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The right semantic interpretation of so-called superlative quantifiers, such as
at most n and at least n, (n represents a bare numeral) has been widely discussed
in the linguistic and philosophical literature (Cohen & Krifka, 2011), (Cummins
& Katsos, 2010), (Geurts & Nouwen, 2007), (Geurts et al., 2010), (Koster-Moeller
et al., 2008), (Nouwen, 2010). According to Generalized Quantifier Theory, these
quantifiers are equivalent to comparative quantifiers, i.e. fewer than n+1 and more
than n-1 respectively. Various empirical data, however, question that these equiv-
alences hold in natural languages. For instance it has been shown that speakers
generally do not accept the logically valid inference at most n+1 As are B from at
most n As are B (Geurts et al., 2010), (Cummins & Katsos, 2010). There is also
ample data concerning differences between processing of superlative and compar-
ative quantifiers. One of the most important reported results is that the verification
of sentences with superlative quantifiers requires supposedly more time than the
verification of sentences with respective comparative quantifiers (Koster-Moeller
et al., 2008), (Geurts et al., 2010).

To account for the empirical data, Geurts (Geurts & Nouwen, 2007), (Geurts
et al., 2010) proposes that whereas comparative quantifiers have their conventional
meaning, the semantics of superlative quantifiers has a modal component, and con-
sequently both at most n As are B and at least n As are B logically imply that it is
possible that there are exactly n As that are B. In contrast, Cummins and Katsos
(Cummins & Katsos, 2010) propose that such a modal statement is a result of a
pragmatic rather than a logical inference, namely a so-called clausal implicature.
This implicature is generated by statements with superlative quantifiers, since the
semantics of these quantifiers can be represented in a disjunctive form, i.e. the fol-
lowing equivalences hold: at most n As are B ⇐⇒ (exactly) n or fewer than n As
are B and at least n As are B ⇐⇒ (exactly) n or more than n As are B. Based on
the Gricean Maxims of Quantity and Quality, the correct use of a disjunctive sen-
tence p or q assumes that the speaker is not yet decided about the truth-values of
the disjuncts. It follows that the implicatures: possibly p, possibly not p, possibly q
and possibly not q are inferred.

In order to test the processing predictions of the pragmatic and the semantic
theory regarding the modal component in the meaning of superlative quantifiers, I
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Table 1: Logical truth-value of quantifiers of a given monotonicity in a given model

Model (number of target objects) 1 2 3 4 5
Upward monotone Qforms F F T T T
Downward monotone Qforms T T T F F

conducted a sentence-picture verification experiment with reaction time measure-
ment. The experiment was designed to compare the dependence of the subjects’
accuracy and the response time on the linguistic form of the used quantifier and on
the model in which the quantified sentence is evaluated (shown picture). The pic-
ture determined the truth, falsity or pragmatic infelicity of the evaluated sentence.
The predictions were as follows: On the one hand, if superlative quantifiers have
modal semantics, which means that the sentence φ: At most n As are B logically
implies ψ : It is possible that there are exactly n As that are B, then φ should be
rejected in models in which there are fewer than n As that are B. Since ψ, which is
a logical consequence of φ, is false in such models, then φ cannot be true in those
models either. On the other hand, if ψ is merely a pragmatic inference from φ, then
it should be defeasible and φ should be evaluated as true in models that have fewer
than n As that are B. In this case we expect that the evaluation of sentences with
superlative quantifiers will result in a longer response-time and/or a higher mis-
takes ratio compared to the evaluation of sentences with comparative quantifiers,
since the latter do not involve any pragmatic effects. This effect should, however,
strongly depend on the model and occur only in those models in which the use
of superlative quantifiers can be considered as pragmatically infelicitous, i.e. the
models that have fewer than N As that are B, where N is the borderline of the
sentence’s truth-conditions (N = n for the quantifiers at most n/ at least n).

Fifty-six (twenty nine women) right-handed German native speakers were tested
(mean age: 24.25, SD: 4.26) in the experiment. They were asked to evaluate sen-
tences with the upward monotone quantifier at least thre and the downward mono-
tone quantifier at most three, as well as with other, presumably equivalent, quan-
tifiers; all of them in five different types of models. All sentences had the form:
Q As are B, where Q is a quantifier, A denotes a shape and B denotes a color.
The following quantifiers (Qforms) were considered: the superlative at most three/
at least three (Sup), the disjunctive three or fewer than three/ three or more than
three (Dis), the comparative fewer than four / more than two (Comp), the negative
comparative not more than three/ not fewer than three (NegComp) and the basic
numeral three (Num). Models were pictures of simple objects of given shape and
color. There were five categories of models (Mforms): with 1, 2, 3, 4 or 5 target
objects, i.e. objects that were both A and B (Table 1 and Figure 1).

In each trial a presentation of a sentence was followed by a presentation of a
picture. The time for presenting sentences was calculated based on their length to
mirror the natural reading time. Since all the equivalent forms were evaluated in
isomorphic (with respect to cardinalities) pictures it can be assumed that all the
reaction time differences result from the processing differences that are linked to
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Figure 1: At most three stars are yellow/ Fewer than four...

(a) False (b) True and Infelicitous (c) True

Figure 2: Mean reaction time for each Qform and Mform

(a) Upward monotone forms (b) Downward monotone forms

the specific Qforms. Below I summarize only the most important findings.
The analysis of subjects’ accuracy revealed that although subjects generally

accepted the downward monotone superlative quantifier (at most 3) (mean accu-
racy: 2.8 (max: 3), SD: 0.37), they made significantly fewer mistakes in models
with 3 target objects (“felicitous models”) compared to models with 1 target object
(p= .001), and compared to models with 2 target objects (p= .02). This effect sup-
ports the hypothesis that at most three is considered semantically consistent with
models in which there are only 1 or 2 target objects, even though subjects tend to
make more mistakes in such cases, which might be a result of the pragmatically
infelicitous use of this quantifier.

With respect to the reaction time results, a repeated measure analysis of vari-
ance proved that both monotonicity (Mon) and the quantifier form (Qform), had a
significant effect on subjects’ time taken to respond correctly (p < .001). All inter-
actions between our three factors (monotonicity, quantifier, model) turned out to be
significant (p < .001). Pairwise comparisons for the Qform showed, however, that
only the negative comparative form was evaluated significantly slower than every
other form (p < .001); the comparisons between other forms were not significant.

The main research hypothesis was that the differences between processing of
superlative and comparative quantifiers depend on the pragmatic felicity of the
use of those quantifiers in given models. In order to investigate this hypothesis, a
repeated measure analysis of variance was conducted for each Mform and mono-
tonicity separately. The results support our hypothesis and allow the conclusion
that the differences in processing between various quantifiers can be explained by
extra pragmatic processes that are triggered only in some models and only for some
quantifier forms. The results were especially convincing in the case of the down-
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ward monotone quantifiers. Whereas in the “infelicitous models” (1 or 2 target ob-
jects) the superlative quantifier (at most three) was evaluated significantly slower
than the comparative one (fewer than four) (p < .008), in the “felicitous models”
(3 target objects) there was no significant difference in the reaction time taken to
verify these two forms. Additionally, the time of evaluating the disjunctive and the
superlative quantifier forms (of both monotonicities) did not differ significantly in
any of the models, which suggests that the processing costs of these two forms are
comparable. This result supports the proposed theoretical model, in which the dis-
junctive and the superlative forms share the same pragmatic properties (see Figure
2).

The results for the upward monotone quantifiers diverge, however, from the ex-
pected pattern. In the models with 3 target objects, opposite to the results obtained
for the downward monotone quantifiers, there was a significant difference between
the comparative and the other quantifiers, including the most relevant superlative
quantifier: the comparative quantifier was evaluated significantly faster (p < .004).
In the models with 4 or 5 target objects, there was, however, no difference between
the processing time of the superlative and the comparative quantifiers. This sug-
gests that the processing mechanisms for the upward monotone quantifiers differ
from the mechanisms for the downward monotone quantifiers. It is nevertheless
remarkable that there was a significant difference between the processing time of
the superlative and the comparative quantifiers only in the models with 3 target
objects, but not in the other models in which these quantifiers can be evaluated as
true. This result differs again from the data so far reported: the superlative quan-
tifiers require indeed more processing time than the comparative ones but only in
some models and not generally.

The results of my experiment provide evidence that the processing of natural-
language quantifiers (comparative, superlative, disjunctive), depends not only on
their linguistic form, but also highly on the model in which they are verified/ falsi-
fied. This goes against the results reported so far that the superlative quantifiers are
generally processed slower than the comparative quantifiers. In contrast, I show
that they are processed slower only in some specific types of models. The picture
of the processing load that is linked to specific linguistic forms of quantifiers turns
out to be more complex than the literature has suggested so far.
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