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Chapter 2

The Idea of Many - A Literature
Overview

Gradable quantifiers—i.e., words like many, few, much and little—express quantity (or numerosity). And, the way they do this is radically context dependent.
Most people would consider a hundred pages many for an article but not for a
novel. There are many factors influencing the interpretation of gradable quantifiers: the size of the type of object being quantified over, their density patterns,
some expected norm, etc. The way these factors influence the interpretation of
gradable quantifiers might teach us something about their cognitive status. There
is a vast amount of literature from di↵erent scientific disciplines, addressing a variety of cognitive aspects of these gradable quantifiers. As of yet, little e↵ort has
been made to compare the results of these di↵erent disciplines with each other in
one overview. The aim of this chapter is to provide such an overview.

2.1

Introduction

Gradable quantifiers like any other quantifier, are used to express numerosity
(the number of elements in a set). This is not necessarily the only role that
quantifiers have—they are also used to mark definiteness, aspect, deixis, and
inferential patterns—but as the name already suggest, numerosity is an essential
semantic dimension of quantifiers.
Many attempts to model the semantics of quantifiers, define the quantifiers
over the cardinality of sets (Barwise and Cooper, 1981). In some cases, this
mapping can take the context dependence (Fernando and Kamp, 1996) and/or
the vagueness of these quantifiers (Zadeh, 1983) into account. But, regardless of
their specific flavor, all these models presuppose the accessibility of the cardinality
of the sets that are being quantified over. However, studies in psycholinguistics
(Hormann, 1983; Moxey and Sanford, 1993b), psychophysics (Bevan et al., 1963;
Krueger, 1972; Durgin, 1995) and developmental psychology (Piaget, 1952; Mix
9
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et al., 2002) show that this assumption does not correspond to human cognition.
For big sets, humans do not perceive the number of a set of objects directly as
a feature of that set. Rather, we perceive a number of spatial features (such as
extent, density, contour, . . . ) that are used together to estimate the numerosity.
Roughly speaking there are three fields of research that study these issues
in relative isolation: The field of psychophysics (discussed in the next section)
has produced a number of studies on numerosity perception (regardless of its
e↵ect on language). Studies in developmental psychology (Section 2.3) show how
infants acquire numerosity perception. And studies in psycholinguistics (Section
2.4) show how contextual parameters influence the interpretation of gradable
quantifiers. To the best of my knowledge there is no overview of all these studies.
This chapter aims to provide such an overview and show the remarkable overlap
in results from these di↵erent disciplines.

2.2

Numerosity perception

An utterance like “many blocks” expresses a vague amount. In order to understand the cognition of gradable quantifiers, we first need to understand how
humans perceive amount. This section provides an overview of the literature on
this numerosity perception.
Jevons (1871) argues that numerosity perception can not be attributed to one
single cognitive mechanism, but rather involves a quite heterogeneous set of cognitive mechanisms. It is clear that there is a distinction between explicit counting
and estimating the number of objects. But, Jevons found another distinction:
For small sets (up to four elements) humans can instantly and accurately determine the number of items. Beyond this range, accuracy drops significantly,
suggesting a di↵erent cognitive mechanism for estimating the number of small
sets (now referred to as subitizing (Kaufman et al., 1949)). Later experiments
have systematically confirmed these findings (see Mandler and Shebo (1982) for
an overview).
It is now generally agreed upon to distinguish three separate cognitive mechanisms that are involved with numerosity judgment: Subitizing, a very accurate
fast process that only works for small amounts (four or less); the approximate
number system (ANS) Halberda and Feigenson (2008), a fast but inaccurate process of estimation; and a very slow but accurate process of explicit counting. Most
of the experiments that establish the di↵erent mechanisms involve reaction time
measurements. The di↵erent mechanisms are associated with di↵erent reaction
time curves.
For example, Figure 2.1 shows the graphs from an experiment presented in
Mandler and Shebo (1982). In this experiment, participants where presented with
arrays containing between one and twenty dots. They were asked to report the
number of dots in the array. The reaction time graph shows 3 di↵erent parts:
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Up to three of four items the reaction time does not increase much, which is
associated with subitizing. After that there is a linear increase of reaction time
(explicit counting). After seven or eight items, the reaction time stops increasing
which is associated with number estimation (ANS). It is also shown that as soon
as people start estimating the number of items, the error increases dramatically
due to systematical underestimation (confirming the findings of Kaufman et al.
(1949)). Following the same methodology, Minturn and Reese (1951) show that
subitizing is indeed a fundamentally di↵erent process from counting, and Taves
(1941); Trick and Pylyshyn (1991) confirm the di↵erence between subitizing and
number estimation1 .
For the remainder of the section I will be focussing on the research concerning
the approximate number system, the part of numerosity perception that is most
directly related to gradable quantifiers.

2.2.1

Perceptual features of approximate number

Most research in the field of ANS shows that approximate numerosity estimation
is not unitary. That is to say, the number of elements in a set is not perceived as
a single feature, but there are a number of perceptual features (e.g., density, size,
clustering and contrast) that are combined in estimating the number of objects.
In order to identify the perceptual features that are involved with numerosity
judgment most of these studies compare identical quantities in di↵erent spatial
arrangements.
A clear results of this approach is the strong influence of extent (or more
specifically, area size) on the perceived numerosity of a set. For example, Krueger
(1972) shows that the perceived numerosity of a group of dots is influenced by
size of the surface area that the group of dots occupies. In this study, participants
are confronted with a number of dots (between 25 and 200) scattered over area’s
of di↵erent sizes (56cm2 , 225cm2 and 900cm2 ) and asked to estimate the number
of dots. The participants systematically underestimate the amount of dots in all
trials. But the reported estimations were much closer to the actual number of
dots for the larger surface area’s. These results confirm similar findings of Bevan
et al. (1963). There, the e↵ect of numerosity judgement was tested using a jar of
beans rather than dotted surfaces.
The other important spatial influence that has been found is that of density
patterns (as initially hypothesized by Barlow (1978))—i.e., how seemingly closely
objects are clustered together in a set. Barlow (1978) do not experimentally test
this hypothesis. To the best of my knowledge, only Durgin (1995) and Durgin
(2008) provide experimental data. He confirms the hypothesis by showing that
lower perceived density results in lower numerosity judgements. The relatively
1

Trick and Pylyshyn (1993) argue that subitizing is related to mechanism in the brain called
FINST, a preattentive mechanism that parallel tracks objects in our visual environment.
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These last results might create a slightly more complicated picture than the
area/density experiments would have you believe, but they do not deny the
area/density e↵ects. Durgin (1995) even suggests that increased randomness
might increase the perceived density and therefore the e↵ects found by Ginsburg
(1978) can completely be interpreted within the area/density picture.) There is
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however one study (that I am aware of) that explicitly opposes the multidimensional view of numerosity: Allik and Tuulmets (1991) argue for a unidimensional
model of numerosity which they call the occupancy model. In this occupancy
model, every element (dot) occupies a region. This region extends with a radius
R around the actual object. The numerosity is determined by the total area occupied by the dots. Overlapping regions causes a smaller total area, and therefor
a smaller judged number. See also Figure 2.2. An unlikely model, according to
Durgin (1995). He argues that the model might fit the data provided in Allik
and Tuulmets (1991), but in order to fit other data (i.e., the data from Durgin
(1995)) the radius R has to vary with the density patterns, thus making density
an implicit factor in this model.

2.3

Results from Developmental Psychology

Another source of evidence that supports the multidimensional view on numerosity judgement comes from developmental psychological research. For example,
Pufall et al. (1973) argue that numerosity is a multidimensional concept and that
children have to learn how the di↵erent dimensions (extent and density) work together. The research in this field essentially makes two points: 1) infants do not
have an innate number concept, but they do have an innate density and extent
concept; and 2) this is because the number concept is a high-level concept that
relies on learning to combining these lower level concepts of extent and density.

2.3.1

Innate Numerosity Perception

The first point has extensively been discussed by Mix et al. (2002); Clearfield and
Mix (2001). They argue that infants can not discriminate arrays of dots based on
the number of items in them, they only respond to di↵erences in density, length
(extent) and contour length. The experiments they report involve infants of 4 to
12 months, much too young to directly ask if they see any di↵erences between
arrays. This problem is circumvented by using so called habituation experiments.
Habituation experiments rely on the fact that infants, presented with a number
of arrays, tend to look longer at an array that does not fit a given pattern (i.e., a
surprising result). So infants are presented with a series of habituation arrays that
keep one variable constant (e.g., density) followed by a test array that either fits
(has the same density) or breaks (has a di↵erent density) the pattern. If the test
array that does not fit the pattern results in longer looking times, than apparently
the infants are sensitive to di↵erences of the variable in question. Figure 2.3 shows
an example.
Mix et al. (2002) show that infants indeed do respond to changes in density,
extent and contour, but if properly controlled for these spatial constraints, no habituation e↵ects can be found. There is a number of earlier experiments that has
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Habituation Array 1
Habituation Array 2
Test Array

Density
•
•
• •
• • •

15

Length
•
•
•
• • •
•
•

Figure 2.3: Habituation trials from Clearfield and Mix (2001) used to test numerosity perception controlling respectively for density and extent.

NUMBER VS CONTINUOUS EXTENT

43

Figure 2.4: Habituation trials from Feigenson et al. (2002) controlling for extent
and density.

FIG. 2.

(a) Displays and (b) looking times for Experiment 2, in which number was pitted
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shown the contrary (e.g., Starkey and Cooper (1980); Antell and Keating (1983);
Cooper (1984); Starkey et al. (1990) all find habituation e↵ects for number), but
as Mix et al. (2002) argue, none of these experiments manage to properly control for the spatial features. Feigenson et al. (2002) repeated the experiments
presented in Starkey et al. (1990) but controlled for extent and density by making the size of the objects variable (as shown in Figure 2.4). They show that
by properly controlling for these spatial features, the number habituation e↵ects
disappear.

2.3.2

Development of Numerosity Perception

So, if the findings of Mix, Clearfield and others are correct, infants do not have
an innate numerostiy concept. These findings are in line with data from developmental psychology (Piaget, 1952, 1968; Pufall et al., 1973). In these studies it
is argued that children acquire the number concept by incrementally learning to
coordinate extent and density (or “crowding”, as Piaget calls it). Piaget (1952)
identifies three di↵erent stages in which the numerosity concept is learned:
1. The child judges numerical relations purely in terms of “global” similarities
(i.e., extent or density) (Piaget, 1952). In other words, a row of chips is
judged as “more” if it is longer. Later studies show that this stage actually
comprises two substages (Mehler and Bever, 1967; Piaget, 1968):
(a) The child uses the most salient feature (density or extent) for comparing sets. The used feature can di↵er between trials. The reported ages
for this stage di↵er: 2y3m-3y0m (Piaget, 1968); 2y6m-3y2m (Mehler
and Bever, 1967); 3y (Pufall and Shaw, 1972; Pufall et al., 1973).
(b) The child concentrates on one single feature across trials (i.e., extent).
The reported ages for this stage di↵er: 3y0m-3y10m (Piaget, 1968);
3y2m-4y0m (Mehler and Bever, 1967); 4y (Pufall and Shaw, 1972;
Pufall et al., 1973).
2. The child coordinates both length and density. However, this is only done
visually, the child cannot reason about it. At this stage, if the child has to
compare arrays where length and density are inversely related, it will revert
to using only one single feature. (Piaget, 1952, 1968; Pufall and Shaw, 1972;
Pufall et al., 1973).
3. Numerosity perception is completely developed (Piaget, 1952, 1968; Pufall
and Shaw, 1972; Pufall et al., 1973).
Similar to the experiments described above, the number conception of the
children is tested using array’s of dots or chips. The children are asked to report
which array contains more dots. Di↵erent configurations are used to expose the
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stage of numerosity perception of the child. For example, figure 2.5 shows the
di↵erent types of configurations used by Pufall and Shaw (1972). Which configurations are correctly assessed depends on the development stage of the child. For
example, a child in stage 2 will have no trouble getting Configurations 1-3 right,
but Configuration 4 is problematic since the inverse relation between length and
density will make it focus on only one of the two features. Some minor di↵erence
in ages and granularity of stages aside, Piaget (1952, 1968); Pufall and Shaw
(1972); Pufall et al. (1973) all show that in earlier stages, children tend to focus
on only one dimension (i.e., length or density) and only later learn to coordinate
them into a fully developed numerosity concept (at around the age of 7).
Configuration 1

• • • • • • •
• • • • • • •

Length and density is equal, therefore
number is equal.

Configuration 2

• • • • •
• • • • • • •

Length and density are directly related,
therefore longer/denser row is “more”.

Configuration 3

• • • • • • •
• • • • • •

Lengths are equal, densities not, therefor denser row is “more”.

Configuration 4

•••••••••
• • • • • • •

Length and density are inversely related, therefore quantity depends on
both.

Figure 2.5: Configurations used by Pufall and Shaw (1972) to test the child’s
numerosity perception.
Piaget suggests that the di↵erent stages are the result of learning which transformations preserve the number of a set (e.g., moving objects more closely together) and which transformations change the number of objects (e.g., adding
or removing objects)—i.e, conservation principles. If this is true, the question
remains how these conservation principles are learned. Strauss and Curtis (1981);
Starkey et al. (1983) independently found that within the subitizing range infants
(of respectively 10-12 months and 7 months) do in fact already perceive numerosity. It could be that perception of these low numerosities provides the seed for
further development of numerical skills by establishing Piaget’s conservation laws
(Marmasse et al., 2000). Additionally, Wohlwill and Lowe (1962) speculate that
children learn conservation of number via counting2 . Children learn to count well
before they learn to conserve. It might be that by counting the elements in sets
that are being manipulated, children learn to understand the relation between
density, extent and number.
2

The experiments described in Wohlwill and Lowe (1962) neither confirm nor refute this so
called reinforcement hypothesis.
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2.4

Results from Psycholinguistics

The previous sections showed the e↵ects of spatial features on numerosity perception of the approximate number system (ANS). Most studies suggest that
numerosity perception requires the coordination of extent and density features.
Since gradable quantifiers rely on ANS, we expect some of the particularities of
ANS to a↵ect the interpretation of gradable quantifiers. This section discusses
a series of studies on the judgment of gradable quantifiers. The studies expose
a number of factors that influence the judgment of gradable quantifiers, such as
expected frequency, size of the individual objects, area size of the entire group,
figure/ground e↵ects and contrast. Though none of these studies explicitly link
these e↵ects to ANS, some of them would be very hard to interpret in any other
terms (such as the e↵ect of surface area on the judgment of gradable quantifiers).

2.4.1

Expected Frequency (Norm)

It is not difficult to find anecdotal evidence that the interpretation of gradable
quantifiers depends on some prior expectation. Clearly the utterances “many
people read E. L. James’ latest novel” and “many people read this thesis” do
not refer to similar amounts of people. Their interpretations depend on a prior
expectation we have about the number of readers in both cases. It is however
quite hard to come by experimental data confirming this intuition. To the best
of my knowledge, only Moxey and Sanford (1993b) explicitly addresses this issue.
In one of the experiments that the chapter describes, participants are presented
with three di↵erent snippets:
The residents’ associations Christmas party was held last night in the town
hall. QUANT of those who attended the party enjoyed what might be called
the social event of the year. [RA condition]
At yesterdays party conference, Mr Cameron spoke about the e↵ects of education cuts on British universities. QUANT of his audience were convinced
by his conclusions. [PC condition]
A survey has recently been carried out to find out whether or not female
students prefer to be examined by female doctors. QUANT of the local
doctors are female. [S condition]
Where QUANT can be any of the quantifiers very few, few, only a few, not many,
a few, quite a few, quite a lot, many, a lot, and very many. After hearing the
snippet, the participants were asked to report the estimated proportion of people
who went to the party/were convinced by Cameron/preferred female doctors. The
reported proportions where compared to independently established prior expected
proportions. The results are shown in Figure 2.6.
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Figure 2.6: Results from Moxey and Sanford (1993b). The influence of context
on the interpretation of quantifiers. The lines are for presentational convenience;
the groups from which each point is derived are independent. The quantifiers are
ordered post hoc in terms of ascending mean values.

For high-magnitude quantifiers (quite a few, quite a lot, many, a lot, and very
many) the results clearly illustrate the e↵ect of di↵erent prior expectations on
the interpretation of these quantifiers. For low-magnitude quantifiers (very few,
few, only a few, not many, and a few ) the results are not significant. Moxey and
Sanford attribute this to the floor e↵ect: the proportions that are described by
the low-magnitude quantifiers are so small that variations are not measurable in
this setting.
That the prior expectation about the context is an important factor in the
interpretation of gradable quantifiers is undeniable. Hormann (1983) goes even so
far to suggest that without context gradable quantifiers are entirely meaningless.
He shows this by asking participants to report the number of paperclips they expect after hearing the contextless phrase “QUANT Büroklammern” (“QUANT
paperclips”), where QUANT is one of the quantifiers ein paar (a few ), einige
(some) or mehrere (several ). The quantities reported by the participants make it
impossible to distinguish the quantifiers: the resulting histograms are almost identical for all the quantifiers. However, by providing the verbal context “auf them
Tisch” (“on the table”), the interpretations of the di↵erent quantifiers diverge.
See, Figure 2.7 for the results. So, the context information of these quantifiers is
so vital for their interpretation that without it, they become entirely meaningless.

20
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Figure 2.7: Results from Hormann (1983). Without context there is no di↵erence
between di↵erent gradable quantifiers.

2.4. Results from Psycholinguistics

2.4.2
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Perceptual Features

Expected frequency is only one of the contextual e↵ects that influence the interpretation of quantifiers. Since ANS is strongly influenced by spatial variations
and gradable quantifiers rely on ANS, we would logically expect the judgement
of gradable quantifiers being influenced by these spatial variations. There are
indeed a number of reports that show such spatial e↵ects.
Hormann (1983) tries to show that the size of the individual objects being
quantified over influences their interpretation. He asked participants how many
cars they would expect after hearing the phrase “Vor dem Haus standen mehrere
[Autos/große Autos]” (“In front of the house there were several [cars/big cars]”).
Figure 2.8 shows the results. It shows that participants systematically reported
a higher number for cars than for big cars. So for the smaller object (car ) there
must be more of them to be judged several.

Figure 2.8: Results from Hormann (1983).

Although not disagreeing with the results, Newstead and Coventry (2000)
argue against Horman’s methodology. The result can also be explained by expected frequencies as described by Moxey and Sanford (1993b). For example,
since big cars is a subset of cars we expect there to be less of them. In order
to control for these e↵ects, Newstead and Coventry (2000) conducted a similar
experiment, but with abstract visual stimuli. They used bowls containing 3 to
21 balls. The sizes of these balls in the bowl were either all 5mm or all 12mm.
Participants were asked to rate the appropriateness of the statement “There are
QUANT balls in the bowl” on scale from 1 (not at all appropriate) to 7 (totally
appropriate), where QUANT was one of the quantifiers a few, few, several, many
or lots. It is shown that for the bigger balls smaller amounts are required to deem
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the quantifier appropriate. The results are shown in Figure 2.9.
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Figure 6.

NEW STEAD AND COVENTRY

Interaction between quantifier, number of balls, and ball size in Experiment 2.

Figure 2.9: Results from Newstead and Coventry (2000).
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An even more direct link between numerosity estimation and quantifier judgment is found in Coventry et al. (2005). They show that the surface area of
a set influences the appropriateness of quantifiers. They presented participants
with images of fish and asked them to judge the appropriateness of the utterance
“There are QUANT fish”, where QUANT is one of the quantifiers a few, few,
several, many, or lots of. For larger quantities (> 12 fish), they found that when
objects are scattered over a larger area, quantifiers require smaller amounts of
fish to be judged appropriate. It seems very plausible that this is the result of
the e↵ect of area size on perceived numerosity, as discussed in the first section of
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this chapter (Bevan et al., 1963; Krueger, 1972). The fact that for lower quanties
there is no e↵ect is not addressed by the authors, but perhaps can be attributed
to the same floor e↵ect as suggested by Moxey and Sanford (1993b).
Experiments also show that quantifier judgment is not as clean-cut as one
might think at this point. Many other subtle e↵ects on quantifier judgement
can be found. For example, the number of contrasting objects (Coventry et al.,
2010), grouping of objects (Coventry et al., 2005), and attitude (Goocher, 1965)
all influence the way these gradable quantifiers are interpreted.

2.5

Conclusion

This chapter describes research from three normally unrelated fields. To what
extent the authors in di↵erent fields are aware of the work from other fields is
unclear to me (they do not refer to each other), but all of them independently
arrive at similar conclusions: Work in psychophysics has shown that estimation
of numerosity is highly sensitive to spatial variation. Big e↵ects have been found
of variations in extent and density on the numerosity perception. Work in developmental psychology shows that numerority is a multi-dimensional concept that
requires children to learn to coordinate the dimensions of extent and density.
The interpretation of gradable quantifiers relies strongly on numerosity perception. So, we would expect that spatial variation also influences the interpretation
of gradable quantifiers. Work in psycholinguistics shows that this is indeed the
case.
The fact that di↵erent fields with di↵erent research agendas arrive at very
similar conclusions only reinforces the general conclusion: Numerosity perception (and by extension the interpretation of gradable quantifiers) requires the
coordination of the spatial features extent and density.

