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Abstract

Research suggests that people minimize the amount of effort
used to generate natural language descriptions of visual scenes.
In the case of visual scenes with multiple groups, recent work
has found that people tend to generate quantitative descriptions
that mention the number and cardinality of groups (e.g., “two
groups of three limes”), but omit the total quantity (e.g., “six
limes”). This finding suggests that people groupitize, that is,
they more quickly determine the number of grouped items by
rapid enumeration of subgroups, rather than slower item-by-
item counting. A recent proposal predicts that during descrip-
tion, people exert less effort by encoding and reporting only
information that is readily available to perception. In previ-
ously studied description tasks, people may have omitted the
total quantity from their descriptions because of considerations
of brevity and informativity. In this paper, we describe a study
designed to test how individuals balance effort, brevity, and
informativity when evaluating quantified descriptions. The ex-
periment was designed to elicit more fine-grained preferences
for descriptions using direct comparisons between two com-
peting descriptive forms. The results suggest that perceptual
effort plays a central role in how people describe grouped col-
lections of items.
Keywords: numerical perception; pragmatics; quantified de-
scription; visual grouping

Introduction
When communicating about visual scenes with multiple ob-
jects in them, people often produce quantified descriptions.
Consider the scene depicted in Figure 1. Many possible op-
tions exist to accurately describe the image, e.g., “six limes”,
“several limes”, “more than four limes”. The relevant goals
of discourse, and other pragmatic constraints, serve as guides
for generating descriptions (Cummins, 2015; Hesse & Benz,
2018).

During production of quantified descriptions, pragmatic
constraints are often in tension with perceptual constraints.
For example, when placed under time constraints that make
exact enumeration difficult, people produce inexact quanti-
fied descriptions of sets of items (Briggs, Wasylyshyn, &
Bello, 2019). In a reference generation task, where people
use quantified expressions to distinguish one set of objects
from other sets of different quantities, a similar modulation
of precision occurs (Barr, van Deemter, & Fernández, 2013).
Specifically, Barr et al. (2013) found that people use exact
numbers to describe items below the subitizing range, which
is the range of quantities that people can exactly enumerate
without counting. Many researchers suggest that the subitiz-
ing range is from one to around four items, meaning that peo-

Figure 1: An example of a visual scene with multiple groups
of similar objects.

ple can rapidly and accurately enumerate quantities of 4 or
fewer (Mandler & Shebo, 1982; Trick & Pylyshyn, 1994).
Barr et al. (2013) also found that people use non-numerical
quantifiers when describing quantities outside the subitizing
range. These findings are consistent with the least perceptual
effort hypothesis (Briggs, Harner, & Khemlani, 2020), which
posits that speakers exert the minimum amount of perceptual
effort to accomplish a particular task. Thus, for small subiti-
zable quantities, where exact enumeration is low-effort and
automatic, people should produce exact number descriptions.
For large quantities, when exact enumeration is high-effort,
people should produce less precise quantified descriptions.
In other words, the hypothesis predicts that pragmatic pres-
sures to be precise and informative interact with the level of
perceptual effort the speaker is willing to exert.

The phenomenon of quantified description becomes more
complex when a scene has multiple groups. Consider again
the image in Figure 1. People can describe not only the total
number of limes, but also the number of groups of limes (i.e.,
two) and the cardinality of each of these groups (i.e., three).
Inclusion or exclusion of these three different quantified ref-
erents yield several possible forms of quantified descriptions.
Briggs et al. (2020) found that for certain scenes that depict
multiple groups of items, people tend to generate quantified
descriptions that describe the number and cardinality of the
groups, but omit the total quantity (e.g., two groups of tree
limes). The scenes that yield such descriptions are those in
which the number of groups and their cardinalities are at or
below the subitizing limit, such as in Figure 1.
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Research in numerical perception has shown that “groupi-
tizing” is a common means to determine the exact quantity of
a set of objects that can be easily decomposed into subgroups
of small quantities (Starkey & McCandliss, 2014; Ciccione
& Dehaene, 2020; Anobile, Castaldi, Maldonado, Burr, &
Arrighi, 2020). People can, for example, determine the num-
ber of limes in Figure 1 by first noticing that there are two
groups of limes, and that both have three limes. Simple men-
tal arithmetic allows the viewer to determine the total quantity
without relying on item-by-item counting. Thus, according
to the least perceptual effort hypothesis, people should pro-
duce quantified descriptions that include only the group num-
ber and the group cardinality. These descriptions may serve
pragmatic considerations as well. For example, saying “two
groups of three limes” is briefer than saying “six limes in two
groups of three each,” and more informative than saying “six
limes.”

In this paper, we examine the role of perceptual and prag-
matic factors in the quantified description of visual scenes
with multiple groups. We begin by introducing three key per-
ceptual and pragmatic constraints and discuss what predic-
tions they make regarding what quantified description forms
should be favored over others. In particular, we identify a par-
ticular pairwise comparison that makes a prediction unique to
the least perceptual effort hypothesis. We then present a novel
experiment designed to elicit description preferences given
direct comparison between two competing descriptive forms,
and show that participants’ preferences corroborate the pre-
diction. We conclude by discussing the results of the exper-
iment and how perceptual and pragmatic constraints interact
in visual scene description.

Preferences in descriptions of groups
Perceptual and pragmatic constraints can account for pref-
erences between forms of quantified descriptions of visual
groups. At least three kinds of quantification are relevant
when considering quantified descriptions of groups: the total
number of similar visual items, the number of groups, and the
cardinality of each group. Consider the following quantified
descriptions of Figure 1:

“There are six limes.” [D1]

“There are six limes in two groups.” [D2]

“There are two groups of three limes.” [D3]

“There are six limes in groups of three.” [D4]

“There are two groups of three limes for a total of six
limes.” [D5]

Perceptual and pragmatic constraints make diverging pre-
dictions as to which types of quantified description people
should favor over others during natural language production,
so we review their differences.

Perceptual constraints. When the number of groups in an
image is easy to enumerate, i.e., below the subitizing limit,
people appear to have rapid access to that number. And when
the number of items in a particular group is also below the
subitizing range, people should have access to the group car-
dinality as well. Hence, if people base descriptions on what-
ever numbers come to mind most rapidly as a result of per-
ceptual processes, as the least effort hypothesis predicts, they
should favor descriptions such as D3 over more complex de-
scriptions (such as D4 and D5). They should also favor D3
over simpler descriptions such as D1, because D1 is based
on the number of total items, i.e., a number that may not be
rapidly available.

Pragmatic constraints. People may favor expressions that
are more informative or briefer than alternative expressions.
These constraints correspond to the Gricean maxim of quan-
tity and manner, respectively (Grice, 1975). We do not con-
sider the constraint of correctness (the Gricean maxim of
quality) as the vast majority of people tend to describe im-
ages such as Figure 1 accurately. Hence, D1-D5 above are all
accurate descriptions, and people cannot evaluate them based
on their relative accuracies.

Considerations of informativity concern those pieces of
quantitative information that can be communicated or easily
inferred. Hence, if viewers are concerned with informativity
alone, they should prefer descriptions D3, D4, and D5 as the
most informative. D5 is most informative because it explic-
itly communicates all 3 pieces of quantitative information,
whereas with D3 and D4, the quantitative information not di-
rectly communicated can be inferred from the other two de-
scriptors. In the case of D3, the total quantity can be inferred,
while D4 provides enough information to infer the number
of groups. D1 is the least informative form, because while
it conveys the total number of items, it does not convey any
indication that the items are grouped (let alone the number of
groups or the cardinality of those groups). D2 is more infor-
mative than D1, as it mentions the number of groups, but it
does not convey any information about the cardinality of each
group. For instance, a description such as “six limes in two
groups” could describe an image where one group has two
limes and the other four, not distinguishing it from an image
where both groups have three limes.

Considerations of brevity, i.e., a constraint that pressures
viewers to produce concise descriptions, apply to the task of
quantified descriptions by determining the number of facts
explicitly communicated. Brevity could be construed in terms
of precise word counts, but various surface realizations of
the descriptive forms above could yield expressions of dif-
ferent lengths (e.g., “six limes in two groups” vs. “six limes
in groups of two items”) and so we construe brevity as a more
conceptual constraint. The constraint yields the following or-
dering: D1 is the briefest description, conveying only one
quantitative fact. D5 is the least brief, explicitly conveying
all three relevant facts, and D2, D3, and D4 all convey two
pieces of quantitative facts. Hence, a constraint on brevity, in
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isolation, should favor D1 over D2-D5 and D5 over D2-D4.

Probing preferences. In a prior study, eliciting descrip-
tions of images such as in Figure 2, Briggs and colleagues
(2020) found D3 to be the most common form produced by
participants, consistent with the least perceptual effort hy-
pothesis. However, this preference is also consistent with
pragmatic factors such as informativity (since D3 is more in-
formative than D2 and D1) and brevity (since D3 is more
concise that D5). The D3 preference in these cases may
be overdetermined. Thus, the elicitation task presented by
Briggs and colleagues (2020) cannot unequivocably predict
what candidate forms people consider when they generate de-
scriptions. It may be that the task of generating a description
biases participants to incorporate considerations of informa-
tivity and brevity. Hence, we report a novel experiment that
sought to further elaborate on this work by investigating di-
rect comparisons between different forms of quantified de-
scription.

Experiment
The aim of the experiment was three-fold. First, it sought
to gather more fine-grained data regarding description prefer-
ences, including between candidate descriptions that people
do not produce often. Second, the study tested preferences
between D3 and D4: these two statements are matched on
their informativity and brevity, and so the least perceptual ef-
fort hypothesis uniquely predicts a preference for D3. Third,
it sought to test whether the strong preference for D3 descrip-
tions predicted by the least perceptual effort hypothesis and
found in prior work could be replicated in a non-elicitation
paradigm.

The experiment investigated descriptive preferences be-
tween a limited set of possible candidate expressions. All
the images presented multiple groups of objects, with each
group containing the same number of objects. Participants
viewed two possible descriptions of the image and selected
the one they found to be the more natural description (or else
indicated that they had no preference between the two de-
scriptions).

Method
Participants. Fifty-three participants (mean age = 36.6
years; 31 males, 21 females, and 1 no response) volunteered
through the Amazon Mechanical Turk platform (see Paolacci,
Chandler, and Ipeirotis (2010), for a review). All participants
reported being native English speakers; we dropped one
participant due to a data recording error.

Procedure. Participants carried out 20 trials where they were
presented with each of the 10 possible pairwise description
comparisons twice. The experiment randomized the order
of the trials. On each trial, participants viewed a single
image randomly selected from the materials. Below the
image, the participants were presented with two descriptions
that accurately reflected the quantities contained within the

Figure 2: A screenshot from an example trial within the ex-
periment.

selected image. Each trial was self-paced with no time
limit. Participants selected the description they found to
be a more natural description of the image, or otherwise
selected a third option to indicate ‘no preference’ between
the two descriptions. Figure 2 shows an example trial, where
the participant was asked to select between forms D1, D5,
and NP (no preference). The presentation order of the two
candidate forms was randomized on each trial, while the ‘no
preference’ option was always placed last.

Design. The study manipulated the possible descriptive
forms (i.e., D1–D5) participants were presented with, and
participants acted as their own controls. The study gave
participants pairwise choices between two different forms.
Therefore, there were C5

2 = 10 possible pairwise comparisons
(i.e., {D1,D2}, {D1,D3}, ..., {D4,D5}).

Materials. Images in the study contained multiple homo-
geneous sets of everyday objects (e.g., paperclips, mugs,
flowers). A total of eight different object types were used.
Images involved four possible combinations of number of
groups and group cardinality, specifically: 2x4, 3x3, 3x4,
and 4x3. Figure 3 provides an examples of stimuli from each
of these variants. The materials included an image for each
object type and group configuration, yielding a total of 32
unique images.
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Figure 3: Example stimuli representing each possible group
number and group cardinality (i.e., 2x4, 3x3, 3x4, 4x3).

Open science. Data from the experiment, experimental code,
and statistical analyses are all available online through the
Open Science Framework (https://osf.io/u7gyc/).

Results

Table 1 presents the percentages of response preferences for
each pairwise comparison of candidate descriptions. To ana-
lyze the significance of a response pattern in a given compar-
ison, we coded one response as -1, the other as 1, and the ‘no
preference’ option as 0. The mean responses for each par-
ticipant were then compared to a null hypothesis sample (all
zeros to indicate no preference) using Wilcoxon signed-rank
tests. In the analyses reported below, a Bonferroni correction
was applied to account for the ten pairwise comparisons in-
volved in the analysis. The corrected significance level was
set to p < .005.

Least effort hypothesis. Overall, the data supported the
least perceptual effort hypothesis. Participants preferred D3
descriptions reliably more often to D4 descriptions (64% vs.
35%; Wilcoxon test, z = 3.11, p = .002, Cliff’s δ = .31).
Likewise, they preferred D3 more often than D1 (70% vs.
28%; Wilcoxon test, z = 3.65, p < .001, Cliff’s δ = .423).
The data were consistent with the least perceptual effort hy-
pothesis for D3 vs. D2 and D3 vs. D5, where D3 was more
commonly preferred to D2 (59% vs. 39%; Wilcoxon test,
z = 1.77, p = .077, Cliff’s δ = .19) and D5 (57% vs. 41%;
Wilcoxon test, z = 1.33, p = .18, Cliff’s δ = .135), respec-
tively, though these results were not statistically reliable.

Informativity predictions. The preferences predicted by
the informativity constraint were mostly supported by the

data. In particular, participants dispreferred D1 compared to
all competing descriptions. As previously reported, D1 was
significantly dispreferred to D3. Likewise, D1 was signifi-
cantly less preferred to D5 (29% vs. 67%; Wilcoxon test,
z = 3.08, p = .002, Cliff’s δ = .39) and D2 (29% vs. 67%;
Wilcoxon test, z = 3.15, p = .002, Cliff’s δ = .39). Partic-
ipants preferred D1 less often than D4, but this comparison
was marginal in significance (36% vs. 58%; Wilcoxon test,
z = 1.96, p = .05, Cliff’s δ =). Participants selected D2 more
often than D4, contrary to the prediction from informativ-
ity. However, this result was not significant (47% vs. 44%;
Wilcoxon test, z = 0.27, p = .79, Cliff’s δ = .04).

Brevity predictions. Participants tended to violate the pre-
dictions of the brevity constraint for many comparisons,
e.g., they preferred D5 to D4 descriptions (57% vs. 34%;
Wilcoxon test, z = 2.04, p = .041, Cliff’s δ = .23) and D5
to D1 descriptions (see previous section). Those scenarios
in which participants preferred briefer descriptions happened
to concern the comparisons in which the briefer description
was D3, as in D3 vs. D4 or D3 vs. D5. As a whole, the
study lends more support to the least effort hypothesis than
the brevity constraint.

Summary. Overall, the preferences found in the data were
consistent with both the predictions made by the least percep-
tual effort hypothesis and the informativity constraints. Par-
ticipants preferred D3 over all other competing descriptive
forms, as predicted by the least perceptual effort hypothesis.
In particular, participants preferred D3 over D4 responses, a
preference uniquely predicted by the least perceptual effort
hypothesis. These results reveal that the interaction between
perceptual cost and informativity found in other quantified
description tasks without multiple groups (Barr et al., 2013;
Briggs & Harner, 2019) is robust and generalizable. The data
complement the findings from a quantified description elici-
tation task that involved scenes with multiple groups, which
revealed a strong preference for D3 descriptions (Briggs et
al., 2020).

General Discussion

When formulating descriptions of visual scenes, speakers
must balance a variety of constraints. On the one hand, they
ought to be cooperative speakers by satisfying various prag-
matic goals: they should be appropriately informative by
communicating necessary information and omitting redun-
dant information (Grice, 1975). On the other hand, speak-
ers are constrained by the way they perceive a visual scene,
since perception demands time and effort. The least percep-
tual effort hypothesis proposes that people generate descrip-
tions in a way that minimizes perceptual costs. It predicts
that speakers generate descriptions based on the information
readily available to them.

In practice, perceiving a scene to know what informa-
tion is redundant requires additional effort beyond perceiv-
ing what is needed to be sufficiently informative. Thus, the
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Percentages of descriptions
selected as preferred

Comparison D1 D2 D3 D4 D5 NP Significance
D1 vs. D2 28 67 – – – 4 *
D1 vs. D3 28 – 70 – – 2 *
D1 vs. D4 36 – – 58 – 7 .
D1 vs. D5 29 – – – 67 4 *
D2 vs. D3 – 39 59 – – 3
D2 vs. D4 – 47 – 44 – 9
D2 vs. D5 – 38 – – 55 8
D3 vs. D4 – – 64 35 – 1 *
D3 vs. D5 – – 57 – 41 2
D4 vs. D5 – – – 35 58 8 .

Table 1: Percentages of trials on which participants preferred one of the five descriptive forms in Experiment 1 for each pairwise
comparison; NP = “no preference”. [* = p≤ .005; . = p≤ .05]

least perceptual effort hypothesis predicts a tendency toward
over-informativity. For instance, many researchers have in-
vestigated how people produce referring expressions, where
a speaker must describe a target item to distinguish it from
distractors. Overspecification is a common phenomenon in
such cases: speakers describe redundant attributes beyond
what is necessary to disambiguate the item (Pechmann, 1989;
Tarenskeen, Broersma, & Geurts, 2015; Koolen, Krahmer, &
Swerts, 2016; Rubio-Fernández, 2016; Viethen, van Vessem,
Goudbeek, & Krahmer, 2017). Likewise, in the case of
quantified referring expressions, where target collections are
based on quantity information, speakers display a similar ten-
dency toward over-informativity (Barr et al., 2013; Briggs &
Harner, 2019), that is, they often describe an image as “4
black dots” when a description such as “a set of dots” is suf-
ficient (Barr et al., 2013).

In this study, we examined preferences in how people eval-
uate quantified description of visual scenes that contain mul-
tiple groups. When multiple groups are present, the space of
possible quantified descriptions grows more complex, and it
presents viewers with the option of not only reporting the to-
tal number of items in a scene, but also the number of groups,
and cardinality of each group. Specific pragmatic constraints
make predictions about what descriptive forms should be pre-
ferred by speakers. For example, the constraint of brevity
would favor reporting only the total number of items, whereas
informativity would favor the forms that allow hearers to in-
fer the total number of items, the number of groups, and the
cardinality of each group. Research in numerical perception
has shown that people “groupitize” to determine the exact
quantity of a set of objects that can be easily decomposed
into subgroups of small quantities (Starkey & McCandliss,
2014; Ciccione & Dehaene, 2020; Wege, Trezise, & Inglis,
2021), i.e., they determine quantity by first encoding the num-
ber of groups and cardinality of subgroups, then performing
mental computation to obtain the total quantity without rely-
ing on item-by-item counting. Thus, according to the least
perceptual effort hypothesis, people should commonly pro-

duce quantified descriptions that include only the number of
groups and their cardinalities.

A previous elicitation study supported this prediction
(Briggs et al., 2020). However, a limitation of that study was
that it did not provide insight into what candidate forms peo-
ple considered as they generated descriptions, only the final
description produced by the participants. In particular, we
sought to advance that work by examining whether or not a
description of only group number and cardinality (D3 above)
was preferred to a description containing total number and
group cardinality (D4 above). This preference is predicted
only by the least perceptual effort hypothesis. To obtain such
fine-grained data about descriptive preferences, we designed
an experiment that asked participants to engage in pairwise
comparisons of descriptive forms. The data supported the
preference to report group number and cardinality predicted
by the least perceptual effort hypothesis.

One of the limitations of the present study is that it only
deals with groups of homogenous cardinality and group car-
dinalities within the subitizing range. The prediction of re-
porting both the exact number and cardinality of groups may
not apply in such situations. For instance, consider an ex-
ample of a collection of items with subgroups containing 10
items each. In this case, the least perceptual effort hypothesis
predicts that people may choose to describe the group cardi-
nality imprecisely (e.g., “groups with lots of dots”) or not at
all. And, when the cardinality of each subgroup differs, pre-
cise descriptions of the cardinality of each group may become
both harder to perceive and encode and unwieldy to produce.
The pairwise comparison paradigm reported in this study may
help investigate preferences that are not predictive of elicited
descriptions. For example, it may be the case that participants
favor exact descriptions of quantities outside of the subitizing
range because they simply assume the supplied descriptions
are correct (without having to engage in costly exact enumer-
ation of large quantities to verify the description). As such,
we view the pairwise comparison paradigm as complemen-
tary to elicitation studies.
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Nevertheless, the results we report suggest that models of
how people describe quantities from images must depend, in
part, on the processes by which they perceive those quanti-
ties. Models that do not take such perceptual costs into ac-
count may be overly permissive, and they may generate de-
scriptions that individuals neither produce nor prefer (Briggs
& Harner, 2019). Furthermore, implementing the least ef-
fort hypothesis in computational systems for visual scene de-
scription will require the ability to model more human-like
perception (Kotseruba, Gonzalez, & Tsotsos, 2016). Systems
designed to produce natural descriptions of scenes must take
into account how people incrementally attend to, perceive,
and construct representations of the objects and object clus-
ters depicted in those scenes.
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