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Abstract

Across a wide variety of semantically ambiguous sentences, implicature has been pro-
posed as a single mechanism which can derive one reading from another in a systematic
way. While a single formal mechanism for computing implicatures across disparate cases
has an appealing parsimony, differences in behavioral and processing signatures between
cases have created a debate about whether the same computation really is so widely
shared. Building on previous work by Bott & Chemla (2016), three experiments use
structural priming to test for shared computations across three purported cases of impli-
cature: the quantifier some, number words, and Free Choice disjunctions. While we find
evidence of a shared computation between the enriched readings of some and number
words, we find no evidence that Free Choice readings involve any shared computation
with either some or number. Along with evidence of a shared mechanism between some
and number implicatures, we also find substantial differences between these two cases.
We propose a way to reconcile these findings, as well as seemingly contradictory prior
evidence, by understanding implicature as a sequence of separable sub-computations.
This implies a spectrum of possibilities for which sub-computations might be shared or
distinct between cases, instead of a single implicature mechanism that can only be either
present or absent.
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1. Introduction

Since Grice first suggested that even unspoken sentences can contribute to the mean-
ing of an utterance, half a century of research on implicatures has formalized and sub-
stantiated the idea in different frameworks. A significant body of work in this area has
focused on showing how implicature can be extended to a diverse set of phenomena, far
exceeding the scope of Grice’s original proposal. But just because a formal mechanism
can be designed by the theorist to derive certain phenomena, does not mean that human
minds actually use this mechanism in the course of language comprehension, especially
when alternative explanations for the same phenomena are readily available.

In this paper, we apply psycholinguistic tools to examine which – if any – compo-
nents of a hypothesized general implicature mechanism might be shared across differ-
ent categories of utterances. We start by noting that implicature consists of several
sub-computations. Focusing on these sub-computations will allow us to develop a finer-
grained view of implicature: Rather than asking whether or not implicature as a whole is
applied across different categories, we can ask which of the sub-computations are shared
across categories. Indeed, as our experimental results reveal, the sub-computations are
not all equally likely to be applied in different categories, necessitating a finer-grained
theoretical notion of implicature, which we will develop in this paper.

Using the structural priming method, we study three different domains: the quantifier
some, number words, and Free Choice disjunctions. In each case, two readings are
available; for some and number these are shown below:

(1) Some of the houses have a fence

a. Basic reading: At least some of the houses have a fence
b. Enriched reading: Some but not all of the houses have a fence

(2) There are four dogs

a. Basic reading: There are at least four dogs
b. Enriched reading: There are exactly four dogs
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We refer to the reading that is hypothesized to be the input to the implicature mech-
anism as the basic reading, and to the reading that is hypothesized to be the output
of the implicature mechanism as the enriched reading, following Bott & Chemla (2016),
among many others. While this terminology transparently reflects the hypothesis we set
out to test, it does not reflect any prior commitment to the truth of that hypothesis.

1.1. The implicature mechanism for deriving enriched readings

Theories of implicature posit a general mechanism that takes the basic, lexically
encoded reading of a sentence as input and yields its enriched reading as output. We
home in on the following two sub-computations, assumed by all accounts of implicature:

(3) Core Implicature Mechanism

1.Generate alternative(s)

2.Negate alternative(s)

The alternatives are sentences which were not asserted, but would have been equally
relevant and more informative in the given context. The generation of alternatives is
that computation which yields those alternatives; it can itself be broken down into several
components (Katzir, 2007). For Some of the houses have a fence, it involves retrieving
specific lexical material (the quantifier all) and replacing the lexical item some in the
original sentence, generating the alternative sentence All of the houses have a fence. The
alternatives are then negated; for our example, conjoining the negation with the original
sentence yields Some of the houses have a fence & not all of the houses have a fence as
the final output – the enriched reading of the sentence.

The enriched reading of sentences like There are four dogs has been argued to be
derived in much the same way (e.g. van Rooij & Schulz, 2006; Horn, 1989; Gazdar,
1979). According to this implicature-based view of numerals, the basic, lexically stored
reading of four can be paraphrased as at least four or four or more. On this reading,
There are four dogs would be true in a scenario in which there are in fact six dogs.
But a more natural reading is of course the exactly- reading, on which the sentence is
judged false in this scenario. By hypothesis, this reading is derived through the same
implicature mechanism as in the case of some. First, generating the alternative will
again involve retrieving a specific lexical alternative, in this case the number word five,
followed by appropriate replacement in the original sentence, yielding the alternative
sentence There are five dogs. Next, this alternative is negated. When conjoined with
the original sentence, the enriched exactly- reading is obtained: There are (at least) four
dogs & it’s not the case that there are (at least) five dogs. In this way, the hypothesized
mechanism underlying the enriched readings of number and some sentences differs only
in the specific alternatives that are generated and then negated.

The hypothesis that the enriched readings of different sentences are derived by a
general implicature mechanism has the strong appeal of parsimony, extending far beyond
the domain of quantifiers and number words. Implicature has been invoked to explain
other cases of seeming ambiguities in logical connectives, as in John bought apples or
oranges (enriched: John bought apples or oranges, but not both), gradable adjectives, as
in The soup is warm (enriched: The soup is warm, but not hot), modal expressions, as
in John may come (enriched: John may come, but doesn’t have to), and even attitude
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verbs, as in John believes/thinks that it’s ok (enriched: John thinks, but doesn’t know,
that it’s ok ; see van Tiel et al. 2014; Hirschberg 1991 for an overview).

Importantly, the question of whether a shared implicature mechanism is responsible
for these disparate phenomena is independent of many active debates concerning the na-
ture of implicature. (Neo-)Gricean (Geurts, 2010; van Rooij & Schulz, 2004; Hirschberg,
1991; Grice, 1989, 1975; Gazdar, 1979; Horn, 1972), grammatical (Meyer, 2013; Fox, 2007;
van Rooij & Schulz, 2006; Chierchia, 2004), relevance-theoretic (van Rooy, 2002; Merin,
1999; Carston, 1998; van Kuppevelt, 1996; Sperber & Wilson, 1986), game-theoretic
(Franke, 2011; Benz, 2006; Parikh, 2001)), and Bayesian (Goodman & Frank, 2016;
Bergen et al., 2016; Potts et al., 2015) theories disagree on whether or not implicatures
are computed as part of the grammar or as a pragmatic inference. They also differ on the
question of what causes implicatures to be computed in the first place: Gricean maxims
of cooperative conversation, domain-general principles of rational behavior, or something
else still. What matters for our present purpose is that, with the exception of probabilis-
tic theories,1 all of these theories share the core assumption that when implicatures are
computed, the mechanism involves the two sub-computations outlined in (3) above (see
also Bott & Chemla 2016, for discussion). It is this shared assumption which we will be
investigating in this paper.

1.2. Free Choice readings as (recursive) implicatures

Along with the quantifier some and number words, we investigate the case of Free
Choice disjunctions (for review see Meyer 2020). Alonso-Ovalle (2006) and Fox (2007)
first showed how to extend the implicature mechanism to account for the ambiguity of
disjunctions like the following:

(4) John can take the red umbrella or the yellow umbrella

Under one reading, which we will call the uncertainty reading, the sentence is used as
a report on John’s options from a speaker who has incomplete knowledge of what these
options are. The uncertainty reading is derived by the standard assumption that the
lexical meaning of or can be modeled by the logical connective ∨. This predicts (4) to
be true in three scenarios: (i) if John can take the red umbrella, but not the yellow one,
(ii) if John can take the yellow umbrella, but not the red one, and (iii) if John can take
both umbrellas.2

The Free Choice (FC) reading, on the other hand, conveys that John has both the
option of taking the red umbrella and the option of taking the yellow one, though he

1Probabilistic theories model the step from the basic to the enriched reading as a probabilistic, and
more specifically, a Bayesian inference about the likelihood of a reading given the speaker’s utterance
(e.g., what is the likelihood that the speaker who said Some of the houses have a fence meant to convey
that all houses have a fence? see Goodman & Frank 2016; Bergen et al. 2016; Potts et al. 2015). While
these accounts do rely on the presence of a linguistic alternative to the uttered sentence, enrichment takes
the form of a probabilistic inference about the truth or falsity of the alternative. Therefore, regarding
the core mechanism given in (3) above, the negation of alternatives is not necessarily part of the relevant
mechanism.

2As is well-known, scenario (iii) is often ruled out independently. In an implicature-based account,
this could be derived by negating the alternative John can take the red umbrella and the yellow umbrella,
which is generated by substituting and for or in the original sentence. This meaning component is inde-
pendent of the distinction between the uncertainty and the FC reading, and can be derived independently
for both meanings, as discussed in e.g. Fox (2007).
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may not necessarily have the option of taking two umbrellas at once. Under this FC
reading, the speaker has full knowledge of all options, and might even be the one granting
permission to choose between them (as in a parent saying, You may have cake or ice-
cream for dessert).

How could an implicature mechanism derive the FC reading of (4) from its hypoth-
esized basic uncertainty reading? In the cases of some and number, the hypothesized
implicature mechanism involves the negation of the basic reading of alternatives. To de-
rive FC readings, it has instead been proposed that the alternatives are first themselves
enriched, and it is the enriched readings of the alternatives which are then negated (Fox,
2007; Alonso-Ovalle, 2006; Kratzer & Shimoyama, 2002). This is schematically illustrated
below (the parts that differ from (3) are underlined):

(5) Recursive implicature mechanism for a sentence can [A or B]

1.Generate alternatives

2.Compute the enriched meanings of the alternatives

3.Negate the enriched meanings of the alternatives

For FC sentences like (4), the proposal is that the alternatives in question are the
disjuncts, John can take the red umbrella and John can take the yellow umbrella. The
enriched meanings of these two alternatives are derived by conjoining each of them with
the negation of the other (which means they are alternatives to each other). This yields
their enriched meaning: John can take the red umbrella & not the yellow umbrella and
John can take the yellow umbrella & not the red umbrella. This concludes the sub-
computation in step 2 above. In a last step, these enriched alternatives are negated, and
conjoining them with the basic uncertainty reading yields the FC reading of the whole
disjunction:

(6) John can take the red umbrella or the yellow umbrella

a. & ¬ (John can take the red umbrella and not to the yellow one)
b. & ¬ (John can take the yellow umbrella and not the red one)

= John can take the red umbrella and he can take the yellow umbrella

Because the alternatives hypothesized to be negated in the derivation of the FC meaning
are themselves enriched, the mechanism can be characterized as recursive: it takes the
output of an implicature computation as its input.

The mechanism may be ornate, but the resulting parsimony is appealing, as the en-
riched readings of sentences with quite disparate content – number words, some, and dis-
junctions combined with modals – can all be derived by the application of one core mech-
anism, a procedure for generating and negating alternatives. Positing a category-general
implicature mechanism also makes a clear, testable prediction. If, whenever the enriched
meaning is accessed, an implicature computation consisting of the sub-computations in
(3) above is performed, then any processing signature of these computations should be
shared across otherwise very distinct categories of enriched meanings.

This prediction has been tested extensively, but the results have not been conclusive.
Many findings show that the different cases for which implicature-based accounts have
been proposed exhibit substantial differences. Before we go on to the present study, we
briefly review the most relevant prior results.
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1.3. Previous Experimental Evidence

The evidence that implicature is used to derive the enriched meaning of some has
been mixed. On the one hand, several studies of online sentence processing with adults
have found that the basic reading of some is accessed earlier, and verified faster, than the
enriched reading in comprehension. This is consistent with the enriched reading being
the output of an additional implicature computation that is not involved in accessing the
basic reading (e.g. Huang & Snedeker, 2018; Tomlinson et al., 2013; Huang & Snedeker,
2011, 2009; De Neys & Schaeken, 2007; Bott & Noveck, 2004).

But other experimental studies have produced contradictory results. For example,
Degen & Tanenhaus (2015) replicate the finding of higher reaction times for the enriched
vs. basic reading of some, but show that these results might be due to decreased ac-
ceptability of some in the relevant experimental conditions. In a similar vein, Grodner
et al. (2010) and Feeney et al. (2004) argue that increased processing times for enriched
readings are due to independent factors rather than implicature computations. Foppolo
& Marelli (2017) show that when the confound identified by Degen & Tanenhaus (2015)
is controlled for, processing times of the enriched vs. basic reading do not differ (see also
Breheny et al. 2013). These findings do not support the hypothesis that the enriched
reading is derived from the basic one via a cognitively costly implicature computation,
but are more consistent with accounts in which the enriched reading is stored directly
as part of a lexical ambiguity of the quantifier some. Still, the debate continues, with
Huang & Snedeker (2018) challenging these conclusions and reporting further evidence
consistent with multi-step processing of the enriched meaning of some.

The empirical evidence on whether implicature generates exactly- readings of number
words is likewise mixed, with more evidence against this hypothesis than in the case of
some. First, not only can the enriched readings of number words be accessed as quickly
as their basic readings, Huang & Snedeker (2011, 2009) also find that in the very same
contexts in which hearers are slow to access the enriched reading of some, they access the
enriched reading of two as quickly as both the basic reading of some and the meaning
of all, which is not derived via implicature on any account (Huang & Snedeker, 2011).
Huang et al. (2013) also show that hearers access the basic reading of some more often
than the basic reading of number when given the choice (see also Marty et al. 2013).
Lastly, Marty et al. (2013) and De Neys & Schaeken (2007) found that, while increased
cognitive load made the basic reading of some more accessible, it instead made it harder
to access the basic, at least reading of number words. These results are consistent with
the possibility that implicature underlies the enriched reading of some, but not of number
words.

Weighing on the other side, there is also evidence of a multi-step implicature mech-
anism generating the enriched reading of number words. Results from Panizza et al.
(2009) suggest that the choice between the enriched and the basic reading correlates
with logical properties of the linguistic environment for both some and numbers. The
enriched meaning is preferred for both items in upward-entailing environments, where it
would make the whole sentence more informative overall, and dispreferred in downward-
entailing environments, where it would make the whole sentence less informative. Taken
alone, the significance of this type of evidence is limited by its correlational nature, and
the relative preference of basic vs. enriched readings of two different items in the same
environment can be explained by a general preference for an overall more informative

6



statement, regardless of whether or not the enriched readings are generated by the same
mechanism in both items. The stronger evidence from Panizza et al. is that in upward-
entailing contexts in which enriched readings are more informative, reading times for
number words were higher than in downward-entailing contexts, in which basic readings
would be more informative and therefore expected to be preferred. This shows that the
two readings are not equivalent when controlling for informativity, and more strongly
suggests that the exactly- reading of numbers involves an additional computation (see
also Guasti et al., 2005; Noveck et al., 2002; Chierchia et al., 2001; Gualmini et al., 2001).

The strongest evidence in favor of implicatures generating the enriched exactly- read-
ings of number words comes from structural priming. Bott & Chemla (2016) show that
when participants access the exactly- reading of number words, they are subsequently
more likely to access the enriched reading of some than its basic reading, suggesting a
shared mechanism responsible for generating both enriched meanings. This test has not
previously been extended to FC disjunctions, one of the primary targets of our investi-
gation below.

For FC disjunctions, experimental studies in general are sparse so far, and the most
relevant study is inconclusive. If it is indeed a recursive implicature computation which
derives the FC reading, accessing the FC reading should take longer compared to the
uncertainty reading, analogously to the logic of studies comparing basic vs. enriched
readings of both some and number words.3 In the only experimental test of this hypoth-
esis so far, Chemla & Bott (2014) instead found faster response times for FC compared
to uncertainty readings. On this basis they argue that the FC reading cannot stem from
an implicature computation requiring additional processing steps. There is, however, a
plausible alternative explanation for this finding. Recall that the uncertainty reading
of a FC sentence like John can have the red bottle or the yellow bottle states that he
can have (at least) one of the two, but the speaker is uncertain as to which one. In
a scenario in which the speaker already knows that John can have the red bottle, the
whole disjunction would be infelicitous, presumably because the assumption of speaker
uncertainty is violated. The items used by Chemla & Bott (2014) do not satisfy this
uncertainty condition, and the basic reading is therefore infelicitous in their scenarios,
though it is true in a strictly logical or semantic sense. The increased processing times
compared to the FC reading could be due to participants trying to accommodate the
infelicitous reading.

In sum, there is mixed evidence that both the enriched reading of some and number
words are derived by an implicature mechanism, as proposed in the theoretical literature.
The two cases also differ, with the enriched meaning of number words being relatively
easier to access. Whether implicature is involved in generating FC readings is currently
unclear.

3 As stated in footnote 2 above, the FC reading can have an additional, optional scalar implicature,
namely, that both options are not available at the same time (e.g., John cannot have both the yellow
and the red bottle). This independent implicature is thus expected to add to processing times of both
readings, if present, and may make it more difficult to find a difference between the two (if, for instance,
additional implicatures are less costly). This is one reason why we do not look for a processing time
signature in this case. To further control for this independent factor, both our study and Chemla & Bott
(2014) only use scenarios in which this additional component is kept constant, by making it irrelevant
in all experimental items used to test either uncertainty or FC readings. The way this can be achieved
is to provide background information to participants that there is never a possibility for both options.
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1.4. Overview of Experiments

To test whether there is a shared implicature computation, we will look for a causal
link: does deriving an enriched reading for one sentence (e.g., a FC sentence) increase
the likelihood of deriving an enriched reading for a subsequent sentence from a differ-
ent category (e.g., a number sentence)? As Bott & Chemla (2016) pointed out, the
majority of studies on whether different types of enriched readings involve a shared im-
plicature mechanism are correlational, comparing independent patterns of distributional
or processing data from each category. Structural priming is a method that can provide
stronger, causal evidence in this ongoing debate. The underlying rationale is that if a
computation or representation is involved in the processing of one sentence, it will be
easier to reuse in the processing of another sentence in which it is also involved (see
Branigan & Pickering 2017 for an overview).

For the cases we are interested in, this translates into the following prediction. If
a general implicature mechanism underlies the enriched readings of some, number, and
FC sentences, then accessing this reading in one sentence should increase the likelihood
of accessing the enriched reading again in a subsequent sentence. Importantly, this
prediction holds regardless of whether the two sentences are from the same (within-
category effect) or a different category (between-category effect). This is because the
assumed mechanism, which involves generating and negating alternatives, is category-
general.

The only previous study that uses structural priming to investigate implicature is
Bott & Chemla (2016), which serves as our starting point. Our experiments have a
similar design to theirs. On both prime and target trials, participants see two pictures
presented below a sentence, and are asked to choose the picture that best matches the
sentence. The “priming effect” is measured by how participants’ choice on a given target
trial changes depending on the kind of prime trial that preceded it. The prime trials
were meant to elicit either a basic or an enriched reading, for sentences from each of the
three categories of interest. The target trials following each prime trial then assessed
whether participants opt for an enriched or a basic reading when given the choice. A
given combination of prime and target items can be either within-category, where both
prime and target are from the same category (e.g., number), or between-category, where
the categories are different (e.g., FC for prime, some for target). Since the enriched
reading is typically preferred, target items did not simply present a choice between the
two, but rather a choice to accept or reject the basic reading. In keeping with the picture-
matching design, this was implemented as a choice between a picture that matched the
basic reading, and a picture only containing the words Better Picture, which allows
participants to indicate that they would prefer an unspecified different picture to the
depicted basic reading, following Bott & Chemla (2016) and Huang et al. (2013).

In Experiment 1, we investigate both within-category priming effects and between-
category effects to establish whether, and in which cases, implicature computations might
be shared. A control experiment, reported in Supplementary Materials, rules out the
possibility that within-category priming in this design is due to greater similarity between
pictures depicting the same readings than different readings.

Experiment 2 controls for the possibility that the prime trials that were meant to
elicit basic readings actually primed participants to accept dispreferred readings more
generally, independently of an implicature mechanism.
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Experiment 3 replicates Experiment 1 using different picture stimuli that provide
another control. These pictures were designed to be category-neutral, so that a single
picture could exemplify the basic reading of a some, number, and FC sentence simul-
taneously (and likewise for the enriched readings). This ensures that differences in the
priming effects between within-category and between-category trials are due to the pro-
cessing of the sentences involved, rather than to e.g., basic some pictures being more
similar to basic number pictures than to basic FC pictures.

2. Experiment 1

This experiment had two aims. The first was to replicate Bott and Chemla’s results for
both within- and between-category priming with some and number, using experimental
items that substantially differed from Bott and Chemla’s (see Figure 1). The second
goal was to test the hypothesis that FC readings arise through recursive implicatures, by
testing for priming effects between some and number sentences on the one hand, and FC
sentences on the other. Experiment 1 thus included all three categories – some, number,
and FC sentences – in all nine possible prime-target configurations, testing both within-
and between-category priming. Each target category (number, some, FC) corresponded
to one between-subject condition, with all three categories serving as primes manipulated
within-subject.

2.1. Methods

Participants. We recruited 400 unique participants per condition (total N=1200), using
Amazon’s Mechanical Turk platform. This sample size was chosen following the recom-
mendations of Mahowald et al. (2016), who estimated that it corresponds to power above
0.9 for the size of main effect typically found in syntactic structural priming paradigms
with a comparable number of items. Out of the 1200 participants, we excluded 19 who
reported that their first language was not English. In order to ensure that participants
were paying attention throughout the experiment, we also excluded participants who
responded incorrectly on more than 10% of filler trials. In Experiment 1, this excluded
an additional 147 participants.

Materials. Each item consisted of a sentence presented with two pictures. Within each
sentence category, the same sentence frames were used in both prime and target items:

(7) Sentences for some items
Some of the houses have a X
X = bike, dog, flower, tree, pond, fence, chimney, flag

(8) Sentences for number items
There are four Xs
X = bike, dog, flower, tree, pond, bridge, house, car

(9) Sentences for FC items
He can go to the red truck or to the yellow truck
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There were three kinds of pictures for each category: (i) false pictures, which did
not match any reading of the sentence, (ii) basic pictures, which matched the basic
readings of number and some sentences and the uncertainty reading of FC sentences,
but were false under their respective enriched/FC readings, and (iii) enriched pictures,
which matched the respective enriched/FC readings of the three categories. For example,
all number sentences stated there were four Xs. A false picture showed two Xs, a basic
picture showed six, and an enriched picture showed four Xs. For the some sentences,
the false picture showed none of the houses having an X, the basic picture showed all of
the houses having an X, and the enriched picture showed some but not all of the houses
having an X.

The pictures paired with FC sentences require more explanation. On the uncertainty
reading (i.e., the basic reading), the sentence He can go to the red truck or to the yellow
truck is typically accompanied by an inference that the speaker is not certain which truck
he can go to (an ignorance implicature; e.g. Sauerland 2004).

To make the basic picture acceptable under this reading of the sentence, we introduced
speaker uncertainty by covering all of the trucks, but not the roads which lead to them,
and instructed participants that every picture had one red truck and one yellow truck,
but that their locations could vary. False pictures showed a figure standing between
two trucks, both covered by black boxes, with the roads to both blocked. Although
participants could not tell which truck was which, the key to evaluating the sentence
is that the figure cannot reach either truck. Basic pictures showed the figure with an
accessible path to just one of the (covered) trucks, so participants would be uncertain
about whether this was the yellow or the red truck. Enriched pictures showed the figure
with accessible paths to both covered trucks, so that the figure could access both, no
matter which truck was which.

Finally, we introduced a narrator at the beginning of the experiment, whom all dis-
played sentences were attributed to. Participants were told that the narrator would
describe all of the pictures in the experiment the way both she and the participant could
see them, so that the narrator and the participant always had the exact same basis for
evaluating the sentences. For the FC items, this meant that both were uncertain about
which truck was which (see Appendix 1 for the script).

In all sentence categories, basic prime items presented a choice between a false picture
and a basic picture. Enriched primes presented a choice between a basic picture and an
enriched picture. The side each picture type appeared on was counterbalanced across
prime trials within-participant. Finally, target items presented a choice between a basic
picture and the Better Picture alternative. Following Bott and Chemla (2016), the Better
Picture choice always appeared on the right. Figure 1 shows examples of trials in all three
sentence categories.
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Figure 1: Sample prime and target items in Experiment 1. (A) FC items (B) number items (C) some
items. Participants saw either a basic prime or an enriched prime item, followed by a target item. An
example sentence is shown in each panel, which could be paired with either type of prime or the target
item within a given sentence category. In basic prime items, the false picture is shown on the left and
the basic picture is shown on the right. In enriched prime items, the enriched picture is shown on the
left and the basic picture is shown on the right. The actual side of presentation of each picture on prime
items was counterbalanced. On target items, the left-hand picture corresponds to the basic reading and
the right-hand picture shows the ‘Better Picture’ option. The sides of presentation was fixed for all
target items.
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A full experimental trial is a sequence of two primes and one target. There were 8
experimental trials (4 with enriched primes, and 4 with basic primes) per target category
(some, number, FC), for a total of 24. To minimize the effect of specific item combi-
nations, we created two lists, such that all of the experimental trials in one list used a
different combination of specific prime and target items than in the other.

There were also 72 filler items (24 from each category), randomly interspersed with
experimental trials, which were meant both to make the experimental manipulation less
obvious and to serve as control items, ensuring participants were engaged, read the
sentences, and responded correctly to trials which had a clearly correct answer. There
were three types of fillers (8 items of each type) for each of the some and number
categories, and 2 for the FC category.

For number fillers, all sentences were “There are six Xs”. Type I fillers pitted a false
picture against a Better Picture option. Type II fillers pitted a basic picture against a
Better Picture option (similar to number target items), and Type III fillers pitted a basic
against an enriched picture (similar to enriched primes).4 For some fillers, all sentences
were “All of the houses have an X”. Type I fillers pitted a false picture against a Better
Picture option. Type II fillers pitted a true picture against a Better Picture option. Type
III fillers pitted a false against a true picture (some-but-not-all houses versus all houses
having an X). FC fillers used the sentence “He can go to the red truck, but not the yellow
truck” (with the colors’ order of mention counterbalanced across trials). The trucks were
uncovered, to help participants keep in mind what they had learned during the practice
phase, i.e., that there was always a red and a yellow truck, even if on other trials these
were not visible. Type I Fillers presented a choice between a false and a Better Picture
option, and Type II fillers presented a choice between a true and a false picture (with
correct side counterbalanced, but Better Picture always on the right, as in target trials).
For examples, see Figures 2. See Appendix 1 for a full list of fillers.

4While the similarity between Type III number fillers and enriched prime items means they could act
as a prime, the fillers never appeared in between actual prime and target items, since as stated earlier
these were grouped into fixed prime-prime-target sequences constituting one experimental trial. It is
nevertheless possible that they may have added a small additional effect, strengthening the priming of
enriched number trials relative to others. This was fixed for Experiment 3.
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Figure 2: Examples of FC Filler Items. In Type I fillers, the choice is between a false picture (left) and
a ’Better Picture’ option (right). In Type II Filler Items, the choice is between a true picture (left) and
a false picture (right).

Procedure. All of the experiments were presented using the Testable platform (https:
//www.testable.org). Participants first filled out a demographic questionnaire, which
included a question about their native language. Before the start of experimental tri-
als, participants completed a practice phase, which introduced them to the narrator as
the viewpoint behind all of the written sentences they would see. The narrator “told”
participants she would truthfully describe one of the two pictures presented, and the
participant’s job would be to guess which picture matches the description. The narrator
emphasized that she can only see the same view as the participant, so while she does not
always have full information, she will describe what she knows.

Participants were then given a series of practice items where they matched a sentence
to one of two pictures. Each item displayed a sentence centered above two pictures, or
one picture and the Better Picture box. Participants were instructed that, when a Better
Picture option was present, they should choose it if they felt that the other picture did
not capture the meaning of the sentence well enough. Participants made their choice
by clicking on a picture, or on the Better Picture option. They could not click on both
pictures and could not proceed to the next trial until they made a selection. Where
two pictures were presented, the choice in these practice items was always unambiguous
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between a false and a true picture. Several items gave participants practice responding
to “covered truck” pictures, similar to what they would see on prime and target FC items
in the experimental phase (see Appendix 1). Following the practice phase, participants
were presented with the experimental and filler trials in randomized order. An example
presentation of the some-target condition can be found at https://www.testable.org/
experiment/662/202179/start.

2.2. Results

2.2.1. Analysis strategy

In addition to the participant exclusions listed above, we also excluded individual
trials on which participants spent less than 500 msec, reasoning that it would not be
possible to read the sentences and consider the pictures so quickly. This excluded an
additional 210, which was less than 1% of all trials. Following Bott and Chemla (2016),
Raffray and Pickering (2010), and others, we also analyzed only those target responses
that followed a ‘correct’ response on both of the immediately preceding primes. If a
participant answered ‘incorrectly’ on a prime item (i.e., chose the false picture in the
basic prime, or the basic picture in the enriched prime), it could be because they did not
access the reading that this prime was meant to elicit, in which case that reading could
not possibly be primed.

We analyzed the data in R (v3.6.4; R Core Team 2017) using the lme4 package
(v1.1.21; Bates et al. 2015) to build logit mixed-effects models. We followed the model
selection strategy recommended by Matuschek et al. (2017), starting from a maximal
model and using log-likelihood ratio tests to compare this to models with reduced random
parameter structures, stopping upon finding a significant decrease in model fit. Rather
than choosing the most reduced of these models in each case, which would have resulted
in inconsistent and incomparable models across otherwise similar analyses, we selected
the ‘lowest common denominator’ reduced model across similar analyses. In each case
we used log-likelihood ratio tests to verify that there was no significant difference in
model fit between these and the most maximal converging model. For estimates of the
significance of main effects, we derived p-values from Type II Wald χ2 tests comparing
minimally different models with and without that effect. Estimates of simple effects
were obtained from significance tests on coefficients of dummy coded contrast variables.
All data, reproducible analysis code, and exact model specifications are available at
https://osf.io/ukrgv/files/.
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2.3. Accessibility of Basic and Enriched readings across sentence categories

Figure 3: Responses on prime items in Experiment 1. Mean proportion of picture choices corresponding
to the type of prime (basic or enriched). Error bars indicate +/- 1 standard error.

Figure 3 shows the results from basic and enriched primes for each of the three cate-
gories, reflecting the accessibility of the basic and enriched readings. ‘Correct’ responding
here refers to the choice of the basic (rather than the false) picture on basic primes, and
the choice of the enriched (rather than the basic) picture on enriched primes.

To test whether the accessibility of each reading differed between categories, we looked
at the effect of category within basic and enriched primes in two separate analyses. In
each case we set the category with the intermediate level of enriched responses as the
dummy-coded reference level in order to compare differences from other categories in
both directions. In enriched primes, we found that participants preferred the enriched
reading of some sentences more than that of FC sentences (Z = 15.92, p < 0.001), and
the enriched reading of number sentences more than that of some sentences (Z = -6.59,
p < 0.001).

While enriched primes tested whether participants preferred one reading to another,
basic primes tested whether participants would consistently reject a picture that was false
on either reading. While this might lead to more ’correct’ responses on basic primes,
it is also possible that for some sentence categories, the basic reading is so strongly
dis-preferred that it becomes almost unavailable. In that case, participants may have
trouble choosing between the false and the basic picture on basic prime items. Indeed,
constructing the same model only for basic prime trials, but taking the intermediate FC
category as the reference level, we found that basic pictures were less consistently chosen
for number sentences than for FC sentences, (Z = 3.90, p < 0.001), and for FC sentences
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less than for some sentences (Z = -14.20, p < 0.001). The exactly- interpretation of
number was so strongly preferred that participants rejected the at least- reading 15% of
the time.

2.4. Priming effects

Figure 4 shows the results of the priming manipulation, broken down by prime and
target categories. To investigate priming effects both within- and between-category, we
first fit a model with fixed effects of target category (some, number, or FC), category
match (within or between) and prime type (basic or enriched), and all interactions. We
found that each interaction was highly significant, including the three-way interaction
(χ2(2) = 10.28, p = 0.006), reflecting varying differences in the strength of within-
category and between-category priming, depending on the target category. Importantly,
there was also a significant interaction of prime type by category match, reflecting greater
priming within- than between-category (χ2(1) = 763.92, p < 0.001), as well as interac-
tions of prime type by target category (χ2(2) = 22.72, p < 0.001), and category match
and target category (χ2(2) = 48.12, p < 0.001). Unpacking these interactions, we looked
at priming within-category and between-category separately.
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Figure 4: Results for the priming effects in Experiment 1. Bars show mean proportions of ’Better
Picture’ choices on target items after either enriched or basic primes. Vertical facets indicate the prime
sentence category. Horizontal facets indicate the target sentence category. Error bars show +/- 1 S.E.,
averaged by subjects.

2.4.1. Within-Category Priming Effects

Including data from all three categories, a model with the fixed effects of prime type,
category, and their interaction, showed highly significant main effects of both prime
type (χ2(1) = 132.14, p < 0.001) and category (χ2(2) = 32.33, p < 0.001), but no
significant interaction between them (χ2(2) = 5.13, p = 0.077). Simple effects analyses
using treatment coding revealed a significant effect of prime type within each category
separately (some: Z = -12.44, p < 0.001; number: Z = -9.76, p < 0.001; FC: Z = -9.50,
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p < 0.001). In sum, we found priming of enriched interpretations in all cases where the
same sentence category appeared in both prime and target position, i.e., within-category,
with no significant differences in the size of the effect between the three categories.

2.4.2. Between-Category Priming Effects

To look at whether a common mechanism is responsible for generating the enriched
reading of all three sentence categories, we looked at whether there were significant
priming effects between categories. We initially combined all target categories, restricting
the analysis just to between-category trials; for example, in cases where FC was the
target category, we included only trials where some and number sentences were in prime
position. We then built a model including prime type (basic vs. enriched), target category,
and their interaction. This model revealed a significant main effect of category (χ2(2) =
60.67, p < 0.001), a significant main effect of prime type (χ2(1) = 11.71, p < 0.001), and
a significant interaction of prime type with category (χ2(2) = 6.87, p = 0.032). Note
that both the interaction and the main effect of prime type could be the result of priming
effects in one out of the three combinations of categories (e.g., priming between some
and number, and not between either of these and FC sentences).

Because we are mainly interested in differences in between-category priming across
different pairs of categories, we further broke down the results by each target category
and conducted three separate analyses, looking again only at between-category trials.
Each of these three models included fixed effects of both prime type and prime category,
as well as their interaction. Looking at between-category trials with some targets, we
found a significant interaction (χ2(1) = 7.49, p = 0.006) and a significant main effect of
prime type (χ2(1) = 6.44, p = 0.011), reflecting greater priming from number primes to
some targets than from FC primes to some targets. Simple effects analyses revealed a
significant priming effect from number primes to some targets (Z = -3.53, p < 0.001), but
not from FC primes to some targets (Z = -0.97, p = 0.330). A model of between-category
trials with number targets found no significant main effects, but again, a significant
interaction in the same direction (χ2(1) = 34.21, p < 0.001). Simple effects analyses
revealed a significant priming effect from some primes to number targets (Z = -5.19, p
< 0.001), but not from FC primes to number targets (Z = -0.24, p = 0.814). Finally,
looking at the between-category trials where FC sentences were the target, we found no
significant main effects of either prime type or category, and a marginal interaction (χ2(1)
= 3.08, p = 0.079). Simple effects analyses did not reveal significant priming effects either
from number to FC sentences (Z = -1.24, p = 0.216) or from some to FC sentences (Z
= 0.57, p = 0.568). In sum, we found significant priming effects between number and
some sentences in both directions, consistent with a shared computation underlying the
enriched readings of both categories. In contrast, we found no between-category priming
effects involving FC sentences, in any direction.

2.5. Discussion

Experiment 1 shows evidence that some shared computation underlies the enriched
readings of some and number words, as eliciting the enriched reading of one kind of
sentence made participants more likely to derive the enriched reading of the other kind.
At the same time, it also reveals significant differences in the relative accessibility of
the enriched and basic readings between these two cases, suggesting some additional
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difference in how the readings are generated in each case. In contrast, although an
enriched reading of an FC sentence can prime the same reading of a subsequent FC
sentence, we found no evidence of priming between FC sentences on the one hand, and
sentences containing either some or number words on the other, consistent with there
being no shared computation between the FC reading and the enriched readings in the
other two cases.

3. Experiment 2

Experiment 1 showed that given the choice between the enriched and the basic in-
terpretation of a sentence on enriched prime trials, participants preferred the enriched
reading across all three categories. This raises the possibility that the basic primes,
which forced participants to choose between a strongly dis-preferred basic picture and
an outright false one, might be priming a general permissiveness towards semantic slop
(as when a teacher with 19 or 21 students in their class might say that they have 20
students), or an increased tolerance for dis-preferred readings more broadly, or else an
adaptation to the peculiarities of a specific speaker (Yildirim et al., 2016).

All of these alternative explanations predict that basic prime items would prime par-
ticipants to accept an almost-true, but strictly speaking false interpretation of a sentence.
In Experiment 2, we altered the number of entities shown in number target items, so
that these items would present a choice between an almost-true picture and the Better
Picture option. Recall that the number target items in Experiment 1 used the sentence
There are four Xs paired with a picture showing 6 such Xs, and the Better Picture op-
tion. In Experiment 2, the control targets also used the sentence There are four Xs but
paired it with a picture showing 3 Xs with the Better Picture option. If participants in
Experiment 1 had been primed to accept a dis-preferred reading more generally, they
should be at least as likely to accept this almost-true, but strictly false picture.

3.1. Methods

Participants. We recruited an additional 400 participants on MTurk. 9 participants
were removed because they indicated English was not their native language, and an
additional 41 were removed for failing >10% of filler trials. 88 individual trials were
excluded because a picture choice was made within 500 msec, less than 1% of all trials.

Materials and Procedure. The materials and procedure were identical to the number
target condition of Experiment 1, including all three types of sentences and trials in
prime position. As explained above, the only change was the number of objects in the
basic picture on target items, from 6 to 3.
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3.2. Results

Figure 5: Results for the priming effects in Experiment 2. Bars show the proportion of Better Picture
choices on target items, following either preceding enriched or basic primes within each sentence category.
Error bars show +/- 1 S.E., averaged by subjects.

Figure 5 shows participants’ responses on target items. Participants rejected the
picture with 3 Xs as a match to the sentence There are four Xs, and chose the Better
Picture option, over 99% of the time in each case. A model of prime type (basic vs.
enriched) and category match (between vs. within) showed no significant effects.

3.3. Discussion

Experiment 2 provides evidence that what was primed in Experiment 1 was not the
shift between a sloppy and strict interpretation. In conjunction with the results from
Experiment 1, we have strong evidence that the between- and within-category effects are
due instead to a shared interpretative mechanism.

4. Experiment 3

In Experiment 1, we found no between-category priming involving FC sentences, to-
gether with significant priming between some and number sentences. A deflationary
interpretation is that this priming pattern reflects patterns of picture similarity. The
pictures for some and number items involve many of the same entities (houses, dogs,
ponds, etc.), while the FC items show a figure, two roads, and black boxes, which the
participant is told are covered trucks. Moreover, the basic pictures for both some and
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number items always show more of the relevant entities than their counterpart enriched
pictures, while this is not true for FC items. This alone might be enough to support a
comparatively small between-category priming effect between some and number, mak-
ing participants more likely to choose a basic picture on a target after having chosen a
more visually similar basic picture on the prime. The results of Experiment 2 and of the
Supplementary Experiment show that picture priming alone cannot be responsible for
these effects, since no priming either within-, or between-category occurs if the picture
stays the same but the accompanying sentences do not have an enriched reading (Suppl.
Experiment), or when aspects of the picture change that are only relevant to the in-
terpretation of the accompanying sentence, but not to the patterns of picture similarity
across categories (Experiment 2). Nevertheless, it is possible that picture similarity is
necessary, even if not alone sufficient, for between-category priming to occur. In that
case, the lack of priming between FC sentences and either of the two categories could be
due to the FC pictures being too different from both of the other categories.

To test this possibility, and to replicate Experiment 1, we created a new set of stimuli
in which the very same picture matches one sentence from each of the three sentence
categories on a given reading. For example, one picture could be used to depict the
enriched reading of one some sentence, a different number sentence, and yet another
FC sentence (in its FC reading). The same held for pictures corresponding to the basic
reading (i.e. basic pictures) and pictures that are incompatible with either reading (i.e.
false pictures). As a consequence, a given trial displayed all the same pictures regardless
of whether it involved some, number, or FC sentences, and also regardless of whether it
was part of a within- or between-category trial. If Experiment 3 replicates the results
of Experiment 1, finding between-category priming between some and number, but not
between either of these and FC, it would provide further evidence that priming between
some and number is indeed due to a shared enrichment mechanism, and that the lack
of between-category priming involving FC sentences cannot be due to differences in the
degree of visual similarity between stimuli. It would also show that this pattern of
priming is robust to changes in the specific stimuli.

Participants. We recruited 1200 new participants (400 per condition) using a combina-
tion of the Amazon Mechanical Turk and Testable Minds platforms. 22 participants were
removed because they indicated English was not their native language, and an additional
391 participants were removed for failing >10% of filler trials (which were notably harder
in this experiment). An additional 306 individual trials were excluded because a picture
choice was made within 500 msec, less than 1% of trials.

Materials and Procedure. The logic of the trials and of the procedure was identical to
Experiment 1, but all of the pictures were different. Every picture showed a figure on one
of two floors of a building (upper or lower), with no access to the other floor. Each floor
had the same two kinds of furniture (e.g., a table and a cabinet). Across the two floors,
there were 4 objects of the same kind: bottles, umbrellas, vases, or hammers. However,
one part of each object was uniquely colored (red, blue, yellow, or green), while the rest
was black, showing the object’s identity (e.g., the handle of each hammer was colored,
but the characteristic head was black). In each picture, some of these objects were partly
covered by being placed in an opaque bucket so that the common black part of the object
was still visible, while the unique colored part was hidden. This allowed us to introduce
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uncertainty for the FC sentences, just like covering trucks in Experiment 1 did, while
keeping the kind of object identifiable.

Figure 6 shows an example of each kind of picture. For instance, the basic picture
corresponds to the uncertainty/basic reading of an FC sentence, a number sentence, and
a some sentence. This is achieved by using different components of the picture to verify
each sentence. The some sentences concern which piece of furniture the objects are on,
the number sentence concern the floor they are on, and the FC sentences concern which
color hammers are visible vs. covered, and whether they are on the same floor as the
figure.

Figure 6: Sample prime and target items in Experiment 3. Participants saw either a basic prime or an
enriched prime item, followed by a target item. Example sentences correspond to these items from each
category. The same sentence can be paired with either type of prime or the target item. In basic prime
items, the false picture is shown on the left and the basic picture is shown on the right. In enriched
prime items, the enriched picture is shown on the left and the basic picture is shown on the right. The
actual side of presentation of each picture on prime items was counterbalanced. On target items, the
left-hand picture corresponds to the basic reading and the right-hand picture shows the Better Picture
option. The side of presentation was fixed for all target items.

4.1. Results

We analyze Experiment 3 using the same approach as in Experiment 1. We first
ask whether participants were able to access both the basic and the enriched reading of
sentences in each of the three categories. We then look for both within- and between-
category priming effects.

Accessibility of Basic and Enriched readings. Figure 7 shows just the results from basic
and enriched primes for each of the three categories, again reflecting the accessibility of
the basic vs. enriched reading for each category. As in the corresponding Figure 3 from
Experiment 1, ‘correct’ refers to the choice of the basic (rather than the false) picture on
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basic primes, and the choice of the enriched (rather than the basic) picture on enriched
primes. As figure 7 shows, participants were able to access both types of readings on
their respective prime trials within each sentence category.

To test whether the accessibility of each reading differed between categories, we ana-
lyze the effect of category separately within enriched and basic primes, with the mediate
level of each category coded as the reference level to enable comparisons both up and
down. As in Experiment 1, these analyses showed that participants found the enriched
reading of number sentences easiest to access, preferring this reading more strongly than
in FC sentences (Z = 3.09, p = 0.002), and again for FC sentences more strongly than
in the case of some sentences (Z = -9.21, p < 0.001). However, participants were more
willing to choose the basic reading of number sentences on basic prime items. Indeed,
they had a stronger preference for basic readings of number sentences than FC sentences
(Z = 4.10, p < 0.001), and of FC sentences still more than some sentences (Z = 5.60, p
< 0.001).

Figure 7: Responses on prime items in Experiment 3. Mean proportion of picture choices corresponding
to the type of prime (basic or enriched). Error bars indicate +/- 1 standard error.

We further compared participants’ behavior across experiments to test whether their
stronger preference for enriched pictures on enriched number primes was less susceptible
to changes in the stimuli than their choices on enriched some primes, consistent with
prior findings that the enriched readings of number words are more strongly preferred.
Combining data from both experiments, we selected just number and some prime items
and analyzed the fixed effects of prime category (some vs. number) and Experiment (1
vs. 3). This analysis revealed a highly significant effect of prime category, reflecting more
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choices of the enriched picture on number primes (χ2(2) = 787.64, p < 0.001), a highly
significant effect of Experiment, reflecting overall lower rates of enriched picture choices
in Experiment 3 (χ2(1) = 503.42, p < 0.001). Importantly, it also revealed a highly
significant interaction, indicating a greater difference between some and number primes
in Experiment 3 than in Experiment 1 (χ2(2) = 58.46, p < 0.001), corresponding to a
relatively more stable high rate of enriched picture choices on number primes in both
experiments.

To get another estimate of the relative rates of enrichment between these two cat-
egories, we also looked at average responses on target items, independent of the effect
of the preceding prime. We analyzed the effect of target category on the rate of Better
Picture choices, comparing just some and number target items and finding a significantly
higher rate of Better Picture choices for number (χ2(1) = 50.69, p < 0.001). Finally,
to compare the rate of Better Picture choices on target items across experiments, we
combine data from both experiments and construct a new model including the effects of
category (some vs. number), Experiment (1 vs. 3), and their interaction. We find sig-
nificant fixed effects of target category (χ2(2) = 207.99, p < 0.001), reflecting generally
higher rates of Better Picture choices on number targets, of Experiment (χ2(1) = 385.39,
p < 0.001), reflecting an overall decrease in the rate of Better Picture choices in Exper-
iment 3, and a significant interaction (χ2(2) = 17.81, p < 0.001), reflecting a relatively
smaller decrease in Better Picture choices for number compared to some. On targets as
on enriched primes, participants were again reluctant to choose pictures corresponding to
the at least readings of number sentences, and this tendency was relatively stable across
experiments.
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Figure 8: Results for the priming effects in Experiment 3. Bars show mean proportions of Better Picture
choices on target items after either enriched or basic primes. Columns indicate the prime sentence
category, rows indicate the target sentence category. Error bars show +/- 1 S.E., averaged by subjects.

Priming. Figure 8 shows the results of the priming manipulation, broken down by prime
and target categories. To investigate priming effects both within- and between-category,
we again first fit a model with fixed effects of target category (some, number, FC),
category match (within vs. between) prime type (basic vs. enriched), and all interactions.
We found that each interaction was highly significant; the three-way interaction (χ2(2)
= 20.74, p < 0.001), reflects varying differences in the strength of within-category and
between-category priming, depending on the target category; the interaction of prime
type by category match (χ2(1) = 829.96, p < 0.001) reflects greater priming within- than
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between-category. Unpacking these interactions, we looked at priming within-category
and between-category separately, as in Experiment 1.

4.1.1. Within-Category Priming

We again looked at whether there was a common within-category priming effect
across all three sentence categories, and whether this effect differed between them. The
pattern of results we find replicates Experiment 1. Looking only at within-category
trials between subjects and in a model with the fixed effects of prime type, category, and
their interaction, we find a highly significant main effect of prime type (χ2(1) = 468.88,
p < 0.001), indicating higher rates of Better Picture choices following enriched primes
compared to basic primes; a highly significant effect of category (χ2(2) = 123.11, p <
0.001), indicating the highest rate of Better Picture choices for number targets, and a
significant interaction (χ2(2) = 9.82, p = 0.007), indicating differences in the size of the
within-category priming effects between categories. Simple effects analyses once again
revealed a highly significant effect of prime type in each category (some: Z = -15.64, p
< 0.001; number: Z = -13.25, p < 0.001; FC: Z = -13.22, p < 0.001).

4.1.2. Between-Category Priming

Here, too, we took the same approach as in Experiment 1, and again replicated the
same pattern of results. Selecting only between-category trials, we analyzed the fixed
effects of target category (some, number, FC), prime type (basic vs. enriched), and their
interaction. This model revealed a significant main effect of target category (χ2(2) =
178.72, p < 0.001), a significant main effect of prime type (χ2(1) = 10.18, p = 0.001),
and a marginal interaction of prime type with target category (χ2(2) = 5.61, p = 0.060).

Unpacking these interactions, we looked at between-category priming in each target
category separately, with three identical models that included the fixed effects of prime
category, prime type, and their interaction. We find a significant interaction between
prime category and prime type in number targets (χ2(1) = 6.90, p = 0.009). Analysis
of simple effects revealed a significant effect of prime type from some primes to number
targets (Z = -2.73, p = 0.006), but no effect from FC primes to number targets (Z =
-1.17, p = 0.242). Looking at between-category some target trials similarly revealed
a significant interaction of prime type and prime category (χ2(1) = 8.63, p = 0.003).
Again, simple effects analyses revealed a significant effect of prime type from number
primes to some targets (Z = -2.41, p = 0.016), but not from FC primes to some targets
(Z = 0.57, p = 0.566). Finally, looking at FC targets, we find neither a main effect of
prime type (χ2(1) = 0.76, p = 0.382), nor an interaction between prime type and prime
category (χ2(1) = 0.07, p = 0.787). Simple effects analyses confirmed that there was no
significant effect of prime type either from number primes to FC targets (Z = -0.64, p =
0.520) or from some primes to FC targets (Z = -0.89, p = 0.376). In sum, we find the
same pattern of results in Experiment 3 as in Experiment 1: significant priming effects
between some and number sentences going in both directions, and no priming between
either of these and FC sentences.
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5. General Discussion

5.1. Summary of Results

We set out to test the hypothesis that enriched readings of some and number, together
with FC readings, are derived through the computation of an implicature using a shared,
category-general mechanism. We observed between-category priming effects from some
to number and vice versa, such that accessing the enriched reading for one category
increased the likelihood of accessing the enriched reading for the other category. We
also found evidence that these effects are not reducible to either picture similarity or
variable interpretive tolerance. Our results provide strong support for the view that the
exactly- reading of number is derived through a mechanism that involves at least one sub-
computation also used to derive the enriched reading of some, supporting implicature-
based accounts of both categories.

However, our results also point to important differences between the two categories.
Setting aside the priming effect, the preference for the enriched reading of number is
stronger than the preference for the enriched reading of some relative to their respec-
tive basic readings (based on responses on enriched primes). Independently, the basic
reading of number is more strongly dis-preferred than the basic reading of some. This
is measured by the choice between a picture illustrating the basic readings vs. a picture
that would falsify the relevant sentence under either reading (as in basic primes), and by
the choice between a ‘Better Picture’ option vs. a picture illustrating the basic reading
(as in target items, independently of the preceding prime). Lastly, while the overall rates
of enrichment dropped from Experiment 1 to Experiment 3, which involved a relatively
more difficult task, the decrease in enrichment rates was much more pronounced for some
when compared to number (in line with Marty et al. 2013; De Neys & Schaeken 2007).
Together, these results require a more nuanced analysis than simply accepting or reject-
ing a common implicature-based account for both some and number, as we will discuss
below.

For FC sentences, we found that the choice between the FC reading and the uncer-
tainty reading can be primed within-category, but not between-category by either some
or number. Enriched FC primes likewise did not prime the enriched readings of either
some or numbers. These results pose a challenge for accounts on which FC readings
involve recursive application of the same implicature mechanism. As we discuss below,
the results are consistent both with non-implicature based accounts of FC, and also with
a newer implicature-based account which does not involve the negation of alternatives as
a sub-computation.

Finally, this pattern of results rules out common deflationary explanations for struc-
tural priming effects. Experiment 3 rules out priming based on patterns of picture
similarity, since a single picture matched the same reading of all three sentence cate-
gories, while there was only priming between some and number, and not FC sentences
(see also the control experiment in Supplementary Materials). That the same priming
pattern obtains in Experiment 1, in which the pictures do vary across sentence categories,
also suggests that picture similarity is unlikely to be responsible for the results of that
experiment. Finding the same pattern of results across two experiments using different
materials also makes it unlikely that the results can be explained by differential priming
of more similar verification strategies between a given reading of some and number than
between either of these and the same reading of FC sentences. Such an explanation
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would have to specify what verification strategies could be shared by the primes of some
trials and the targets of number trials (and vice versa), but not between either of these
and FC trials; and the explanation must then hold for both Experiments 1 and 3, or else
explain why they coincidentally happen to produce the same complex pattern of results.
We cannot see such an explanation.

5.2. The Case of Some vs. Number

Our results support the view that speakers use implicature computations when access-
ing the enriched readings of both some and number words. But how can this conclusion
be reconciled with the differences between the two categories found in the current study,
as well as in previous studies?

We propose that instead of viewing implicature as a single mechanism that is ei-
ther used or not, it is best to consider the mechanism in terms of its two major sub-
computations, which are in part independent. Viewed this way, there is a spectrum of re-
lated types of implicature. As discussed in the introduction, these two sub-computations
are:

(10) Core Implicature Mechanism

1.Generate alternative(s)

2.Negate alternative(s)

The dimension along which the implicature spectrum extends is defined by whether each
of these steps is computed online, or else is pre-computed, with its output stored. On one
end of this spectrum, both the generation and negation of the alternatives are computed
online every time. On the other end, both the generation and negation of relevant
alternatives are done offline. Consider the output of the implicature mechanism for a
sentence like, Some of the houses have a fence, namely, Some of the houses have a fence
& not all of the houses have a fence. It results in a meaning for the quantifier some which
can be paraphrased as some but not all. This meaning could be stored as a second lexical
entry for the quantifier, eliminating the need to compute the corresponding implicature
online. The same applies to a sentence containing a number word, like, There are four
dogs. Generating and negating the alternative There are five dogs derives a meaning of
the whole sentence which corresponds to an exactly four interpretation of the number
word itself, and this could likewise be stored as one of its lexical meanings instead of
being computed through an implicature computation every time.

An intermediate possibility is that instead of storing what amounts to an additional
lexical entry for items like some and four, only the alternatives, i.e., the output of the first
sub-computation, are stored together with the basic meaning of a lexical item like some.
These alternatives can then be retrieved when the lexical item is accessed. This is the
assumption behind so-called Horn scales (e.g. Horn, 1972). The second sub-computation,
i.e., the negation of these alternatives, would then still be computed online whenever the
enriched meaning is accessed. Note that the converse is not possible – alternatives cannot
be generated online, but pre-negated and stored offline, because negating an alternative
offline would require that alternative to be available offline as well. This means that,
in sum, there are three possible points on a spectrum from storage to computation that
any given case could occupy: both the generation and negation of alternatives could be
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computed online, both could be pre-computed and their outputs stored as an additional
lexical entry, or the alternatives could be stored while their negation is computed online.

Our results suggest that number words and some occupy different positions on this
spectrum. The between-category priming effects we found for some and number provide
strong evidence that, despite any efficiency that lexical storage of the enriched meanings
might provide, the two enriched meanings do involve at least one shared online compu-
tation. At the same time, the enriched reading is easier to access for number words than
for some, while the basic reading is harder to access, pointing to an important difference.

To explain both the similarity and the difference, we hypothesize that the alternatives
of number words are stored offline, to be negated online when an implicature is called for,
while in the case of some, both the generation and the negation of alternatives happens
online. On this view, the computation that is shared between some and number must
be the negation of alternatives, since only this step is computed online in both cases.
This shared computation of negating alternatives is what gives rise to the between-
category priming effect.5 This view also explains why the enriched reading of number
words is more persistent and strongly preferred than the enriched reading of some: the
alternatives of number words are retrieved (but not always negated) obligatorily when
the lexical meaning of a given number is accessed.

There is independent evidence that the alternatives for each number word are stored
together with its basic meaning. Children first learn number words in a fixed, ascend-
ing order by rote memorizing the count list like a nursery rhyme, creating associations
between the sounds of different number words before they know any of their meanings
(Wynn, 1990; Carey, 2009). When they later begin to learn numerical meanings, they
start with intuitions about how the meanings of unknown number words relate to each
other (Feiman et al., 2019), and rely on the meanings of smaller number words that they
learn first to understand the meanings of words higher in the count list (Barner, 2017;
Barner & Bachrach, 2010). Thus, on multiple accounts, access to numerical alternatives
is necessary to construct numerical meanings. Likewise, evidence from adults shows that
they access numerical alternatives rapidly and automatically during comprehension, as in
SNARC and numerical distance effects (Fias et al. 1996; Dehaene et al. 1990, for review
see Dehaene 2011).

Moreover, in rapid estimation tasks adults do not consistently associate a single quan-
tity (e.g., of dots) with a single number word. Rather, which number word they give
as an estimate of one quantity is influenced by what other number word was previously
given to describe another quantity (Sullivan & Barner, 2013; Izard & Dehaene, 2008).
This suggests that mapping a given quantity to a number word affects mappings for
other number words as well, consistent with the idea that the meaning of number words
involves access to alternatives (for review, see Marchand & Barner 2018).

By contrast, the meaning of the existential quantifier some can be understood without

5Rees & Bott (2018) find that once the alternatives themselves are primed, there is no additional
priming effect of negating those alternatives. They interpret these findings as evidence that the negation
of alternatives cannot be primed, in apparent contrast to our proposal here. However, the separable
effects of priming alternatives and priming negating them need not be cumulative; for example, there
may be a low ceiling on how much can be primed by a combination of different factors. But crucially,
since some and number use different alternatives, the between-category priming effect we observe is most
consistent with our assumption that it is the negation of alternatives which is being primed here (see
also Bott & Chemla (2016)).
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any reference to alternatives like all. The alternative needs to be accessed only when the
enriched reading is at stake. It may therefore be more efficient to compute the alternative
online whenever this enriched reading is accessed, rather than storing it together with
the meaning of some and unnecessarily accessing it every time some is retrieved.

The hypothesis that the alternatives for number are automatically retrieved whenever
a speaker accesses its basic reading can explain why the rate of enriched meanings is
higher for number than for some. This is because generating (and thus activating)
alternatives is not just a sub-computation of the implicature mechanism, but may itself be
a trigger for the implicature to be computed (Chierchia, 2013; Husband & Ferreira, 2016).
And conversely, if the alternatives are not automatically accessed for some, but need to
be computed online, then an overall lower rate of enriched readings, and slower processing
times for these readings when compared to the enriched readings of number, are expected
(see our discussion in section 1.1; e.g. Marty et al. 2013; Bott et al. 2012; Huang &
Snedeker 2011; Panizza et al. 2009; Huang & Snedeker 2009; De Neys & Schaeken 2007;
Breheny et al. 2006; Bott & Noveck 2004; Noveck & Posada 2003, cf. Degen & Tanenhaus
2015; Grodner et al. 2010; Feeney et al. 2004).

This view also entails that the debate between the structural theory of alternatives
(Katzir, 2007) on the one hand and the scale-based view on the other (Horn, 1972) needs
to be reconsidered. Rather than two competing hypotheses about how alternatives are
derived in general, both mechanisms might be instantiated by different phenomena on
the implicature-spectrum (cf. de Carvalho et al., 2016).

5.3. The Case of Free Choice

Contrary to some and number, we find no evidence of a shared implicature computa-
tion with FC readings. This is consistent with the idea that FC readings arise through a
mechanism that is specific to the interaction of modals with a disjunction in their scope
(Aloni, 2007; Simons, 2005), or through a lexically stored, non-standard meaning of or
(Geurts 2005; Zimmermann 2000; see Meyer 2020 for an overview). However, the latter
accounts do not straightforwardly extend to the cases we considered in our experiments,
as they are specific to FC sentences in which the modal operator is interpreted epistem-
ically or deontically, whereas for our stimuli, the most plausible interpretation of the
modal was circumstantial (Kratzer, 2012). The accounts of Aloni and Simons do not ex-
hibit this limitation and are thus consistent with our results without requiring additional
assumptions.

There is however one implicature-based account which is consistent with our results.
Bar-Lev & Fox (2017) propose that in addition to the implicature mechanism in (5) above,
which involves the generation and negation of alternatives, there is also a mechanism
which involves the generation and assertion of alternatives, as shown below (the parts
that differ from (3) are underlined):

(11) Non-negating implicature mechanism for a FC sentence can [A or B]

1. Generate alternatives (can A, can B)
2. Assert these alternatives

Consider the predictions of this account for between-category priming with some and
number. We argued above that the shared computation which was driving the priming
effect between some and number must be the negation of alternatives. If this is correct,
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and if the generation of alternatives cannot be primed at all, then this would predict the
absence of a priming effect with FC, consistent with what we observed. If, on the other
hand, the generation of alternatives can be primed in principle, then we would expect
to find between-category priming between some and FC, contrary to what we in fact
observed.6

Could our results nevertheless be reconciled with a (recursive) implicature account
of FC (Fox, 2007; Alonso-Ovalle, 2006)?7 First, one would have to assume that the
negation of alternatives is not a computation which can be primed at all. To see why
this assumption is necessary, recall that to derive FC readings, these accounts assume a
recursive implicature computation by which first the alternatives to the FC disjunction
are generated, then their enriched reading is computed (by an additional implicature
computation), and finally these enriched alternatives are negated (see section 1.2). Con-
struing the enriched alternatives itself involves the negation of alternatives, as we have
seen above. Deriving the FC reading will therefore involve the negation of alternatives
– twice. Therefore, if negation of alternatives can be primed, we would expect to see
between-category priming effects between some, number and FC, rather than just be-
tween the former two categories.

Assume then that negation cannot be primed. Can our results be reconciled with
the (recursive) implicature account of FC under this assumption? The observed priming
effects between some and number would then be due to the shared computation of
generating or using alternatives. But as we have seen above, this computation is also
involved in the FC reading under the implicature account, leaving the lack of priming
effects between FC and the other two sentence categories unexplained yet again.

The simple hypothesis that only the generation and/or usage of alternatives was
primed thus needs additional assumptions in order to be consistent with the implicature-
based account of FC. Are there any plausible differences in the way alternatives are
generated or used in some/number and FC? While we suggested above that the alter-
natives are stored together with the lexical meaning for number, but generated online
for some when an enriched reading is accessed, it is at least conceivable that contrary
to this hypothesis, the alternatives are lexically encoded (as hypothesized in the original
Horn-scale approach) for both number and some, and thus not generated online at all
in either case. By contrast, the alternatives of FC sentences must be generated online,
depending on whatever lexical material the relevant FC sentence contains. This makes
FC inferences a special case of so-called ad hoc implicatures (Hirschberg, 1991), in which
the alternatives are generated using the immediate linguistic material in the relevant
sentence itself.

Could this explain the lack of between-category priming with FC sentences? Previous
results from Bott & Chemla (2016) weigh against this hypothesis. Bott & Chemla show
that ad hoc implicatures can prime and be primed by enriched readings of some and
number. This entails that either all of some, number, and ad hoc-implicatures involve

6Another recent suggestion is the hybrid account of Champollion et al. (2019), which derives FC
readings through a combination of probabilistic/game-theoretic reasoning and implicature computation.
By itself this would wrongly predict between-category priming with some and Number. However, the
exact predictions depend on how the model would derive uncertainty readings, and are therefore difficult
to assess.

7The simple, embedded implicature mechanism of Klinedinst (2007) also involves the generation and
negation of alternatives, which is why our argument in what follows applies to this account as well.
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the online generation of alternatives after all, in which case we would expect priming
with FC as well. Alternatively, it could mean that priming effects arise across categories
even when one category involves lexically-stored alternatives and the other involves the
online generation of alternatives. But this just means that we would again expect FC to
exhibit priming with some and number, contrary to fact.8

We think that a more plausible explanation that is consistent with a recursive im-
plicature account is the following. Recall that our FC basic primes presented a choice
between a basic/uncertainty picture in which only one disjunct was true (though it was
not revealed which one), and a false picture in which none were true. Going back to our
example item from Experiment 3, for the sentence He can pick up the red vase or the
yellow vase, one picture presented the person as being able to pick up one of the relevant
vases, whereas in the other picture he could not pick up any of the vases. In the FC en-
riched primes, the choice was between an enriched/FC picture in which the person could
pick up both relevant vases, and a basic/uncertainty picture in which only one relevant
vase was reachable. We did not provide any information as to whether it was possible
to pick up two vases. Therefore, while the basic picture always also verified the addi-
tional exclusivity implicature It is not the case that he can pick up the red vase and the
yellow vase, the FC picture was under-determined with respect to this implicature. Con-
sider now how this could have influenced the between-category priming pattern. Assume
that participants had indeed derived the additional exclusivity implicature in basic FC
primes, but not in enriched FC primes. If the FC reading was derived through a separate,
non-implicature mechanism, we would have expected to observe an anti-priming effect
between FC and both some and number, as only the basic prime trials would involve
computing an exclusivity implicature. If, on the other hand, the FC reading was derived
through a recursive implicature mechanism, the expected priming effect could have been
masked, as the basic, uncertainty primes would have contained a (simple) computation
of the exclusivity implicature, while the enriched, FC primes would have contained a
recursive implicature computation to derive the FC reading. The differences between
a simple and a recursive implicature computation might not be pronounced enough, so
that both types of FC primes would have primed implicature computations, resulting
in a lack of priming effect overall. Still, this does require assuming that readings that
involve a recursive application of implicature are neither a better prime nor a more sensi-
tive target than readings that rely on just one implicature computation. Future research
could investigate whether both basic and enriched FC primes increase the rate of en-
riched readings of number and some targets relative to a baseline in which the primes
are replaced with filler items that involve no implicature computations.

While we cannot completely rule out an implicature-based account of FC readings,
our results are more clearly consistent with two other types of accounts of FC: those which
posit interpretative mechanisms specific to the interaction between a modal operator and
a disjunction, and a novel implicature-based account which assumed the assertion rather
than the negation of alternatives as a sub-step of the implicature mechanism.

8Parallel reasoning applies to our discussion of Bar-Lev & Fox (2017) above. We argued there that
if the generation of alternatives cannot be primed, then our results are consistent with their inclusive
implicature account of FC. To maintain the account even under the assumption that generation of
alternatives can be primed in principle, Bar-Lev & Fox would have to maintain that differences in the
way alternatives are generated lead to a lack of priming, which would again conflict with the results
from Bott & Chemla (2016).
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5.4. Further Methodological Contributions

5.4.1. Picture Priming

Experiment 3 established that picture similarity appeared to play no role in either
within- or between-category priming effects. With all trials containing the same pictures,
we found the priming effect not merely reduced between FC and the other categories, but
absent altogether, replicating our findings from Experiment 1. While picture similarity
did not seem to play a role in these experiments, controls for picture similarity will
continue to be necessary in each new task, at least until the factors that drive priming
based on visual similarity in structural priming tasks are better understood. To this
end, it may help to consider why we found no priming based on picture similarity here.
We designed the stimuli in Experiment 3 so that each type of sentence would require
verification from different aspects of the same picture (e.g., looking at how many objects
are on which floor to verify number sentences, but looking at the proportion of objects
on each type of furniture across both floors to verify sentences with some). We suspect
that participants may not have been primed by picture similarity across sentence types
because they were attending to different parts of the picture in each case. This suggests
that semantic interpretation of sentences takes precedence over visual categorization
when participants are asked to match a picture to a sentence, such that visual similarity
cannot override interpretative choices. It further suggests that structural priming studies
may need to worry less about sheer visual similarity between stimuli, and more about
shared verification strategies relative to the linguistic materials (see also Feiman et al.
2020), a concern which the design of Experiment 3 also rules out in this case.

5.4.2. Rates of Implicature with Different Stimuli

Our experiments add important insights into the role of stimuli in the overall rate at
which participants compute implicatures, i.e., access enriched readings. We find a very
high rate of enrichment in Experiment 1 compared to Bott & Chemla (2016), perhaps
because we use naturalistic displays instead of configurations of abstract symbols. By
contrast, the rate of enrichment is much lower in Experiment 3, even though we still use
more naturalistic stimuli. This difference could be due to the complexity of the task, in
line with other results indicating that cognitive load lowers the rate at which speakers
compute implicatures (Marty et al., 2013; De Neys & Schaeken, 2007).

5.4.3. Stimuli for Assessing Free Choice Readings

Our results demonstrate that the stimuli we developed for both Experiment 1 and
Experiment 3 provide a useful way of investigating interpretations of FC disjunctions.
Participants’ performance on both kinds of primes indicates that they had no difficulties
with these items, even though they involved a complex manipulation including covered
objects and a partially ignorant narrator. This manipulation constitutes an essential
improvement compared to other items used to elicit FC readings (e.g. Chemla & Bott
2014), as it made both the uncertainty and the FC reading pragmatically felicitous. On
target trials, we obtained a relatively high rate of responses consistent with an uncer-
tainty reading (∼ 75%), as well as a within-category priming effect, which suggests our
manipulation was successful at making both readings available and felicitous.
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5.5. Conclusion

Implicature is usually thought of as all-or-nothing – either a given meaning is derived
through implicature, or it isn’t. We have argued for a different perspective. The two main
sub-computations in the implicature mechanism – generating alternatives and negating
them – can be considered independently, leading to a view of implicature as a spectrum.
On one end of this spectrum, both are computed online. On the other, the output of both
computations is stored as a separate lexical entry. In the middle, only the negation, but
not the generation of alternatives is computed online. This finer-grained perspective on
implicature allows us to reconcile a seemingly conflicting pattern of results. Extending
our investigation to Free Choice disjunctions, we find no evidence of any shared sub-
computations between this and more canonical cases of implicatures such as some and
number, constraining theories that explain Free Choice as a case of implicature.
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6. Appendix 1: Practice Phase for Experiments 1-3

6.1. Practice Phase for Experiments 1 and 2

NB: Every item (marked −) appeared on a separate screen. Square brackets describe
accompanying pictures. ”vs.” denotes the presence of two picture options and a forced
choice between them
– Hi! Thanks for helping me out today! Click NEXT to start the experiment.
– I’m always going to tell you what I know. YOU have to guess which picture I’m talking

about!
– Let’s practice!
– Three houses are green [3 green houses vs. 1 green house]
– You should choose the ’Better Picture’ option if you feel the picture doesn’t capture

the meaning of my sentence well enough.
– There are birds [scene with no birds vs. ’Better Picture’]
– Now let’s meet my friend
– Sometimes, I know where he can go
– Here, he can go to the red truck or to the yellow truck [unlocked roads to both trucks]
– And here, he can go to the yellow truck but not to the red truck [unblocked road to

yellow truck; blocked road to red truck]
– My friend always works with a red truck and a yellow truck. There are no other trucks
– But sometimes, I can’t see the trucks because they are covered, so I don’t know which

is which. I will tell you all I know
– Now I can’t see the trucks. But I will tell you what I know: My friend is near the

yellow truck or near the red truck [two covered trucks, person can only access one of
them]

– Let’s see which one it was!
– Look, it was the yellow truck! [same picture with trucks uncovered; the truck person

could access is yellow, inaccessible truck is red]
– Here is another picture
– My friend is near the yellow truck or near the red truck [two covered trucks, person

can only access one of them]
– Let’s see which one it was!
– Look, it was the red truck! [same picture with trucks uncovered; the truck person

could access is red, inaccessible truck is yellow]
– Now I will describe where my friend can go
– He can go to the red truck or to the yellow truck [two covered trucks, person can only

access one of them]
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– Here is another picture
– He can go to the yellow truck or to the red truck [two covered trucks, person can access

both of them]
– Remember, I always tell you what I know, and YOU have to guess which picture I’m

talking about!
– Let’s practice one more time!
– He can go to the red truck but not to the yellow truck [both trucks accessible vs. red

truck accessible and yellow truck inaccessible]
– Also remember that you should choose the ’Better Picture’ option if you feel the picture

doesn’t capture the meaning of my sentence well enough.
– He can go to the yellow truck or to the red truck [two covered trucks, both inaccessible

vs. ’Better Picture’ option]
– Now you’re ready to start!

6.2. Practice Phase for Experiment 3

NB: Every item (marked −) appeared on a separate screen.
– Hi! Thanks for helping me out today! Click NEXT to start the experiment
– This is my friend: [figure]
– He lives on one of the floors in this building: [entire building]
– He doesn’t have access to the floors above or below him!
– I can see what’s going on on all of the floors. Let’s zoom in!
– The rooms have tables and cabinets [furniture]
– And there are some objects in the rooms
– Here, my friend can pick up the red hammer or the yellow hammer. He cannot get the

green or the blue hammer because they are on the other floor [red, yellow hammer on
floor with figure; blue, green hammer on other floor]

– And here, he can pick up the red umbrella, but not the yellow one [red umbrella on
floor with figure; yellow umbrella on other floor]

– Did you notice the four colors? Red, yellow, blue and green. There is always one
object in each color. There won’t be any other colors [all objects in 4 colors]

– You see: There is a red hammer, a yellow hammer, a green one, and a blue one [objects
mentioned in rooms]

– Sometimes, I can’t see the color of the objects. But I will tell you all I know!
– Now, I can’t see the color of all the vases, but I will tell you what I know: My friend

can pick up the green vase or the blue vase [1 partially covered vase on floor with
figure, red, yellow, and 1 partially covered vase on other floor]

– Lets see which one it is!
– Look, it’s the blue vase! [same picture, vases now fully visible]
– He can pick up the green hammer or the blue hammer [1 partially covered hammer on

floor with figure; red, yellow, and 1 partially covered hammer on other floor]
– Look, it’s the green hammer! [now fully visible]
– He can pick up the red vase or the yellow vase [2 vases partially covered on floor with

figure, blue, green hammer visible on other floor]
– Look, I was right! [now fully visible]
– Now let’s get started. I am always going to tell you what I know. YOU have to guess

which picture I’m talking about. Let’s practice!
– There are three bottles on the upper floor [true vs. false picture]
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– And you should choose the ’Better Picture’ option if you feel the picture doesn’t
capture the meaning of my sentence well enough

– There are hammers [false picture vs. ’Better Picture’]
– Remember, you have to guess which picture I’m talking about. Let’s practice one more

time!
– All of the umbrellas are on the tables [true vs. false picture]
– Now you’re ready to start!
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7. Appendix 2: Filler Items in Experiments 1-3

7.1. Number Fillers

Figure 9: Exp 1 Number Filler Type I
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Figure 10: Exp 3 Number Filler Type I
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Figure 11: Exp 1 Number Filler Type II
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Figure 12: Exp 3 Number Filler Type II
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Figure 13: Exp 1 Number Filler Type III
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Figure 14: Exp 3 Number Filler Type III
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7.2. Exp 1 Some Fillers

Figure 15: Exp 1 Some Filler Type I
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Figure 16: Exp 3 Some Filler Type I
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Figure 17: Exp 1 Some Filler Type II
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Figure 18: Exp 3 Some Filler Type II
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Figure 19: Exp 1 Some Filler Type III
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Figure 20: Exp 3 Some Filler Type III
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7.3. Exp 1 Free Choice Fillers

Figure 21: Exp 1 FC Filler Type I
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Figure 22: Exp 3 FC Filler Type I
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Figure 23: Exp 1 FC Filler Type II
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Figure 24: Exp 1 FC Filler Type II
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