimal rewards). We think that this �nding,

incidentally, speaks against the hypothesis about scope sketched above, in that it is

not clear why additional training on conjunction should lead people to change their

strategy regarding scopally ambiguous sentences and the intermediate reward.

Finally, we also do not think this is how participants would judge genuinely

scopally ambiguous sentences in a ternary judgment task. For instance, when

presented with (47) in a context in which two out of three horses jumped over the

fence, we think participants would tend to access an inverse scope reading and

give the sentence a maximal reward.

(47) Every horse didn’t jump over the fence.

Some suggestive evidence in this direction comes from one of the control conditions

reported in Tieu et al. (2019), who used the ternary judgment task to investigate

homogeneity in plural de�nite descriptions in French. In their Experiment 2, they

included so-called scope ambiguity controls of the form Tous les coeurs ne sont pas
rouges ‘All the hearts are not red’ (intended interpretation: Not all the hearts are
red), presented in contexts in which two of four hearts were red. The adult controls

in the study tended to interpret the universal as scoping under the negation, and

predominantly selected the maximal reward on these trials.

10 Conclusion

A sentence containing disjunction in the scope of a possibility modal, such as

Angie is allowed to buy the boat or the car, gives rise to the free choice inference

that Angie can freely choose between the two. As discussed, this inference is

puzzling for standard treatments of modals and disjunction. In addition, free

choice tends to disappear under negation: Angie is not allowed to buy the boat or
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the car doesn’t merely convey the negation of free choice, but rather the stronger

double prohibition reading that Angie cannot buy either one. There are two

main approaches to capturing this pattern in the literature, one of which appeals

to an implicature mechanism. While both the implicature and non-implicature

approaches cover the basic pattern, and more complicated related data points, they

diverge in what they predict for the status of positive and negative sentences in

certain contexts. In this paper, we presented a set of four experiments testing these

predictions.

Experiment 1 focused on the comparison between positive and negative free

choice statements and positive and negative plain disjunctive statements. If the free

choice inference is an implicature, we should expect it to behave like the exclusivity

implicature of plain disjunction with respect to polarity. Contrary to this expec-

tation, we observed a signi�cant interaction between inference type (free choice

vs. plain disjunction) and polarity (positive vs. negative): people distinguished the

two polarities more for plain disjunction than they did for free choice. In Exper-

iment 2a, we compared positive and negative free choice to the scalar inference

of the modal is allowed to/is not allowed to. Here too, we observed a signi�cant

interaction between inference type (free choice vs. modal) and polarity (positive

vs. negative), with people distinguishing between the polarities for the modal but

not for free choice. The �ndings of both Experiments 1 and 2a run counter to the

predictions of the scalar implicature account.

However, while Experiments 1 and 2a provided some suggestive evidence

against the implicature account, we identi�ed a potential confound: participants

might have employed a charitable response strategy, o�ering the intermediate

reward when the puppet was right about at least one of the mentioned objects.

We reasoned that this strategy might be encouraged precisely by the utterance

of disjunction: the puppet speci�cally mentioned two objects and turned out to

be ‘right’ about one of them, hence the intermediate reward is appropriate. To

address this concern, we conducted Experiment 2b, which included training items

that would highlight to participants that they should not select the intermediate

reward for literally false sentences, and in Experiment 3 we turned to an instance

of free choice that does not involve explicitly pronouncing the individual disjuncts:

free choice ‘any’, and we compared this to the scalar implicature of ‘some’. And

indeed, we saw less evidence of a charitable ‘partial truth’ strategy. Moreover, our

false conjunctive controls allowed us to exclude participants who persisted in the

charitable response strategy, despite the additional training. With these controls in

place, we nevertheless again observed a signi�cant interaction between inference

type (free choice disjunction vs. the modal, free choice ‘any’ vs. ‘some’) and polarity

(positive vs. negative) — counter to the predictions of the implicature account.

The results of the full set of experiments present a challenge for the implicature
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approach but are more straightforwardly in line with the homogeneity account.

At a more general level, our results are consistent with previous �ndings in the

literature of crucial di�erences between free choice and implicatures, e.g., in their

processing and acquisition pro�les (Chemla & Bott 2014, Tieu et al. 2016).

One could take our results as providing support for a non-implicature approach;

alternatively, the �ndings might encourage us to re�ne the implicature approach,

by reconsidering, for instance, the principle regulating the distribution of the exh

operator. Regardless of the theoretical choice pursued, empirically investigating

the relative status of the positive and negative sentences provides a useful way to

address the debate between implicature and non-implicature approaches to free

choice.
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