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Abstract Bare plurals give rise to plurality inferences in positive grammatical
environments but not in negative grammatical environments. There are two main
approaches. The implicature approach analyzes plurality inferences as scalar impli-
catures, and the homogeneity approach likens them to homogeneity effects exhibited
by definite plurals. These two approaches make divergent predictions regarding the
interaction between context-sensitivity and polarity. We report on three experiments
designed to test these predictions by manipulating contexts. Our results show that the
effect of context is symmetric with respect to polarity in non-quantified sentences
but asymmetric in quantified sentences with every and no such that a larger effect
is observed with sentences with every; and that readings of quantified sentences
that are not fully plural (‘partial plurality inferences’) are available in both positive
and negative quantified sentences but their availability is not affected by context.
We discuss challenges that these results pose for the two theoretical approaches,
and argue that overall they are more straightforwardly explained by the implicature
approach.
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1 Introduction

Bare plurals in English receive either existential or generic readings. On the existen-
tial readings, they often give rise to plurality inferences, which are the main focus of
this paper. For example, (1) is read with a very robust plurality inference that Frank
opened more than one present.

(D Frank opened presents.
= Frank opened more than one present.

Plurality inferences of bare plurals have two important properties that pose chal-
lenges for a compositional semantic analysis. The first property is that they tend to
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disappear when bare plurals are interpreted in negative grammatical environments.!
For example, the meaning of the simple negative sentence in (2) is not the negation
of (1), but the negation of a number-neutral existential statement.

2) Frank didn’t open presents.
= Frank opened no present.

The second property is that plurality inferences are not strictly speaking entailments
and may be absent in certain conversational contexts (see Grimm 2011, Tieu et al.
2020 for relevant discussion and experimental data). For example, (3) can be judged
as coherent.

3) Many people opened presents. I opened presents, you opened presents. And
even Frank opened presents, namely, the only present he got.

Furthermore, negative sentences like (2) can actually be read with plurality infer-
ences, at least in some contexts and perhaps with the help of marked intonation, as
in (4).

4) Frank didn’t open presents. He only opened one.

To summarise the core observations, generally, both positive and negative sen-
tences receive stronger interpretations—with a plurality inference in the positive
and without a plurality inference in the negative—but weaker interpretations are not
impossible, at least in certain contexts. To facilitate the discussion to follow, let us
introduce the following terminology.”

5) a. A bare plural occurring in a positive grammatical environment has a
STRONG interpretation if it gives rise to a plurality inference. Otherwise,
it has a WEAK interpretation.

b. A bare plural occurring in a negative grammatical environment has a
STRONG interpretation if it does not give rise to a plurality inference.
Otherwise, it has a WEAK interpretation.

1 For the purposes of this paper, negative grammatical environments can be understood simply as
Downward Entailing (DE) environments, as the negative environments we will discuss in this paper
are two garden-variety DE environments, namely, the scope of not and no NP. Similarly, the positive
grammatical environments we will discuss are simple sentences like (1) and the scope of every NP,
so they can be simply understood as Upward Entailing environments.

2 This terminology would not be precise enough to talk about bare plurals in sentences with non-
monotonic operators and/or multiple operators that affect polarity, but we will not discuss such cases.
See the previous footnote.



Putting bare plurals into context

Broadly, there are two theoretical approaches to plurality inferences: The impli-
cature approach (Spector 2007, Zweig 2009, Ivlieva 2013, Mayr 2015, Sudo 2023)
and the homogeneity approach (Kriz 2017). As we will discuss in greater detail
below, these two approaches make divergent predictions about how context-sensitive
WEAK interpretations should be with respect to polarity. Roughly, the implicature
approach makes an asymmetric prediction that WEAK interpretations of bare plurals
in negative environments should be much harder, if not completely unavailable,
in comparison to WEAK interpretations of bare plurals in positive environments.
By contrast, the homogeneity approach assumes that WEAK interpretations of bare
plurals in positive and negative environments are brought about by one and the same
mechanism, whereby making a symmetric prediction that everything else being
equal, WEAK interpretations of bare plurals in positive and negative environments
should be similarly context-sensitive.

In this paper, we will report on three experiments that are designed to test the di-
vergent predictions of the two approaches by measuring how different conversational
contexts affect truth-value judgments of positive and negative sentences containing
bare plurals. Our main findings are as follows.

» Experiment 1 compared bare plurals in simple positive and negative sentences
like (6) presented against scenarios where the subject (e.g., Frank) only
opened one present.

(6) a. Frank opened presents.
b.  Frank didn’t open presents.

The effect of context on WEAK interpretations was largely symmetric be-
tween positive and negative sentences.

* Experiment 2 tested bare plurals in positive and negative quantified sentences
like (7) against a scenario where each boy opened only one present.

@) a. Every boy opened presents.
b. No boy opened presents.

This time, the effect of context on WEAK interpretations was asymmetric
in that it was larger for positive sentences than for negative sentences. The
effect size for positive sentences was comparable to what was observed in
Experiment 1.

* Experiment 3 tested the truth-value judgments of the same quantified sen-
tences as Experiment 2, (7), with respect to what we call partial plurality.
It is known that the positive quantified sentence in (7a) is judged as true in



a situation where some of the boys opened more than one present, and the
others only opened one. The homogeneity approach, but not the implicature
approach, analyses such partial plurality judgments as a special case of WEAK
interpretations. There are two testable predictions of this analysis. Firstly, the
negative quantified sentence in (7b) should be similarly judged as true in a
situation where some of the boys opened no presents, and the others opened
one. Secondly, for both positive and negative sentences the availability of
such partial plurality judgments should be context-sensitive in the same way
as other cases of WEAK interpretations. The results of Experiment 3 showed
no effect of context for either positive or negative sentences.

We will argue that over all these experimental results are more straightforwardly
explained by the implicature approach than by the homogeneity approach, but the
results of Experiment 1 pose certain challenges for the implicature approach. We
will discuss a possible amendment.

2 Theories of plurality inferences

Bare plurals in English receive either existential or generic interpretations (Carlson
1977, Diesing 1992, Delfitto 2006, Dayal 2011). A number of compositional theories
have been proposed to account for this ambiguity, many of which assume that bare
plurals themselves are non-quantificational and only provide variables to be bound by
a separate quantificational operator in the same sentence. Luckily for us, for the goals
of this paper, we need not make a theoretical commitment about such compositional
details, because we will exclusively focus on existential interpretations and also
because our concern is only the sentence-level meaning, so it is immaterial for us
where in the compositional derivation the existential force comes in.

It should be mentioned at this juncture that (simple) bare plurals on existential
readings are believed to always take maximally narrow scope. Theories have been
constructed to explicate this peculiar scope restriction, but for reasons just mentioned,
this compositional question does not concern us. Nonetheless, it proved to be a
practically convenient feature in designing our linguistic stimuli, as it let us not
worry about scope ambiguity. That being said, however, in light of the experimental
results, we will come back to this assumption at the end of the discussion section.

As outlined at the beginning, existential interpretations of bare plurals are often
associated with plurality inferences. In this section, we will review relevant aspects
of the two major approaches to be compared, the implicature approach and the
homogeneity approach, and highlight different predictions they make.



Putting bare plurals into context

2.1 Implicature approach

The implicature approach assumes that existential interpretations of bare plurals are
simply semantically number-neutral. This immediately accounts for the STRONG
interpretation in negative grammatical environments, but something needs to be said
about the STRONG interpretation in positive grammatical environments. To this end,
the implicature approach strengthens the meaning with a scalar implicature.

All versions of the implicature approach to plurality inferences make use of
a singular alternative formed with a singular indefinite a(n) NP in place of the
bare plural (Spector 2007, Zweig 2009, Ivlieva 2013, Mayr 2015, Sudo 2023). The
theories differ with respect to the specific ways in which this singular alternative is
used, but these theoretical details do not concern us here (see Sudo 2023 for a recent
summary). Rather, we will focus on the following key predictions that all versions
of the implicature approach commonly make.

* The distribution of plurality inferences should mirror the distribution of scalar
implicatures. In particular in the scope of negation or a negative quantifier
like no NP, scalar implicatures are generally absent by default, as illustrated
by the lack of ‘not both’ implicatures of disjunction in the surface scope
construal in (8).

8) a. The boy does not speak German or French.
b. No boy speaks German or French.

Similarly, plurality inferences should be absent by default in these negative
environments. However, to the extent that scalar implicatures can be gener-
ated in such negative environments (which may require marked intonation),
bare plurals should also be able to have plurality inferences.

* Scalar implicatures are sometimes absent in positive grammatical environ-
ments, as in (9).

9) The girl speaks German or French. The boy speaks German or French,
too. In fact, he speaks both.

This is often understood in terms of contextual relevance: In conversational
contexts where and is not relevant, the scalar implicature based on it can (and
possibly must) be absent (see, e.g., Magri 2009, Crni¢, Chemla & Fox 2015).
Correspondingly, plurality inferences of bare plurals in positive sentences
can (or must) be absent, if the singular alternative is contextually irrelevant.



* Lastly, in a positive sentence with a scalar item occurring in the scope of
every NP, two readings are considered to be available, depending on whether
the scalar implicature is computed above or below the quantifier.

(10) Every boy speaks German or French.

a. Local: Every boy speaks only German or only French.
b.  Global: Every boy speaks at least one of German and French,
and not every boy speaks both.

Correspondingly, two readings are predicted for bare plurals under every NP,
and the global reading accounts for partial plurality.’

(11) Every boy opened presents.

a. Local: Every boy opened more than one present.
b.  Global: Every boy opened at least one present, but not every
boy opened only one.

No such ambiguity is predicted for bare plurals under no NP, simply because
the global option will not lead to strengthening. Recall also that the local
reading under no NP is very marked, if possible at all.

To summarise, the implicature approach accounts for STRONG interpretations of
bare plurals in the same way as scalar implicatures triggered by scalar items like or,
i.e., the base semantic meaning accounts for the negative case and an additional scalar
inference accounts for the positive case. At the same time, the approach has some
leeway for admitting WEAK interpretations as non-default readings: In the negative,
a reading with a scalar implicature is not entirely impossible, although highly
marked (often requiring marked intonation); in the positive, when the alternative is
contextually irrelevant, WEAK interpretations should become possible.

It should be stressed that the assumed mechanisms behind WEAK interpretations
are distinct for positive and negative cases. Furthermore, it is generally considered
that finding a context where a scalar implicature of a scalar item occurring in a
positive environment is absent due to the alternative being contextually irrelevant is
easier than generating a scalar implicature in negative grammatical environments,
so much so that it is part of the definition of scalar implicatures that they are
cancellable and that they generally disappear when the scalar item is put in negative
environments.

3 The derivation of the global interpretation requires further assumptions under certain theories, e.g.,
Spector 2007.
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The first two experiments to be reported below tested this asymmetric prediction,
whilst the third tested the final point above about partial plurality.

2.2 Homogeneity approach

The homogeneity approach to plurality inferences proposed by Kriz 2017 starts with
the assumption that the semantics directly generates the STRONG interpretations for
both positive and negative sentences. Specifically, a simple positive sentence with a
bare plural is given a trivalent denotation along the lines of (12).

(12)  JFrank opened presentsKWS
=1 if Frank opened more than one present in w

= >O if Frank opened no present in w

~# if Frank opened exactly one present in w

Negation swaps the truth and falsity conditions, which results in the following
semantics for the negative simple sentence.

(13)  JFrank didn’t open presegsKW
=1 if Frank opened no present in w
= >O if Frank opened more than one present in w
~# if Frank opened exactly one present in w

In both cases, the STRONG interpretation is entailed. In other words, the homogeneity
approach captures the truth-value gap between the positive and negative sentences
directly in the core semantics using trivalency.

The important core intuition that underlies the homogeneity approach is that
bare plurals are parallel to definite plurals. Indeed, definite plurals also give rise to a
similar truth-value gap, as illustrated in (14).

(14) a. Frank opened his presents.
~ Frank opened all of his presents.
b.  Frank didn’t open his presents.
~ Frank opened none of his presents.

Kriz (2015, 2016) puts forward a trivalent theory of definite plurals that is parallel
to Kriz’s (2017) theory of bare plurals.* Specifically, the positive sentence (14a) is

4 In light of the recent surge of theoretical interests in homogeneity, it is an analytical option to
extend other theories of homogeneity developed for definite plurals to bare plurals, e.g., Bar-Lev
2021, Kriz & Spector 2021, Guerrini & Wehbe 2024. Since such theories of bare plurals based on



given the following denotation, and the negative sent€hdb)is given a similar
denotation except that the truth- and falsity-conditions are swapped.

(15)  JFrank openegshis presehts
21 if Frank opened all of his presentsvn
= 0 if Frank opened none of his presentsin
" # if Frank opened some but not all of his present&/in

One aspect of the analogy to de nite plurals that is particularly relevant for the
current paper is that de nite plurals are known to receiea-maximal readings
certain contexts. Normally, sentences with de nite plurals receive interpretations
as predicted by the truth-condition in the above trivalent analysis, but in certain
contexts, they sound true even if the predicted truth-val#fe @oncretely, consider
a context where Frank has received 9 presents from various relatives for Christmas,
but has been told by his parents to keep all the presents closed for now until all the
guests come. Suppose further he nonetheless opened 6 of them. In this context, one
can truthfully utter(14a) even though the sentence should derotéri (2015,

2016) proposes that such non-maximal readings are not to be accounted for in the
semantics, but in the pragmatics. Speci cally, he claims that in contexts where
the current conversational issue does not distinguish possible worlds in which the
sentence denotdsand certain possible worlds in which the sentence derhtie
sentence may feel “true enough' with respect to the latter possible worlds.

Kri 2017 extends this idea to bare plurals in order to account for tweirK
interpretations. As remarked above, under the homogeneity approach, the triva-
lent semantic denotations directly encode #T®ONG interpretations. On other
hand,WEAK interpretations arise by the same pragmatic mechanism that derives
non-maximal readings of de nite plurals. That is, in contexts where the current
conversational issue does not distinguish possible worlds in which the sentence
denotesl and certain possible worlds in which the sentence derbti®e sentence
may feel "true enough' with respect to the latter possible worlds, even though the
denotation of the sentence is #.

By way of illustration, imagine a scenario where the current conversational issue
at hand is whether Frank kept all presents closed, as he should, or opened any present

alternative theories of homogeneity were not available when the present project began in 2022, we do
not consider them in this paper.

5 Note that generally, possible worlds in which the sentence de#@esallowed to be heterogeneous
with respect to the conversational issue. For example, in the same context as above, consider a
possible world in which Frank opened 6 of the 9 presents he received but they happened to be all
presents from “not so important relatives', e.g., his parents and siblings, with whom he lives together.
This possible world might not make the sentence “true enough' and the sentence might judged as
neither true nor false.
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at all. With this issue in mind, let us further suppose that we've found out that Frank
did open one present, although he should not have done so. In this context, "Frank
opened presents' can be judged as true, even though it should deact®rding

to the trivalent semantics. According to the homogeneity approach, this is because
this particular possible world is pragmatically not distinguished from the possible
worlds in which the sentence is true, in resolving the current conversational issue.

Importantly, the homogeneity approach makes a symmetric prediction for the
negative simple sentence, which likewise has a trivalent denotation. That is, imagine
a context with a different issue, say, a context where we are concerned with whether
Frank opened more than one present or not, and suppose that we have found out that
Frank opened exactly one present. The homogeneity approach predicts that such a
context should be able render the negative sentence Frank didn't open presents'
“true enough' with respect to this scenario to an extent similar to the above previous
example with a positive sentence.

To summarise the discussion so far, Kri 's homogeneity approach directly en-
codes thesTRONGInterpretations in the semantics, and accountsMBak interpre-
tations using the pragmatic wiggle room created by conversational issues that render
certain cases d&f practically true for the purposes of resolving the current issue.
Crucially, the predictions are symmetric with respect to polarity in that one and the
same pragmatic mechanism governs the availabilitwBAK interpretations of bare
plurals in positive and negative sentences. This one crucial difference in prediction
from the implicature approach, and Experiment 1 to be presented below tests this
very difference.

Let us now turn to quanti ed sentences. A trivalent framework offers multiple
potential denotations for each logical operator that converge with respect to classical
truth-values { and0) but diverge with respect to the third truth-valdg.(Following
his earlier work on de nite plurals (Kri 2015, 2016), Kri (2017) uses what is
called Strong Kleene projection as a general recipe for determining the denotations
of logical operators. To save space, we will not explain what it is in the general case
or his arguments for favouring it over alternatives, as what matters for the present
paper is the predictions of the theory. Speci cally, his theory assigns the following
denotations for sentences containing bare plurals uexkaty NPandno NP,

(16) a. JEvery boy openeg preseifs
2 1 if every boy opened multiple presentsin
= 0 if at least one boy opened no preseniin
" # otherwise



b.  INo boy opengd preserits
21 ifno boy opened any presentun
= 0 if at least one boy opened multiple presents/in
" # otherwise

Analogously to the case of non-quanti ed sentences, the theory predicts that
intuitive truth-value judgments of quanti ed sentences may deviate from the semantic
denotations, depending on the conversational issue. For instance, if the current issue
is whether or not any boy opened any present at all, the universally quanti ed
sentence may be judged as “true enough', against a scenario where every boy opened
only one present. Similarly, if the current issue is whether or not every boy opened
more than one present, the negative sentence may be judged as "true enough' against
the same scenario.

Therefore, just as in the case of simple sentences, the predictions of the homo-
geneity approach abowEAKinterpretations are symmetric with respect to polarity:
Everything else being equal, both positive and negative quanti ed sentences should
be able to receive&vEAK interpretations in the pragmatics, when certain possible
worlds in which the sentence denoteare regarded as pragmatically equivalent to
possible worlds in which the sentence dendt@sth respect to the current conver-
sational issue. Recall that the implicature approach makes an asymmetric prediction
with respect to polarity such that suclw&Ak interpretation is harder, if possible
at all, to access, in comparison toMEAK interpretation of a positive quanti ed
sentence. Experiment 2 targets these diverging predictions.

In addition, Kri (2017) maintains that the same pragmatic mechanism accounts
for what we referred to as partial plurality above. That is, the universally quanti ed
sentence is judged as true with respect to a scenario where some boys opened more
than one present whilst others only opened only one. According to the trivalent
semantics ir{16a) the sentence should dendten such a scenario, but if the current
conversational issue renders this particular possible world indistinguishable from
possible worlds in which the sentence dendtésr the purposes of resolving the
issue, then the sentence may judged as true. Here, the homogeneity approach makes
markedly different predictions from the implicature approach, so let us highlight
some key differences.

» For the homogeneity approach, partial plurality is not a separate reading
of the universally quanti ed sentence in the truth-conditional sense, but is
a special case of pragmatic truths that arise from the interaction between
the trivalent denotation and the pragmatics of conversational issues. For this
reason, the truth-value judgment against a partial plurality scenario where
some boys opened more than one presents and the rest of the boys only one

10



Putting bare plurals into context

is expected to be as context-sensitive as other casgs ek interpretations.
For the implicature account, on the other hand, partial plurality is not a
case OfWEAK interpretation, but rather of sTRONGInterpretation, and no
particular effect of context is expected.

» Unlike the implicature approach, the homogeneity approach predicts that the
negative quanti ed sentence also should give rise to what corresponds to a
partial plurality reading. That is, it is predicted that with the right kind of
conversational issue, the negative quanti ed sentence should be judged as
“true enough' against a scenario where some boys opened no presents and
the others opened exactly one, and also that the truth-value judgment here
should be as context-sensitive as other cas@g=aik interpretations. The
implicature approach does not predict the negative quanti ed sentence to
be true in such a scenario, unless the plurality inference is generated in the
scope of the negative quanti er, which is a marked option.

Experiment 3 is designed to test these divergent predictions.

2.3 Summary of the divergent predictions

The two approaches make different predictions for the availability and context-
sensitivity of WEAK readings. Let us summarise below the key differences that our
experiments are designed to test.

Firstly, for simple sentences, the implicature approach makes an asymmetric
prediction with respect to polarity such that it should be easier to jitige)as
true against a scenario where Frank opened only one present than t¢jubym
be true against the same scenario. The homogenetiy approach makes a symmetric
prediction here such that the truth-value judgments of both sentences should be
equally context-sensitive.

a7) a. Frank opened presents.
b. Frank didn't open presents.

Secondly, for quanti ed sentences like (18), the two approaches make similarly
different predictions against a scenario where every boy opened only one present.

(18) a. Every boy opened presents.
b. No boy opened presents.

Note that the implicature approach predicts S@rONGreadings for(18a) but for
a ‘uniformly singular' scenario where every boy opened only one present, neither
STRONGreading is true, and onlyWEAK interpretation is true.

11



Thirdly, against a ‘mixed' scenario where some boys opened multiple presents
and the others opened only one, the implicature approach predicts the positive
guanti ed sentencgl8a)to have a truesTRONG reading as a possible reading,
and as such it does not predict a particular effect of context, beyond the general
effect on ambiguity resolution with respect to other possible readings (which include
anothersTRONGreading where the implicature is generated below the quanti er
and is truth-conditionally stronger). On the other hand, in a similarly mixed scenario
where some boys opened no presents and the others opened or{i8imes only
expected to be judged as true underW®ak interpretation, which by assumption is
very marked for the negative sentence, so the judgment pattern should be comparable
to (18b)against the "uniformly singular' scenario where every boy opened only one.
The homogeneity approach, on the other hand, makes symmetric predictions here
as well as in the previous two cases, namely, the truth-value judgments of the two
guanti ed sentences with respect to these mixed scenarios should be parallel to the
truth-value judgments with respect to the "uniformly singular' scenario where every
boy opened only one present.

3 Experiments

The divergent predictions we identi ed above are about context-sensitivity, and in
order to directly evaluate them, truth-value judgments against different conversational
contexts with different considerations about relevance and/or conversational issues
will be useful. Since introspective judgments involving systematic manipulation of
contextual factors tend to be unreliable, especially with respect to interaction effects,
formal experiments are particularly useful here.

We modelled our experiments after Romoli et al.'s (2024) experiments, which
manipulated conversational contexts in order to evaluate theoretical predictions
about the effect of context on non-maximal readings of de nite plurals. Since
they successfully observed effect of context, we decided to use the exact same
contexts they used, which are calle”diISTENTIAL andUNIVERSAL contexts. In
the EXISTENTIAL context, the conversational issue is whether or not there is any
open present, and in theNIVERSAL context, what matters is whether or not there
is any closed present. In our visual stimuli, there are at most two presents for each
individual (unlike in Romoli et al. 2024), so theNIVERSAL context is about the
issue as to whether each individual opened more than one present or not.

Following Romoli et al. 2024, we tested these contexts between participants. The
rationale is that changing the context in the course of a single experiment would be
cognitively demanding and might yield non-trivial interference effects on answers.

12
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Each context is introduced at the beginning of the experiment as a family rule for a
speci ¢ family (see the Appendix for full detail§).

(29 a. KISTENTIAL: You must keep each present you received closed!
b. UNIVERSAL: You must open each present you received!

3.1 Experiment 1: Simple sentences

The goal of Experiment 1 is to examine the availability and context-sensitivity of the
WEAK interpretations of simple positive and negative sentences like (20).

(20) a. Frank opened presents.
b. Frank didn't open presents.

We assessed truth-value judgments of these sentences on a 5-point Likert scale
against singular scenarios where the relevant individual (e.g., Frank) only opened
one of two present§Crucially, the truth-value judgment task is performed with the
EXISTENTIAL rule or theUNIVERSAL rule in mind.

Our linking hypothesis is that truth-value ratings indicate the extent to which tar-
get sentences are construed undemiigEak interpretation. Under both approaches
under consideration, therefor@0a)is expected to receive a higher rating in the
EXISTENTIAL context than in th&NIVERSAL context. On the other hand, the two
approaches make different predictions f20b) According to the implicature ap-
proach, it should receive a low rating in both contexts; according to the homogeneity

6 The phrasing of family rules in our study is slightly different from Romoli et al. 2024. In particular,
they used a de nite plurahe presentsas in "Opening the presents is prohibited before the guests
arrive!' in the EXISTENTIAL context and "Opening the presents is required before the guests arrive!'
in the UNIVERSAL context. They avoided using a quanti er in these statements, because they did
not want the de nite plural in the target sentence to be contrasted with a quanti er. This was not a
concern in our experiment, but in our pilot study for Experiment 1, we followed them in matching the
phrase in the rule and target sentence by stating the rules with a bare plural, as in "Opening presents
is required before the guests arrive' and "Opening presents is prohibited before the guests arrive'.
However, we noticed in the data (of the context questions; see below) that some participants seemed
to have interpreted the rule in thénIVERSAL context (but not in th&EXISTENTIAL context) with a
plurality inference as in “Openinmore than ongresent is required’, which is not intended here.
Furthermore, under the intended interpretation of the rules, the bare plural should be read generically,
rather than existentially, so it has a different interpretation in the rule and the target sentence. For
these reasons, we decided to use quanti ers in stating the rules, as in (19), in all three experiments.

7 We followed Romoli et al. 2024 in using a 5-point Likert scale. As they discuss, this does not
necessarily commit one to a non-bivalent view of truth-values. Rather, it provides a more sensitive
measure than a binary judgment task, and is especially useful in cases like ours where multiple
interpretations TRONG vS. WEAK in our case) are expected. See Kri & Chemla 2015, Jashi,
Waldon & Degen 2019 for relevant discussion.

13



Figure 1: Example trial in Experiment 1

approach, it should receive a higher rating in thavERSAL context than in the
EXISTENTIAL context.

3.1.1 Data availability

Stimuli, data, and analysis code for Experiment 1 are accessible on the OSF at
https://osf.io/zganx/?view_only=48dbea9761f240c381a7045a82ce5684.

3.1.2 Methods

Participants 92 self-reported native English speakers were recruited in the ex-
periment (mean age: 43.1 years old; age range: 20-73; 48 female, 44 male) online
via Proli ¢ (https://www.proli c.co/) (pre-screening criteria: UK/US IP addresses;
access via computers). The average completion time was about 6 minutes and
participants were paid £1.5 for their time. Data collection and storage follow the
provisions of the Data Protection Act 2018 (https://www.gov.uk/data-protection).
The experiment was approved by the Research Ethics Committee at the author's
institution.

14
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Materials Figure 1 shows an example display of trials in Experimehi\k. shown

here, on each trial participants were presented with i) a context picture with a family
rule (upper left); ii) a target picture (upper right); iii) a context question "Was the
rule respected?'; and iv) a target sentence '[Name] opened presents' or [Name]
didn't open presents' together with a 5-point Likert scale labelled "“Completely false'
and "Completely true' on the ends.

There were two types of target sentences varying in theirarRITY: [Name]
opened presents' in theosITIVE condition and "[Name] didn't open presents' in
theNEGATIVE condition. The [Name] term in the target sentences was selected from
the following list: Frank, Mike, Leo, Nathan, Phoebe, Jenny, Carrie, and Kim. The
name in the target sentence matches the image of the child in the picture. Participants
were asked to judge how truly the target sentence describes the situation presented
in the test picture on a 5-point Likert scale (without numeric labels). The endpoints
of the Likert scale are counterbalanced between "Completely true'(left)-' Completely
false'(right) and "Completely false'(left)-"Completely true'(right). The gender of
children is counterbalanced between boys and girls.

Each visual stimulus features a child with their name and two presents they have
received. There were three types of test pictures for each sentence &ionve
sentences, theONTROL TRUEpictures had both presents open anddbeiTROL
FALSE pictures had both presents closed; inth@GET pictures, only one present
was open and the other was unopened. NHBGATIVE sentences, theONTROL
TRUE pictures had both presents closed, anddb@iTROL FALSE pictures had
both presents open; tHTeRGET pictures were the same as those inrlasITIVE
condition. Thus, the only difference between the two polarity conditions is that the
control pictures were switched. Figure 2 provides examples.

The context question "Was the rule respected?' is used to make sure that partici-
pants paid enough attention to the context with the speci ¢ family rule and also to
the visual scene, and to check if they understood them as we intended. Participants
were asked to respond to this question by clicking the “Yes' or "No' buttons beneath
the question.

Design POLARITY (NEGATIVE, POSITIVE) and CONDITION ([TARGET, CON-
TROL TRUE, CONTROL FALSH) were within-participant factors, whilstONTEXT
(EXISTENTIAL, UNIVERSAL) was a between-participant factor. There were 4 repeti-
tions of each experimental condition in each list. Therefore, there wea 2RITY

3 CONDITION 4 repetitions = 24 trials in total for each list and they were

8 The visual stimuli used in our three experiments were constructed based on 12 free images downloaded
from https://www.irasutoya.com/, which were also used to construct the visual stimuli of Romoli
et al. 2024. The copyright of the images belongs to the designer.
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Figure 2: Examples cfONTROL TRUE CONTROL FALSEandTARGET pictures for
POSITIVEandNEGATIVE conditions in Experiment 1.

presented in a random order for each participant. There were 8 lists differing in
CONTEXT (EXISTENTIAL, UNIVERSAL), gender (boy, girl), and the label of the
scale endpoints (Completely true'(left)-'Completely false'(right) and "Completely
false'(left)-- Completely true'(right)). Participants were randomly assigned to one of
the 8 lists.

Procedure The experiment was carried out by implementing an online survey
using Gorilla Experiment Builder (https://www.gorilla.sc). Participants were rst
given general instructions at the beginning of the survey (see Appendix A for
details). Before the experimental trials began, there were two practice trials featuring
CONTROL TRUEpiIctures forrOSITIVE sentences andONTROL FALSEpictures for
negative sentences. The rst trial was accompanied by instructions (see Appendix B),
whilst the second trial did not contain any instructions and was the same as control
trials in the experimental phase. The purpose of practice trials was to help participants
get familiar with the task as well as to provide an anchor for either the lowest point
or the highest point of the scale, and hence minimize inter-participant variation in
the use of the scale. Demographic information was collected at the end of the survey.
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Putting bare plurals into context

Figure 3: Mean ratings in Experiment 1. Error bars indicate interquartile range.

3.1.3 Results

Data treatment Responses above 3 (i.e., 4 and 5) d@NTROL TRUEand re-
sponses below 3 (i.e., 1 and 2) foONTROL FALSEare considered correct responses.

2 participants were excluded from the data analyses as they didn't reach the pre-
established 75% threshold for the accuracy rate ©NTROL trials. The mean
accuracy rate for the remaining 89 participants is 98% (95%CI = [96.8, 98.1]).

Data analyses The mean ratings are given in Figurerb= 89).° Note thatcon-

TEXT is recoded in terms afAx and STRICT, as the two contexts should have
opposite effects on the positive and negative sentences. Each context is coded as
LAX if it is expected to facilitate th&vEAK reading EXISTENTIAL for POSITIVE,
UNIVERSAL for NEGATIVE), andsSTRICTIf it is expected to make it harder to access
(UNIVERSAL for POSITIVE, EXISTENTIAL for NEGATIVE under the homogeneity
approach).

9 The mean on a Likert scale does not receive a straightforward interpretation without the assumption
of equal intervals, as in our case, but they are still useful in visually grasping the presence or absence
of interaction effects. The statistical models we employed do not reason about means. For the
same reason, we avoided representing standard deviation or standard error in the graphs, and used
interquartile range to indicate variance. Note that when trivial interquartile ranges, which arise when
half or more of the data points are at the median, are not made visible in the graphs.
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We tted a mixed-effects ordinal logistic regression model usingatunal
package (Christensen 2023) for R ({R Core Team} 2024) tordkrGET data with
CONTEXT (sum-coded) an®@OLARITY (treatment-coded withNEGATIVE as the
reference level) and their interaction as xed effects and the maximal converging
random-effects structure justi ed by the experimental design. In the present case,
the maximal converging model included a random slopePforARITY by sub-
jects, with no random intercept. The model indicates a signi cant simple effect
of CONTEXT (c2(1) = 70;p<:001) and a signi cant main effect oPOLARITY
(c2(2) = 66; p<:001), but no signi cant interaction effect betwe@DONTEXT and
POLARITY (C2(1) = 1;p= 0:23).

3.1.4 Discussion

The results suggest thateAK interpretations of bare plurals in simple sentences
are context-sensitive, and the effect of context is symmetric with respect to polarity.
When taken at face value, this is more in line with the homogeneity approach than
with the implicature approach.

3.2 Experiment 2: Quanti ed sentences

Experiment 2 tested quanti ed sentences like (21) against a uniformly singular
scenario where each individual opened exactly one present. All other aspects of the
design are identical to Experiment 1.

(21) a. Every boy opened presents.
b. No boy opened presents.
3.2.1 Data availability
Stimuli, data, and analysis code for Experiment 2 are available on the OSF at
https://osf.io/zqanx/?view_only=48dbea9761f240c381a7045a82ce5684.
3.2.2 Methods

Participants We recruited 96 novel self-reported English speakers (mean age:
40.8 years old; age range: 18-75; 48 female, 48 male) online via Proli c using the
same criteria as in Experiment 1. The average completion time was about 6 minutes
and participants were paid £1.5. The consent and data collection procedures were
consistent with those of Experiment 1.
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Putting bare plurals into context

Materials Each visual stimulus contained four children, each paired with two
presents. There are three types of test pictures for each sentence Horve
sentences, theONTROL TRUEpictures had each child with two open presents and
the CONTROL FALSE pictures had each child with two closed presents; and the
TARGET pictures had each child with one open present and one closed present. The
exact same pictures were used REGATIVE sentences, except that the truth-value

of the CONTROL pictures were reversed. Figure 4 contains example pictures used in
Experiment 2.

Figure 4. Examples cfONTROL TRUE CONTROL FALSE andTARGET pictures for
POSITIVEandNEGATIVE conditions in Experiment 2.

The con guration of the attention question is similar to that in Experiment 1.
There were two types of target sentences according to BeainRITY: "Every
boy/qgirl opened presents' in theosITIVE condition; and "No boy/girl opened
presents' in the3WeGATIVE condition. The con guration of the 5-point Likert scale
is similar to that in Experiment 1.
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Figure 5: Mean ratings in Experiment 2. Errobars indicate interquartile range.

Procedure The instructions and procedures were similar to those in Experiment 1.
See Appendix A and Appendix B for instructions and practice trials.

3.2.3 Results

Data treatment As in Experiment 1, responses above 3 (i.e., 4 and 3@ TROL

TRUE and responses below 3 (i.e., 1 and 2) 6@NTROL FALSEare considered
correct responses. 2 participants were excluded from the data analyses as they didn't
reach the pre-established 75% threshold for the accuracy raenfroOL trials.

The mean accuracy rate for the remaining 94 participants is 98% (95%CI = [96.8,
98.1)).

Data analyses The mean ratings are given in Figurerb= 94). The analysis
procedure is similar to Experiment 1. In R ({R Core Team} 2024), we tted a
mixed-effects ordinal logistic regression model to A& GET data WithCONTEXT
(sum-coded) andOLARITY (treatment-coded WitREGATIVE as reference level)

and their interaction as xed effects with the maximal converging random-effects
structure justi ed by the experimental design. In the current case, the maximal
random-effects model that converged included random intercepts for subjects and
random slopes foPOLARITY grouped by subjects as well as their correlation. The
model indicates a signi cant simple effect GoONTEXT (c2(1) = 15;p <:002),
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Putting bare plurals into context

a signi cant main effect oPOLARITY (c2(1) = 393 p<:001), and a signi cant
interaction effect betweeONTEXT andPOLARITY (everyis more sensitive than
no; co(1) = 10;p< 0:01).

3.2.4 Discussion

Unlike in Experiment 1, the results revealed an asymmetry in the effect of context
for WEAK interpretations of positive and negative quanti ed sentences. This is more
in line with the predictions of the implicature approach.

3.3 Experiment 3: Quanti ed positive vs. negative sentences against mixed
scenarios

The aim of Experiment 3 is to test the same quanti ed sentences as Experiment 2
against partial plurality scenarios. We prepared two types of such scenarios, which
we call [0] and [xo].

(22)  [o]
a. PosITIVE: Two children each received two presents and opened both;
the other two children each received one and opened it.
b. NEGATIVE: Two children each received two presents and did not open
either; two other children each received one and opened it.

(23)  [xq]
a. PosITIVE: Each child received two presents. Two children opened
both; the other two opened only one.

b. NEGATIVE: Each child received two presents. Two children opened
neither; the other two opened only one.

Example pictures depicting these are given in Figure 6

The reason why we tested both of these cases of partial plurality inferences is be-
cause the homogeneity approach, but not the implicature approach, makes different
predictions about them. In particular, notice that with respect t€ thg ERSAL con-
text, every child obeys the family rule ("You must open each present you received!’)
in the [o]-PosITIVE condition but only two children do in the [xajosITIVE condi-
tion. Similarly, every child outs the family rule in the [XOJ}EGATIVE condition,
but only two children do in the [ONEGATIVE condition. In all the other cases, the
[0] and [x0] conditions are equivalent with respect to the number of children obeying
or outing the family rule.

Now, recall that the implicature approach predicts the positive sentence to have
a (STRONGQ reading that is simply true in such partial scenarios, and the negative
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Figure 6: Examples ofARGET pictures in Experiment 3

sentence to lack such a reading. As such, no effect of context is expected, and no
difference between [0] and [x0] is expected.

On the other hand, according to the homogeneity approach, both positive and
negative sentences can be judged as pragmatically "true enough' in such partial
plurality scenarios. In particular, it expected that it would matter whether or not the
family rule is obeyed by every child in the positive case, and outed by every child in
the negative case, because these are the cases where the pragmatics of conversational
issues should be able to render the sentence pragmatically “true enough'. Therefore,
not only effects of context comparable to what was observed in Experiment 2 are
expected, but also they should manifest themselves differently between the [0] and
[x0] conditions.

3.3.1 Data availability

Stimuli, data, and analysis code for Experiment 3 are available on the OSF at
https://osf.io/zqanx/?view_only=48dbea9761f240c381a7045a82ce5684.

3.3.2 Methods

Participants We recruited 94 novel participants (mean age: 40.5 years old; age
range: 18-75; 49 female, 44 male, 3 other) online via Proli c using the same criteria
as in Experiments 1 and 2. The average completion time was about 10 minutes and
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Putting bare plurals into context

Figure 7: Examples ofONTROL TRUE CONTROL FALSE andTARGET pictures
used in Experiment 3.

participants were paid £2.5. The consent and data collection procedures were the
same as those in Experiments 1 and 2.

Materials The materials used in Experiment 3 were analogous to those in Experi-

ment 2: the con gurations of the context pictures, the attention questions, and the

target sentences were identical to those in Experiment 2. Figure 7 contains example
pictures used in Experiment 3.

Design We includedsCENARIO as a within-subject factor. Consequently, there
were 2POLARITY 3 CONDITION 2 SCENARIO 4 repetitions = 48 trials in total
in each list. All the other aspects of the design were similar to Experiments 1 and 2.
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Procedure The procedure was consistent with that in Experiments 1 and 2. Instruc-
tions and practice trials can be found in Appendix A and Appendix B, respectively.

3.3.3 Results

Data treatment As in the other experiments, responses above 3 (i.e., 4 and 5)
for CONTROL TRUEand responses below 3 (i.e., 1 and 2)d@NTROL FALSEare
considered correct responses. 3 participants were excluded from the data analyses
in Experiment 3 because their accuracy rate in control trials failed to reach the pre-
established threshold 75%. The mean accuracy rate of the remaining 91 participants
was 96.4% (95%CI =[95.6, 97.1]).

Data analyses The results are shown in Figure®< 91). In R ({R Core Team}
2024), we tted a model similar to Experiments 1 and 2 to th&GET data for
POSITIVEandNEGATIVE sentences separately. The model includesi TEXT (sum-
coded) andsCENARIO (treatment-coded with [0] as reference level) and their in-
teraction as xed effects within the maximal converging random effects structure
justi ed by the design. In the current case, the converged maximal random effects
structure includes random slopes 8wENARIOgrouped by subjects without random
intercepts. FoposITIVE conditions, the model indicates a non-signi cant simple
effect of CONTEXT (c2(1) = 3; p= 0:08) and a signi cant main effect adfCENARIO
(c2(1) = 25, p<:001, as well as a signi cant interaction effect betweBONTEXT
andSCENARIO(C2(1) = 6; p<:05). ForNEGATIVE conditions, the model indicates

a signi cant simple effect oOEONTEXT (c2(1) = 5; p<:05) and a non-signi cant
main effect ofSCENARIO(C2(1) = 2; p= 0:13), as well as a non-signi cant interac-
tion effect betweel@ONTEXT andSCENARIO(C2(1) = 0:38, p= 0:54).

3.3.4 Discussion

The results show that positive quanti ed sentences received higher ratings against
the [0] scenario against the [xo], whilst negative quanti ed sentences exhibited
no such sensitivity to the [0] vs. [x0] distinction and generally received very low
ratings. Thus, there is a stark positive vs. negative asymmetry, and this is contrary to
the prediction of the homogeneity approach. The results are therefore more in line
with the implicature approach. Yet, the difference between [0] and [x0] in positive
sentences calls for an explanation.
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