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Abstract
Numerous linguistic phenomena have been described as giving rise to truth value gaps:
presuppositions, homogeneity, vagueness, as well as various sorts of implicatures. The similarities and differences between these phenomena are most traditionally studied through
their projection properties, investigating whether these various sources of gap give rise to
the same behavior under negation, modals, in the restrictors and scopes of various quantifiers, etc. We propose to add a new method in the linguist toolbox to address the same
comparative question, asking how probabilities are assigned to sentences under the risk of
a truth value gap. This question is directly imported from the classical issue in philosophy
of language concerned with deciding what the probability of a conditional sentence is, and
we also import experimental methods which have been used to illuminate this issue. In
three experiments, we show that homogeneity and vagueness consistently behave alike by
this measure, while presuppositions behave differently, with surprising differences within the
class of presupposition triggers, however.

1

Gappy sentences

Natural language contains several types of sentences which, in some situations, we would be
reluctant to categorise as either simply true or simply false. If we consider the sets of situations
in which such sentences are true and those in which they are false, these two sets are not
complementary — there is a gap between them. In situations that fall into this gap, the sentences
have some sort of third status. We call such sentences gappy.1
A paradigmatic example of such are various kinds of presuppositions. Take the famous
example of the existence presupposition of definite descriptions: Evaluated at the present day,
(1) is certainly not true, but it isn’t simply false, either. It rather seems to incur some different
kind of failure than plain falsity.
(1)

France has no king.
The king of France is bald.

Another type of sentence involves vague predicates, such as colour terms. For certain shades,
colour ascriptions like (2) are neither clearly true nor clearly false.
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1
Philosophers usually distinguish between truth-value gaps (neither true nor false) and gluts (both true and
false), see, e.g., Priest (1987). We do not mean to imply that all phenomena discussed here involve gaps in this
strict sense. Rather we will simply qualify as ‘gappy’ a sentence to which there is no obvious way to attribute a
single classical truth value. We only come back to the distinction between proper gaps and gluts in Experiment 2
and Appendix A.1.
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(2)

The leaf is somewhere in between yellow and green.
The leaf is green.

Yet another class of sentences involves the so-called homogeneity of plural predication: If a
(distributive) property is ascribed to a plurality of objects some of whom have the property and
some of whom don’t, the sentence seems to have some kind of intermediate status.
(3)

Only half of the triangles are green.
The triangles are green.

Note that in this case, the gappiness comes into particularly sharp relief through the existence
of a non-gappy counterpart: In the same situation, (4) is plainly and simply false.
(4)

All the triangles are green.

Finally, sentences which contain items that trigger scalar implicatures, such as some, also face
situations in which they have a somewhat special status, namely those where the literal meaning
of the sentence is true, but the implicature is false.
(5)

John ate all of the cookies.
John ate some of the cookies.

This variety has led researchers to ask the question of whether all these types of gappiness
(presuppositions, vagueness, homogeneity, and scalar implicatures) are conceptually distinct or
whether some of them can be unified. In particular, homogeneity has been regarded as a presupposition (Schwarzschild 1994; Löbner 2000; Gajewski 2005) or a special case of scalar implicature
(Magri 2014), parallels between homogeneity and vagueness were suggested by Spector (2012)
and discussed by Križ (2015), the difference between scalar implicatures and certain kinds of
presuppositions has been questioned (Chemla 2009; Romoli 2014), and the connection between
vagueness and presuppositions has been investigated (Zehr 2014; Spector 2015).
Gappy sentences have recently also come under experimental investigation. For instance,
homogeneity, presuppositions, vagueness and scalar implicatures have all been subjected to
ternary judgments of truth of a sentence with respect to a display, contrasting for instance
completely true, completely false, or neither (see Križ & Chemla 2015 or Zehr 2014 for a review).
These results can in principle be used to compare phenomena on quantitative grounds. More
sophisticated methods could be used, too, such as a comparison between the age at which
children acquire different kinds of gappiness (e.g. Yatsushiro 2008; Tieu et al. 2015b,a), or a
look at whether response times indicate differences at the level of processing (e.g. Chemla &
Bott 2011, 2014; Cremers & Chemla 2014; Romoli & Schwarz 2015; Schwarz 2015).
In the present paper, we present a novel way of comparing different types of gappy sentences,
which in principle can be made very general. Instead of investigating truth values assigned to
simple sentences (as discussed above) or to complex sentences (the classical projection problem),
we will propose to look at how speakers assign probabilities to gappy sentences.

2

Intuitive Probability Assignments

Assume we are faced with a finite set of equiprobable possible situations, one of which is realised
at random. It is obvious, then, how to assign a probability to a non-gappy sentence, i.e a sentence
which is always either true or false: Its probability is just the fraction of situations in which it
is true. If S is our sentence, the cardinality of the set of all the possible situations is #total,
and the number of situations in which S is true is htruei, then we have
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(6)

P (S) =

htruei
#total .

If we are dealing with a gappy sentence, however, it is not quite so clear a priori what we should
do. An important inspiration for our experiment comes from conditional sentences, whose
interaction with probability is the subject of a large body of work from linguistics, philosophy
of language, and psychology of reasoning. According to Adams’ famous thesis (Adams 1975), the
probability of a conditional is the conditional probability of the consequent given the antecedent,
that is to say P (If A, C) = P (C|A). One attempt to make sense of this has involved the
assumption that conditionals, too, are gappy in a particular way: If A, C is true if both A
and C are true, false if A is true and C is false, and neither true nor false if A is false. One
can then devise a rule for assigning probabilities to gappy sentences that yields the conditional
probability in this case: The probability of S is the probability of its being true, given that
it is either true or false (De Finetti 1937/1964; Belnap 1970; Rothschild forthcoming). This
means that gap situations are effectively discounted from the sample space. Since a conditional
is either true or false only if the antecedent is true, and true if the consequent is as well, this
yields the conditional probability of the consequent, given the antecedent, as Adams’ thesis
would have it. In our above notation, this probability assignment rule is the following:
(7)

P (S) =

htruei
htruei+hfalsei

If instead we applied rule (6), we would assign the conditional simply the probability of its
being true, which is the probability of the conjunction of the antecedent and the consequent,
since we are basically counting gap cases together with cases of falsity.
Finally, there is also the probability of the material conditional, which is only false if A is true
and C is false, and otherwise true. Assuming the view of the conditional as a gappy sentence,
the probability of the material conditional would be obtained by the following assignment rule,
where gap cases are effectively counted like true cases:
(8)

P (S) =

htruei+hgapi
#total

The above view of conditionals as having a gap where the antecedent is undefined, although
probably too simplistic for most linguistic purposes, serves as a crucial source of inspiration
for our experiment. Politzer et al. (2010) have, indeed, gathered naive subjects’ judgements
about such probabilities of conditionals (see also Evans et al. 2003 and Over et al. 2007, a.o.).
Consider Fig. 1 for concreteness (this specific example is from our own experiment, but similar
in spirit). Politzer et al. found that participants responded according to a material conditional
interpretation 2% of the time (“5 chances out of 6”) as if P (IfA, C) = P (¬A ∨ C), gave the
conditional probability 69% of the time (“4 chances out of 5”), in accordance with Adams’s
thesis P (IfA, C) = P (C|A), but they also opted significantly often (14%) for the probability of
the conjunctive statement A and C (“4 chances out of 6”), as if P (IfA, C) = P (A ∧ C).
The three probability assignment rules above have various intuitive plausibilities for different kinds of gappy sentences. Data on which rule subjects employ in what percentage of cases
could therefore serve as a diagnostic of whether two types of gappy sentences are to be conceptually identified or need to be kept apart. We will now present three experiments in which
we investigate the probability properties of a number of phenomena. Table 1 offers a bird eye
view over these experiments, specifying which phenomenon was tested, with an example of a
particular sentence used and a representation of a corresponding gap situation. But we will
introduce each of them in more detail in due course.
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Figure 1: A target trial for conditional
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Experiment 1

We asked participants to assign a probability to a sentence given a random pick from a given
set of cards, where each card could make the sentence true, false, or neither. We were interested
in whether the treatment of gap situations for the purposes of probability judgements could be
used as a diagnosis to differentiate gappy phenomena. One could in principle consider more rules
and strategies than the three we proposed in section 2. For instance, participants might take
into account how close the gap cases are to being cases of truth or falsity. However, in order not
to overly complicate the experimental design, participants were presented with a forced choice
among a predetermined set of probabilities.
For this experiment and the following ones, the whole data set and relevant R-scripts
for analyses are available online at http://semanticsarchive.net/Archive/DZjNWY0N/
Cremers-Kriz-Chemla-ProbasAndGaps.html. For this particular experiment, there is also
a link to a copy of the experiment (no data would be saved).

3.1

Stimuli

Each trial was made of a sentence, a grid of 6 to 9 cards and a list of 5 response options, see an
example in Fig. 1. For each trial, a target shape and a target color were selected at random.
The shape was either square, circle or triangle. The color was chosen from a colorblind friendly
set of orange, (sky) blue, green and yellow. We used these [shape]s and [color]s to construct
sentences of the form in (9).
(9)

a.
b.
c.
d.
e.

Conditionals:
Presuppositions:
Scalar implicatures:
Vagueness:
Homogeneity:

If there is a [shape], it is [color].
The [shape] is [color].
Some of the [shape]s are [color].
The [shape] is big.
The [shape]s are [color].

For each sentence, cards were automatically generated so that they would make the sentence
clearly true, false or gapped (see Table 2 for illustrative examples).2 An experimental condition
can then be defined by (the constraints on) the numbers of cards of each type in the arrangement
(htruei, hfalsei, hgapi): control conditions included htruei and hfalsei cards but no hgapi card
while, crucially, target conditions also included hgapi cards. Beyond this, we required that
2

When needed, in particular to generate false cards for a sentence, colors and shapes different from the ones
in the sentence were picked at random.
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Gap
Situation

Phenomenon & Sentence

Exp. 1

Exp. 2

Exp. 3

Conditional
If there is a square, it is green.

⊕

⊕

⊕

Implicature
Some of the circles are blue.

⊕

⊕

⊕

Vagueness
The circle is big.

⊕( )

⊕

⊕

Homogeneity
The circles are blue.

⊕

⊕

⊕

Presupposition – definite
The circle is blue.

⊕

⊕

⊕

Presupposition – additive particle
The triangles are orange, too.

⊕

⊕

Presupposition – soft trigger (1)
The circles stopped being blue.

⊕

Presupposition – soft trigger (2)
The letters stop being blue at D.

⊕

Table 1: Summary of our experiments. The last columns indicate whether a phenomenon was
tested in the main part of a particular experiment, either in its affirmative form as exemplified
in the first column (⊕), or with an added negation ( ). Note that a negative sentence for
Vagueness was tested in Experiment 1 as a control. It is discussed in the appendix.
htruei ≤ 5, hfalsei ≤ 3, hgapi ≤ 7, 6 ≤ #total ≤ 9.

3.2

Task and response choices

Participants were asked to assign a probability to the sentence being true for a random pick
of one of the cards displayed. They were asked to select their response from a set of 5 options
schematically described in (10). The extreme options (10-a) and (10-e) are there for good
measure; the intermediate options would tell us whether gaps count as failures (10-b), are
ignored for the purposes of probabilities (10-c) or count as successes (10-d). (For control items,
we picked a dummy value for hgapi among −2, −1, 1, 2. It was not used to display hgapi cards,
but only to obtain a similar set of 5 response options.)
(10)

a.

No chance at all
5

gap

gap
gap

true

Homogeneity
The circles are green.

gap

true

false

Scalar implicature
Some of the circles are yellow.

false

true

Vagueness
The circle is big.

gap

true

false

Presupposition
The square is yellow.

false

true

false

Conditional
If there is a square, it is orange.

Table 2: Examples of True, False and Gap cards used for each phenomenon. For conditionals,
we consider it a “gap” when the antecedent is not true.
b.
c.
d.
e.

3.3
3.3.1

htruei
htruei
htruei+hgapi
100% chances

chances out of
chances out of
chances out of
(certainty)

#total
#total – hgapi
#total

Method
Participants

100 participants were recruited on Amazon’s Mechanical Turk. They received $0.40 for their
participation, which represented about 3 minutes in total. 16 of them were removed from the
analyses because their error rate on controls exceeded the mean error rate (15%) by more than
one standard deviation (threshold for exclusion: 38%). Among the remaining 84 participants,
the error rate was at 6.2%. The average age was 32 (range 19-60), 30 participants were female.
3.3.2

Instructions

After validation of the consent form, participants received minimal instructions:
In this task, we will show you series of a sentence and a set of 6 to 9 cards.
In each case, imagine you have to pick one of the cards at random. We will ask you
to indicate the chances that the given sentence ends up being true.
This is not a math test, we are interested in your intuitions. Do not think too long
or do any complicated calculus.
3.3.3

Procedure

Each participant saw one control item and one target item for each of the five phenomena of
interest (presupposition, vagueness, homogeneity, scalar implicatures, conditionals). These 10
6

items were generated on the fly and presented in random order. After these items, we asked four
more questions in non-random order to (a) ensure that our vagueness conditions were indeed
vague and (b) rule out a certain strategy for the homogeneity sentences. These specific controls
are described in the appendix, the bottom line being that sufficiently many participants behaved
as expected (evaluating as vague the cases we saw as vague and treating homogeneity sentences
properly).
3.3.4

Questionnaire

After completing the experiment, participants were asked to fill in a small questionnaire, asking
for their age, native language(s) and sex. They were also given the possibility to express free
comments about the experiment, including documenting possible strategies they could have
used. We did not obtain much information from this question (more than half of the participants
did not fill this in at all, most others just said they did not use specific strategies).

3.4

Results

The raw data and an R script performing the main analyses presented here
are
available
online
at
http://semanticsarchive.net/Archive/DZjNWY0N/
Cremers-Kriz-Chemla-ProbasAndGaps.html.

Number of participants

80

Types
response
Type of
of response
100% chances
100% chances
<true>+<gap> out of #total
htruei
hgapi- <gap>
out of #total
<true>
out +
of #total
<true>
out of
#total
htruei
out
of #total − hgapi
Nohtruei
chance out
at all of #total

60
40

No chance at all

20
0
Conditional

Implicature

Presupposition

Vagueness

Homogeneity

Figure 2: Counts of participants choosing each type of response on the target conditions for
each phenomenon in Experiment 1.

3.4.1

Individual phenomena

The results for target conditions are represented in Fig. 2. For each phenomenon, a χ2 -test on
the distribution of responses shows that participants did not pick their response at random (all
χ2 (4) > 75, p < 10−14 ).
In a second series of χ2 -tests, the majority response was removed for each phenomenon. They
also all turned out significant (all χ2 (3) > 25, p < 10−4 ), suggesting that for each phenomenon
at least two different responses were given more often than expected by chance.3
Although we are more interested in the comparison between phenomena, we will come back
to these results about individual phenomena in the discussion. But we immediately note a
reassuring outcome: we replicate Politzer et al.’s (2010) initial results. Conditionals are never
assigned the probability of the material conditional. Rather, participants select either the
conditional probability of the consequent, given the antecedent (P (C|A)), or the probability of
the conjunction of antecedent and consequent (P (A ∧ C)). In our experiment, the latter option
3
If we exclude the 0% and 100% responses, all these tests are still significant, the ‘least’ significant being the
case of presuppositions after removing the majority response: χ2 (1) = 6.2, p = .013.
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was chosen roughly half of the time, which is noticeably more often than in Politzer et al.’s (2010)
experiment, where the same response was also found, but in no more than a fifth of cases. We see
no profound explanation for this quantitative difference, although the experimental paradigms
were different in a number of respect. The crucial point for our paradigm is that participants
sometimes ignore some cards in assigning probabilities (the P (C|A) option, following rule (7)).
3.4.2

Comparison between phenomena

For each pair of phenomena, we fitted a quasi-poisson model with three predictors: Phenomenon
(2 levels), Response (excluding 0% and 100%, 3 levels), as well as their interaction.4 The interaction effect was tested by comparing each model with a similar model without the interaction
term. The results are shown in Table 3 for each phenomenon. With the exception of Vagueness and Homogeneity, every comparison turns out to be significant (with very low p-values,
alleviating worries about multiple comparisons), which, in a word, says that the distribution of
responses varies from one phenomenon to the next.

Conditional
Implicature

Implicature
χ2 = 87
p < 10−15

Presupposition
χ2 = 23
p < 10−4
χ2 = 64
p < 10−13

Presupposition
Vagueness

Vagueness
χ2 = 71
p < 10−15
χ2 = 12
p = .003
χ2 = 32
p < 10−6

Homogeneity
χ2 = 54
p < 10−11
χ2 = 9.9
p = .007
χ2 = 27
p < 10−5
χ2 = 2.6
p = .27

Table 3: Model comparison for each pair of phenomena in Experiment 1. The model with main
effects and interaction of Phenomenon (2 levels) and Response (3 levels) is compared to the
model with main effects only. All χ2 values with 2 degrees of freedom.

3.5

Discussion

Let us first consider sentences with an existential presupposition triggered by a definite article.
Participants overwhelmingly assigned to them the probability corresponding to the number of
cards that made the sentence true divided by the total number of cards, whether the sentence
htruei
is true, false or neither ( #total
). This in a sense is indeed the mere probability that the sentence
is true. In a minority of cases, however, participants chose the probability of the sentence
being true conditional on the presupposition being fulfilled. Crucially, participants never treat
the sentence as if it were true in any gap situation. This will become of particular interest in
Experiment 2 and 3, where we compare definite descriptions with other presupposition triggers.
The responses for sentences with scalar implicatures are more evenly split between the
probability of the literal meaning without implicature (effectively reducing gappiness to truth)
and the probability of the strengthened meaning (reducing gappiness to falsity), with a slight
majority for the first option. This is easily accounted for by simply assuming that scalar
implicatures are optional in some way. Putting together the results for presupposition and
scalar implicatures, we find prima facie evidence for a difference, contra Chemla (2009), Romoli
(2014), thus confirming previous experimental results obtained through very different methods
4

Note that the models with interaction are saturated (0 degree of freedom) and therefore do not differ from
simple poisson models because they cannot be over-dispersed. Yet, the models without interaction are not, so
quasi-poisson models are needed.
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(Bill et al. 2014; Cremers & Chemla 2014; Kennedy et al. 2015) Furthermore, a preference for
one option (counting as true/false) over the other may be influenced by a variety of factors and
need not necessarily reflect a qualitative difference between two phenomena (cf. van Tiel et al.
2014 for arguments that variability within scalar implicatures may be to be expected).
Vague predication and homogeneity introduced by plural predication show the same pattern:
Responses were predominantly split between counting the gap cases as true and counting them
as false for the purposes of probability judgements, with the difference being that the modal
response was to count them as false; unlike for implicatures, where the reverse was the case. This
is certainly suggestive of a conceptual similarity between the two.5 What unites homogeneity
and vagueness in a way that is relevant for making sense of the result of our experiments is
that in both cases, there are situations in which a given gap case could, for the purposes of
communication and judgement, be treated as true or false. With a vague predicate, this follows
directly from the context-sensitivity of the cutoff point. With homogeneity, the phenomenon
that such a sentence can under some circumstances, depending on the communicative context,
be counted as true (or false) is known as non-maximality. Our results thereby provide prima
facie evidence against the idea that homogeneity is related to either scalar implicatures (Magri
2014) or presupposition (Gajewski 2005), but the caveats mentioned above apply.

4

Experiment 2

In Experiment 2, we extend the empirical basis to more kinds of presupposition triggers to see
whether or not they behave uniformly with respect to the task at hand. In either case, the result
is useful: If a characteristic is found that is shared between all presupposition triggers, then this
can be used to tell apart presuppositions from other phenomena; and if they do not behave alike,
then the paradigm is potentially illuminating for the classification of presupposition triggers.
In addition to the 5 phenomena we tested in Experiment 1, we therefore also investigated the
presuppositions associated with the additive particle too 6 and the change-of-state verb stop. We
also decided to add negated sentences whenever possible: in Experiment 1, negated sentences
were used as a mean to detect participants who saw our vague cases as clearly big or clearly not
big, and were systematically administered at the end of the main part of the experiment. In this
experiment, we generalized the use of negative sentences as a mean to investigate projection.
Yet, the scalar term some and the additive particle too are positive polarity items, so they
cannot appear under negation. We also did not test negative conditional sentences, since the
negation can only appear in the consequent and does not correspond to the negation of the
whole sentence.

4.1

Stimuli

For the controls and affirmative targets corresponding to the 5 phenomena studied in the previous experiment, we made no change at all. The affirmative and negative sentences for each
phenomenon are given in Table 4. For the negative sentences, the display was the same as for
affirmative sentences, but for the computation of the probabilities in the response options, htruei
and hfalsei were switched. The cards for the two new phenomena are presented in Table 5.
5
See Križ (2015:ch. 1) for discussion of further parallels, but also disparallels, between homogeneity and
vagueness, as well arguments against the presuppositional and implicature theories of homogeneity.
6
We would like to thank Kristen Syrett for this suggestion.
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Phenomenon

Affirmative sentence

Negative sentence

Conditional
Scalar implicature
Vagueness
Homogeneity
Definite article
Particle too
Verb stop

If there is a [shape], it is [color].
Some of the [shape]s are [color].
The [shape] is big.
The [shape]s are [color].
The [shape] is [color].
The [shape]s are [color] too.
The [shape]s stopped being [color].

(not implemented)
(not implemented)
The [shape] is not big.
The [shape]s are not [color].
The [shape] is not [color].
(not implemented)
The [shape]s didn’t stop being [color].

Table 4: Target sentences from Experiment 2.

gap

false

true

Additive particle: too
The triangles are orange too.

gap

false

true

Change of state verb: stop
The circles stopped being blue.

Table 5: Examples of True, False and Gap cards used for the two presupposition triggers we
added in Experiment 2. For other phenomena, see Table 2.

4.2
4.2.1

Method
Participants

99 participants were recruited on Amazon’s Mechanical Turk. They received $0.40 for their
participation, which represented about 3 minutes in total. 21 of them were removed from the
analyses because their error rate on controls exceeded the mean error rate (16.6%) by more than
one standard deviation (threshold for exclusion: 40%). Among the remaining 78 participants,
the error rate was at 6.1%. The average age was 35 (range 21–61), 44 participants were male.
4.2.2

Instructions

The instructions were identical to Experiment 1.
4.2.3

Procedure

The procedure was very similar to Experiment 1, except that this time the negative sentences
did not appear at the end of the experiment, but mixed with the affirmative target and control
sentences (for a total of 18 items). From the final phase, we kept only the last control question
for vagueness.
4.2.4

Questionnaire

The questionnaire was identical to Experiment 1.
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4.3

Results

As for the previous experiment, the raw data and an R script performing the main analyses
presented here are available online at the same address. We ran analyses very similar to the
previous experiment, but we also analyzed responses to negative sentences more systematically.
4.3.1

Individual phenomena

The results for affirmative target conditions are represented in Fig. 3. For each phenomenon, a
χ2 -test on the distribution of responses shows that participants did not pick their response at
random (all χ2 (4) > 72, p < .0001).
In a second series of χ2 -tests, the majority response was removed for each phenomenon. They
also all turned out significant (all χ2 (3) > 27, p < .0001), suggesting that for each phenomenon
at least two different responses were given more often than expected by chance.7

Number of participants

80

Type of response

100% chances
<true>+<gap> out o
<true> out of #total
<true> out of #total
No chance at all

60
40
20
0
Conditional

Implicature

S t op
The
T oo
_______________________________
Presuppositions

Vagueness

Homogeneity

Types of response
100% chances
htruei + hgapi out of #total
htruei out of #total − hgapi
htruei out of #total
No chance at all

4.3.2

Figure 3: Counts of participants choosing each type
of response on the affirmative target conditions for
each phenomenon in Experiment 2.

Comparison between phenomena

As in Experiment 1, we fitted a quasi-poisson model on the responses to affirmative targets for
each pair of phenomena, with three predictors: Phenomenon (2 levels), Response (excluding 0%
and 100%, 3 levels), and their interaction. The interaction effect was tested by comparing each
models with a similar model without the interaction term. The results are shown in Table 6 for
each pair.
The first result is that results from Experiment 1 are largely replicated, except that implicatures gave rise to less ‘htruei + hgapi/#total’ responses and more ‘htruei/#total’ in this
experiment, to the point that they are now indistinguishable from vagueness and homogeneity.
A result which is more specific to this experiment is that the different presupposition triggers
differ. We will come back to this in the discussion, after the analysis of negative sentences.
7

If we exclude the 0% and 100% responses, all these tests are still significant (χ2 > 11, p < .001), except for
stop after excluding the majority response: χ2 (1) = .5, p = .5.
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Implicat.
2

Conditional

χ = 59
p < .001

Presupposition

Implicature
The
Stop

Presupposition
The
Stop
Too
χ2 = 4
χ2 = 21
χ2 = 58
p = .13
p < .001 p < .001
χ2 = 45
χ2 = 11
χ2 = .8
p < .001 p = .003
p = .7
χ2 = 14
χ2 = 47
p < .001 p < .001
χ2 = 11
p = .003

Too

Vagueness
2

χ = 71
p < .001
χ2 = 2.2
p = .3
χ2 = 53
p < .001
χ2 = 19
p < .001
χ2 = 5.5
p < .001

Vagueness

Homog.
χ2 = 50
p < .001
χ2 = .9
p = .6
χ2 = 36
p < .001
χ2 = 7
p = .02
χ2 = 2.4
p = .02
χ2 = 3.3
p = .19

Table 6: Model comparison for each pair of phenomena in Experiment 2. The model with main
effects and interaction of Phenomenon (2 levels) and Response (3 levels) is compared to the
model with main effects only. All χ2 values with 2 degrees of freedom.
4.3.3

Affirmative and Negative items

Combining negative and affirmative sentences can help better understand what participants
actually do with gaps. For instance, when they give a ‘htruei/#total’ response, do they treat
the gaps as regular cases of falsity? If so, then the gaps should make the negative sentence true.
However, we know that participants sometimes treat presuppositions failures as plain falsity in
truth-value judgment tasks with more than one response option, but they may then do so both
for a sentence and its negation (Zehr 2014).
We coded the pairs of answers each participant gave for each phenomenon on the affirmative
and negative targets, following the labeling rules in Table 7. The counts are presented in
Figure 4. These results were analysed with the same method as previously (quasi-poisson
models comparison) and are presented in Table 8.
Aff.
Neg.
hfalsei
#total
hfalsei
htruei+hfalsei
hfalsei+hgapi
#total

htruei
#total

htruei
htruei+hfalsei

htruei+hgapi
#total

Proper gap

error

Regular true

error

Excluded

error

Regular false

error

Glut

Table 7: Labels for the combinations of responses to affirmative and negative targets. The gap
cases can be treated as “proper gaps” (false with a false negation), “gluts” (true with a true
negation) or be ignored for the purpose of probabilities. They can also be treated as plain
true or plain false cases. All combinations involving a 0% or 100% response were considered as
errors.

4.4

Discussion

The very similar treatment of homogeneity and vagueness that we found in Experiment 1 was
replicated in the case of affirmative sentences. When negated sentences are taken into account,
the picture becomes more complicated: in the case of vagueness, we see a much larger proportion
of subjects treating gap cases as simply true or false. This effect is invisible in the results for
only affirmative sentences, since what is shown as orange and red in Figure 4 is not distinguished
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Affirmative/Negative response combinations

Number of participants

75
Type
of of
response
Types
response
Other
Other
Regular
Regulartrue
true
Glut
Glut
Excluded
Excluded
Proper
Proper gap
gap
Regular
Regularfalse
false

50

25

0
S t op

The

Vagueness

Homogeneity

Figure 4: Counts for each combination of responses to affirmative and negative targets, following
the classification in Table 7

The
Stop

Stop
χ2 = 22
p < .001

Vagueness
χ2 = 66
p < .001
χ2 = 33
p < .001

Vagueness

Homogeneity
χ2 = 39
p < .001
χ2 = 5.8
p = .3
χ2 = 21
p = .001

Table 8: Model comparison for each pair of phenomena for which we tested negative sentences
in Experiment 2. The model with main effects and interaction of Phenomenon (2 levels) and
Label (6 levels) is compared to the model with main effects only. All χ2 values with 5 degrees
of freedom.
by such trials. We take the combined results to indicate that a certain number of participants
simply did not really consider the supposed gap cases to be gappy, enabled by the fact that
for vagueness, there is more variability as to where on the scale an individual may consider the
relevant thresholds to be. Crucially, however, an approximately equal proportion of participants
treating the gap as true or as false, which suggests that our supposed gap item was close to the
center of the range in which subjects may assume the gap to lie. This view is also confirmed
by the results from control items (Appendix A). Thus, the disparate result can be explained
without the conclusion that there is a principled difference between homogeneity and vagueness
beyond greater variability in where the gap may be taken to lie. In particular, the strategy that
subjects use for dealing with a case that they do consider gappy is the same (it’s just that in
the case of vagueness, they consider fewer cases to be gaps).
Let us now turn to the group of presupposition triggers. Here we found markedly different
behaviour for all three types of triggers. The definite article showed the same basic pattern
as in Experiment 1: A large majority of subjects treated presupposition failure like falsity
for the purpose of assigning a probability,8 with a minority excluding situations where the
presupposition failed from the computation of probability. Treating them as cases of truth
does not seem to be an option. This is easily understood: The assertion of a sentence with a
definite description is not independent of its presupposition. When the presupposition fails, the
question of the truth of the assertion doesn’t even seem to arise, and the idea of the assertion
being true while the presupposition is false is quite incomprehensible. What is there that could
8

A behaviour known for such sentences from von Fintel 2004 and Abrusán & Szendrői 2013.
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be true about (11) when there is no triangle?
(11)

The triangle is red.

Thus, while it makes sense to lump together falsity and presupposition failures under something
like non-truth, it would seem absurd to form a category of presupposition failure and truth.
In stark contrast, for too only a small proportion of subjects chose to exclude the cases
of presupposition failure from consideration, and a slight majority of them even counted the
sentence as true in such cases. One may hypothesise about how this behaviour arises. Quite
simply, one can imagine that subjects simply ignore the word too when processing the sentence,
since it is merely a sentence-final particle that contributes nothing to the assertive content.
More interestingly, however, it could also be that subjects do process the particle and simply
ignore the presupposition that it introduces. Notice that we are now in the exact opposite
situation with respect to the definite description: The assertion and presupposition of (12) are
completely independent from each other (see Sudo 2012), so even if the presupposition fails, the
assertion may well be true.
(12)

The triangles are red, too.
assertion: The triangles are red.
presupposition: Something else is red.

Thus, when faced with the question of how to treat the sentence with respect to a situation
where the presupposition fails, it is a perfectly comprehensible strategy to simply ignore the
presupposition and judge it simply on the basis of the (true) assertive content. This idea fits
well with results from Cummins et al. 2013. They presented subjects with presuppositional
statements like A’s in (13) and asked them to rate the naturalness of responses B or C denying
the presupposition:
(13)

A: Did Isabel pass the test too?
B: No, because nobody else passed the test.
C: Yes, although nobody else passed the test.

Subjects rated the yes, although response as slightly more natural than the no, because response
for the trigger too (on a scale from 0 to 5, roughtly 2.9 and 2.4, respectively), but preferred the
no, because response for stop (and even more strongly for regret and, curiously, also for still ).
Finally, one might choose to take another perspective on too: As an additive particle, it
is generally taken to be anaphoric, in that the fact that makes its presupposition true has to
have been mentioned or be very salient (in the same way that would make an entity available
as the referent of a pronoun). Such anaphoric presuppositions are usually taken to be difficult
to accommodate, though it may, in principle, be possible to accommodate the existence of
some unspecified referent (as a reader is forced to do when a story begins with an unresolved
pronoun). Faced with the problem of deciding how to treat gap cases in the context of our task,
it is then at least conceivable that subjects would accommodate the existence of an anaphoric
referent not shown on the card which makes the presupposition true, which would also lead
to them, effectively, ignoring the presupposition. This explanation, however, is made unlikely
by the contrast with stop, whose presupposition is much easier to accommodate in normal
conversation, but where the proportion of subjects who treated gap cases like cases of truth is
actually smaller.
With a small, but non-negligible portion of subjects treating the sentence as if it were true
in situations of presupposition failure, the stereotypical soft trigger stop finds itself somewhat
in the middle between the definite description and too. Surprising judgements of stop as true
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Figure 5: Example of a stop affirmative target in Experiment 3.
in situations where the presupposition fails have already been found in previous experimental
investigations of stop (Zehr 2014). Their basis is not entirely clear, but it seems possible that in
our case, accommodation is the culprit: Subjects may simply accommodate the existence of a
previous member of the sequence which makes the presupposition true, but is not shown on the
display. This could be facilitated by the fact that the sequence of shapes has no clear starting
point since they are all identical and extend to the edges of the cards, as well as the fact that
the verb was coded in the past tense. Thus, seeing a card with only grey circles and faced with
the sentence The circles stopped being red, they may accommodate that the card shows just
one part of a longer line of circles and that there is a red circle to the left. Assuming that this
hypothesis is true, experimental items that make such an accommodation less plausible should
result in a lower percentage of answers where presupposition failure is counted as truth. We
attempt this in Experiment 3.

5

Experiment 3

In Experiment 3, we tested our hypothesis regarding accommodation of a past event for stop
by using items where the point of change was specified explicitly. We also dropped the negative sentences, since we simply wanted to compare the proportion of htruei + hgapi/#total
responses on affirmative targets. Apart from these two changes, this experiment was identical
to Experiment 2.

5.1

Stimuli

We made changes to the stop items, as illustrated in Figure 5. First, we used the sequence of
letters “A B C D E” instead of the 5 identical shapes on the cards of Experiment 2. Second, the
sentence “The [shapes] stopped being [color]” was replaced with “The letters stop being [color]
at D”. An informal survey among native speakers established that this sentence was understood
as expressing that C is the last letter of the target color and that D does not have the same
color. The items were otherwise as in the previous experiment, that is to say, on the true cards,
letters A through C were of the target colour, on the false cards, all of them were, and on the
gap cards, none of them were.
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5.2

Method

5.2.1

Participants

99 participants were recruited on Amazon’s Mechanical Turk. They received $0.40 for their
participation, which represented about 3 minutes in total. 13 of them were removed from the
analyses because their error rate on controls exceeded the mean error rate (14%) by more than
one standard deviation (threshold for exclusion: 34%). Among the remaining 86 participants,
the error rate was at 7.3%. The average age was 39 (range 19–74), 42 participants were female.
5.2.2

Instructions

The instructions were identical to Experiment 1 and 2.
5.2.3

Procedure

The procedure was identical to Experiment 2, except that the negative sentences were omitted
(for a total of 14 items). From the second phase, we kept only the last control question for
vagueness.
5.2.4

Questionnaire

The questionnaire was identical to Experiment 1 and 2.

5.3

Results

Number of participants

We ran the same analyses as in Experiment 1 and 2 and, again, the raw data and an R script
performing the main analyses are available online at the same address.

80

Type of response

100% chances
<true>+<gap> out o
<true> out of #total
<true> out of #total
No chance at all

60
40
20
0
Conditional

Implicature

S t op
The
T oo
_______________________________
Presuppositions

Vagueness

Homogeneity

Types of response
100% chances
htruei + hgapi out of #total
htruei out of #total − hgapi
htruei out of #total
No chance at all

Figure 6: Counts of participants choosing each type
of response on the target conditions for each phenomenon in Experiment 3.
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5.3.1

Individual phenomena

The results for target conditions are represented in Fig. 6. For each phenomenon, a χ2 -test on
the distribution of responses shows that participants did not pick their response at random (all
χ2 (4) > 104, p < .0001).
In a second series of χ2 -tests, the majority response was removed for each phenomenon. They
also all turned out significant (all χ2 (3) > 16, p < .001), suggesting that for each phenomenon
at least two different responses were given more often than expected by chance.9
5.3.2

Comparison between phenomena

As in Experiment 1 and 2, we fitted a quasi-poisson model on the responses to affirmative
targets for each pair of phenomena, with three predictors: Phenomenon (2 levels), Response
(excluding 0% and 100%, 3 levels), and their interaction. The interaction effect was tested by
comparing each models with a similar model without the interaction term. The results are
shown in Table 9 for each pair.
Overall, the results are very similar to Experiment 2, with two visible differences. First,
the scalar implicatures were treated as in Experiment 1 and differed from vagueness and homogeneity. Second, the stop items gave rise to more htruei/#total responses, but the proportion
of htruei + hgapi/#total did not change much and this difference did not affect the comparison
with other phenomena (in particular, it is still very distinct from the presupposition trigger
the).
Implicat.
Conditional

Presupposition

Implicature
The
Stop

χ2 = 68
p < .001

Presupposition
The
Stop
Too
χ2 = 6.7 χ2 = 20
χ2 = 50
p = .035 p < .001 p < .001
χ2 = 92
χ2 = 44 χ2 = 6.4
p < .001 p < .001
p = .04
χ2 = 22
χ2 = 66
p < .001 p < .001
χ2 = 20
p < .001

Too

Vagueness

Vagueness

Homog.

χ2 = 42
p < .001
χ2 = 16
p < .001
χ2 = 53
p < .001
χ2 = 10
p = .007
χ2 = 2.1
p = .34

χ2 = 27
p < .001
χ2 = 18
p < .001
χ2 = 39
p < .001
χ2 = 7
p = .03
χ2 = 4.8
p = .09
χ2 = 2.1
p = .35

Table 9: Model comparison for each pair of phenomena in Experiment 3. The model with main
effects and interaction of Phenomenon (2 levels) and Response (3 levels) is compared to the
model with main effects only. All χ2 values with 2 degrees of freedom.

5.4

Discussion

The results in essence replicate those of the previous experiment. Crucially, the proportion of
subjects which counted sentences with stop as true of gap cards was barely diminished. This is
significant because the accommodation process we suggested in the discussion of Experiment 2
above is implausible for the new items. Not only do they show the first five letters of the
alphabet, making it implausible that there should have been any preceding ones, but they
actually specify the point at which the stopping is to happen. Thus, even accommodating
9

If we exclude the 0% and 100% responses, all these tests are still significant (χ2 > 5, p < .02), the least
significant being once again stop after excluding the majority response.
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target-color letters before A which are not shown on the card would not make the sentence true,
since in order for it to be true, the letters would have to be of that color up to and including C.
The fact that subjects still sometimes treat the sentence as true when the presupposition fails
must therefore have a different source.
Recall that we have suggested an explanation of the results for the definite description and
too in terms of the (non-)independence of the presupposition from the assertive content of the
sentence. Taking seriously the quantitative position of stop in-between the two others, this
would suggest that the separability/independence of assertive content and presupposition is a
matter of degree, a notion that is rather difficult to spell out.10 We therefore have to leave open
how the behaviour of stop is to be explained and conclude that further investigation into the
various strategies that experimental subjects employ in dealing with presupposition failures of
different kinds of triggers is needed.11
Our experiments contained only three presupposition triggers that are taken to belong to
three different classes of such. A question one may ask is therefore whether our paradigm is
likely to be useful for sorting triggers into these classes, or whether, if more presupposition
triggers were to be tested, one would find more of a continuum between end points. This, too,
is a question we have to leave open. Note that essentually gradual differences behaviour between
presupposition triggers has also been observed by other authors in various tasks (Xue & Onea
2011, Smith & Hall 2011, Cummins et al. 2013, Jayez et al. 2015, Tonhauser 2015, Spenader
2015), but it is difficult to judge whether they reflect the same scale or similar scales, as the
sets of items and properties tested in the various studies differ.

6

Conclusion

Natural language contains numerous sentences which in some situations are neither clearly true
nor clearly false, such as presuppositional sentences, sentences with implicatures, sentences
with vague predicates, and sentences with homogeneous predications (e.g., plural predications).
This, of course, raises the question of similarities and differences between these phenomena.
To provide a new perspective on this, we tested how subjects treat situations in which such
sentences are neither true nor false in the context of ascribing a probability to such a sentences,
the primary options being to set them aside entirely, to count them as cases of truth, or to
count them as cases of falsity. Two main results emerged from our experiments.
First, vagueness and homogeneity behaved consistently alike, which prima facie provides
support for the idea that the two are conceptually related.
Second, the three presupposition triggers that we tested, the definite article, the aspectual
verb stop, and the additive particle too, all behaved differently and could be seen as lying
on a scale. For definite descriptions, subjects never counted the sentence as true or a case of
presupposition failure; for stop, they did so in a small, but significant proportion of cases; and for
too, they did so in about half of all cases. A plausible case can be made that the presupposition
of a definite description can never be ignored (it has to be true or be accommodated), while that
of an additive particle is quite easy to ignore as a repair strategy. What remains mysterious
is the intermediate behaviour of stop, for which our current understanding of presupposition
triggers offers no clear explanation.
10
The natural candidate for graded dependency would be probabilistic dependency, but this seems very implausible for stop: That an object does not have a property now is not probabilistic evidence for the proposition
that it had the property in the past.
11
A conclusion we share with the rest of the experimental literature.
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Appendix
Experiment 1: additional controls
After the first 10 items of main interest (with no explicit indication of a change), participants were given 4 control items designed to address specific questions regarding vagueness and
homogeneity. These items described below were administered in fixed order: vagueness 1, homogeneity 1, homogeneity 2 and finally, vagueness 2, which was the one that was most different
from the main set of items.

A

Vagueness controls

Creating gap cards for vagueness is hard. Unlike other phenomena where we can be sure that
our gap cards are genuine cases of gaps, we need to ensure that our participants perceived the
gap cards as neither clearly true nor clearly false cases. To do so, we used two specific control
items.
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Treatment of the gap as
Regular true
Regular false
Proper gap (neither true nor false)
Glut (both true and false)
Excluded
Other

Affirmative

Negative

htruei+hgapi
#total
htruei
#total
htruei
#total
htruei+hgapi
#total
htruei
htruei+hfalsei

hfalsei
#total
hfalsei+hgapi
#total
hfalsei
#total
hfalsei+hgapi
#total
hfalsei
htruei+hfalsei

(anything else)

Number
19
24
26
6
0
9

Table 10: Number of participants in various categories of possible behaviors for affirmative and
negative Vague conditions (Participants in the Other category had different behaviors with no
clear pattern).
A.1

Vagueness specific control 1

This first specific control item was similar to the vagueness target condition (same shape and
color), but involved a negative sentence, as in “The [shape] is not big” (and accordingly, the
roles of htruei and hfalsei were exchanged, e.g., when needed to generate the response options).
Note that this control was generalized to other phenomena and added to the experimental phase
in Experiment 2.
The pattern of response to affirmative and negative cases can indicate whether the gap
cards were considered as true, false or genuine gaps. Table 10 summarises the distribution of
participants according to their responses to the vagueness target condition (from the main part
of the experiment) and the negative vagueness control, across the categories described here.
Each line also indicates what we can infer about the treatment of the gap from this pattern
(here true, e.g., means that the shape on the card was judged to satisfy the affirmative version
of the vague predicate, big).
Participants distributed between 3 main groups: 19 participants treated the shape on the
gap card as clearly big, 24 treated it as clearly not big, and 32 really treated it as genuinely
vague. Interestingly, among the ‘vague’ participants, no one excluded the gap card from the
denominator in both conditions, and we observed many more ‘properly gappy’ than ‘glutty’
judgments. This is in line with results by Serchuk et al. (2011). Yet, other studies found
that gappy and glutty sentences were treated on a par (Alxatib & Pelletier 2011; Ripley 2011;
Egré et al. 2013). Several factors could explain this difference. One amounts to the fact that
our participants had to adopt one of the two possible behaviors (they did not have to judge
gappy sentences ‘The circle is neither big nor not big’ on one occasion and glutty sentences
‘The circle is both big and not big’ on another occasion). We observe that with this single shot
test, participants massively ended up being classified as properly gappy rather than glutty. But
note that vagueness could make people alternate their (constrained) choices, such that more
gappy (or glutty) participants may be hidden in just any other line of Table 10. Hence, this
number probably provides a lower bound on participants who treat the gap card as a borderline
situation. This would be in line with the results from the second vague specific control to which
we now move.
A.2

Vagueness specific control 2

The second specific control item was more direct and was common to all three experiments.
Because the format of this item was different, it was presented last to the participants to avoid
back and forth in the type of trials they would see. As shown in Fig. 7, participants were asked to
assess whether the different shapes they saw in the vagueness (affirmative) target condition were
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Exp. 3 Exp. 2 Exp. 1

Size
Small
Borderline
Big
Small
Borderline
Big
Small
Borderline
Big

“Yes”
84
22
0
75
16
1
86
21
0

“Sort of”
0
51
1
2
46
0
0
47
0

“No”
0
11
83
1
16
77
0
18
86

Table 11: Count of each response for the vagueness item for the three sizes of shapes, across all
three experiments.
big, answering ‘yes’, ‘no’ or ‘sort of’ (we wanted to provide a ternary choice while abstracting
away from the proper gap/glut dichotomy, so we avoided options such as ‘neither’ or ‘both’).

Figure 7: The last item in the experiment aimed at getting an explicit ternary judgement from
participants on the cards they had seen in the affirmative target of the Vagueness conditions.
Responses to this control for all three experiments are given in Table 11. Overall, participants gave the expected responses for small and big shapes. For the borderline sized shape,
the responses were very variable, with a majority of “sort of” responses. This is of course a
very crude measure, but both the majority of ‘sort of’ responses and the undecidedness of the
other participants confirm that our intermediate shape had indeed the potential to generate
vagueness.
A.3

Conclusions of the specific controls for vagueness

If we exclude non-vague participants from Experiment 1 on the basis that they did not say
‘sort of’, we find the same results as before: no interaction with homogeneity (χ2 (3) = 2.3,
p = .36) and interactions with each of the other phenomena remain highly significant, except
for implicatures (χ2 (3) = 5.7, p = .13).

B

Homogeneity controls

Cards associated with the homogeneity sentence contained 9 shapes, say circles. We worried
that in evaluating the probability that ‘The circles are green’ is true, instead of balancing out
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how many cards would make the sentence true or not true, participants may count the number
of individual green circles, overall, and divide this by total number of individual circles. While
this felt intuitively unlikely, we wanted to properly rule out this hypothesis because the resulting
htruei
proportion would fall close to the htruei+hfalsei
response choice, for which we do not want to have
to worry about the possibility that it could come from this strange strategy.
Two control items were thus specifically designed to detect responses which could be based
on the overall proportion.
B.1

Homogeneity specific control 1

The control, presented in Figure 8, involved making the overall proportion of shapes of the target
color very salient, easy to compute, and distinct from every other response. 8 participants chose
this response.

Figure 8: This item made the proportion of target color both highly salient and distinct from
other probabilities, allowing us to detect responses based on the proportion of target shapes.
Indeed, one only need to count the number of rows to get the overall proportion of yellow
squares, 4/9. Numbers of each type of cards were kept constant, so only the shapes and colors
varied from one participant to another. We removed the 0% response option to keep the same
number of response options.

B.2

Homogeneity specific control 2

A second control item was structurally more similar to the cases in the main part of the experiment, but was designed to make the overall proportion of target color dots (ignoring the
separation between individual cards) distinct from the other response choices. Practically, we
set the overall proportion at 1/2, htruei at 2, hgapi at 6 and, crucially, hfalsei was set at 0 so that
htruei
the response choices htruei+hfalsei
collapse at 100% and therefore cannot be conand htruei+hgapi
#total
founded with the overall proportion response 1/2. Practically, the item looked like Fig. 9. This
control was designed to see whether participants would choose the overall proportion response
choice, here “4 chances out of 8”. 11 participants chose this response.
B.3

Conclusions of the specific controls for homogeneity

Only 13 participants replied as if they based their decision on the overall proportion of shapes
of the target color on any of these controls, and only 6 did so consistently for the two controls.
We can safely disregard this problem.
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Figure 9: This item made the proportion of target color distinct from other probabilities by
having hfalsei = 0, while being visually similar to items presented in the first block. Note that
htruei
to compensate for the fact that the two responses htruei+hfalsei
and htruei+hgapi
collapse to 100%,
#total
we added the foil response “2 chances out of 6”.
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