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The role of numerosity in judgments and decision-making

Rajesh Bagchi' and Derick F Davis?

Numbers are ubiquitous in modern life. We focus on one
fundamental feature of numbers — their numerosity or the
number of units into which a stimulus is divided (Pelham et al.,
1994) [1°°]. For instance, an object’s weight can be measured in
grams (100 g; lower numerosity) or milligrams (100 000 mg;
higher numerosity). The numerosity heuristic predicts people
infer greater quantity (weight) from higher numerosity (i.e.
100 000 mg), and judge the object as being heavier. We first
review the numerosity heuristic and its bases, then discuss
different manifestations in human decision-making

contexts — when numbers denote attribute levels (e.g. size/
quantity of products or attributes), reward points in loyalty
programs, prices, currencies, and probabilities (to make
predictions) among others. We conclude with ideas for future
research.
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Numbers are ubiquitous in modern life. They objectively
quantify the environment, and often serve as inputs in
decision-making. Beyond actual objective values, inci-
dental features of numbers, such as whether they are odd
or even, precise or round (end in ‘0’ or ‘5°) [2-4], long or
short [5°], or phonetically similar [6], can also influence
judgments and decisions.

We focus on one fundamental feature of numbers — their
numerosity. Numerosity refers to the number of units
into which a stimulus is divided [1°°]. For instance, an
object’s weight can be measured in grams (100 g; lower
numerosity) or milligrams (100 000 mg; higher numeros-
ity). According to the numerosity heuristic, people ignore
other relevant information, and infer greater quantity

(area, weight) from higher numerosity. Hence,

100 000 mg will be judged as being heavier [7°].

Numerosity also influences preverbal children, tribes
with no numerical language, and animals [8°°9-11].
For example, chickens are more satiated when equivalent
amounts of food are cut into more portions; rats prefer four
75 g food pellets to a single 300 g pellet [12].

We review the numerosity heuristic and its bases, and
then discuss different manifestations in human decision-
making contexts — such as judging product attributes
(e.g. size/quantity), points in loyalty programs, prices,
currencies, and probabilities, among others. We also
discuss when numerosity effects can reverse, such as
when individuals rely on units to make judgments, re-
ferred to as the unitosity heuristic. We conclude by consid-
ering future research directions.

Bases for numerosity

Why do people use this numerosity heuristic? One reason
could be because numerosity is innate to the brain [13°°].
Brain areas are organized topographically to reflect the
structure of primary sensory organs; the brain also has
topographic structures attuned to perceive numerosity,
suggesting it may be a ‘sixth sense’ [13°°]. High-field
fMRI shows that when participants view small versus
large number dot arrays, different brain areas respond
[13°°]. Furthermore, the space dedicated for processing
(i.e. number of neurons involved) is inversely proportion-
al to the number of dots (i.e. smaller space is dedicated for
larger numbers). This can explain why processing of
smaller versus larger numbers is more precise. Relatedly,
evidence suggests individuals can accurately perceive
small quantities via subitization (perceiving the number
of items without counting), rather than through counting
or pattern recognition [14°].

How the brain codes information can also explain why
responses to numerical stimuli are often asymptotic [1°°].
That is, people are more sensitive to changes near their
reference point than more distant changes [15]. Conse-
quently, two small gains (e.g. $500 each) from a reference
point (of $0) seem greater than one larger, but equivalent
gain ($1000) [16]. This suggests making a stimulus more
numerous should increase quantity perceptions. Addi-
tionally, ‘learned’ associations between numerosity and
size could increase reliance on the numerosity heuristic.
For instance, an eight-bedroom house is — on aver-
age — larger than a 4-bedroom house, therefore individ-
uals may overweigh the number of bedrooms in
judgments.
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Beyond neurological bases and learned associations, in-
dividuals must contend with a human-designed number
system and its properties. The ability to understand and
use this number system (referred to as numeracy) varies,
which can increase reliance on heuristics [17], making
people more susceptible to numerosity. Next we discuss
how numerosity effects emerge in marketing contexts,
beginning with judgments of tangible differences such as
physical size, followed by intangible differences, such as
those based on differences on some scale.

Numerosity effects in marketing contexts
Physical size. Individuals presented with pairs of varying
sized objects invariably prefer the larger object [18], due
to a bigger-is-better heuristic, which generalizes to other
contexts. Because physical size is a computationally sim-
ple heuristic to apply, nondiagnostic cues such as the
height of a pile of materials (e.g. proofread pages) lead to
higher productivity and progress perceptions, regardless
of actual work performed [19]. Next we discuss the role of
scales.

Scales. Attribute information can be presented using
different scales/units. Height in millimeters versus inches
(e.g. 51 mm versus 2 in) or weight in ounces versus kilo-
grams (70 Oz versus 2 kg) should lead to judgments of
greater height or weight, respectively.

Likewise, multiplying numbers by a scalar (e.g. 10)
expands a scale and increases numerosity while retaining
other characteristics. Such ‘arbitrary’ scales are often used
to describe product attributes or points in loyalty pro-
grams. Individuals rely heavily on the (arbitrary) scale
characteristics (points) and make inferences based on
points on the scale, even when this is not optimal [20].
For instance, compare two scales — in the contracted
(small numerosity) scale, consumers receive $5 upon
carning 10 points, whereas in the expanded (high numer-
osity) scale, they need 50 points. In this case, consumers
exert more effort in the expanded scale because by
focusing on the number of points received, the reward
feels more valuable [21].

Use of expanded versus contracted scales (e.g. number of
new movies per year versus per week) can lead to greater
discrimination between choice options. Consumers are
willing to pay more for a superior (relative to an average)
plan with expanded scales [22°°]. Similarly, quality dif-
ferences between product options appear larger when
expressed using expanded (rating on a 1000-point scale),
versus contracted (10-point scale) scales [23°°]. A scale’s
numerosity also influences goal pursuit [24°°,25]. Imagine
consumers earn a $6 loyalty reward upon spending $100.
Points required can be expressed with an expanded
(1000 points to redeem reward) or a contracted scale
(100 points). In the expanded (contracted) scale, step
sizes are larger (smaller), as participants earn more points

per dollar spent (10 versus 1). When consumers focus on
points needed to redeem a reward, distances appear larger
in the expanded (versus contracted) scale, as they are
indeed larger (1000 versus 100). However, when the focus
is on points earned per dollar spent (step sizes), distances
appear smaller in the expanded (versus contracted) scale,
as the step sizes are larger. These distance judgments
impact progress inferences, as well as store loyalty and
recommendation likelihoods.

While scales and units can be used to manipulate numer-
osity, sometimes they can reverse the numerosity effect.
Imagine a delivery was delayed from 14 to 28 days. This
delay could also be expressed in larger units (2—4 weeks).
The numerosity heuristic predicts that the delivery
change in days (the more numerous unit) would seem
longer. However, when in an abstract mindset, for in-
stance when envisioning an event in the distant future (a
delivery in 6 months), individuals rely on units — re-
ferred to as the wnitosity heuristic — to make judgments.
Consequently, a change in large units (weeks) is consid-
ered larger than a change in small units (days) — counter
to the numerosity heuristic. This reversal of numerosity
emerges for several quantities — length, height, weight,
and time [26°°]. This suggests that the aforementioned
numerosity effects may emerge only when individuals are
in a concrete mindset — for instance, when envisioning
near future events. Similarly, some attribute information
(battery life) is processed more fluently in the units with
lower (6 days) versus higher (144 hours) numerosity. In
such instances, the lower default unit will be preferred,
and will lead to more positive responses (higher willing-
ness-to-pay) relative to the more numerous unit, reversing
the numerosity effect [27°°]. Next we discuss how numer-
osity can be manipulated by making numbers perceptu-
ally larger.

Prices. Numerical information (e.g. prices) can be pre-
sented and encoded in three different forms: visual (e.g.
25), verbal (e.g. ‘twenty five’) and analog (between twen-
ty and thirty). These different presentation forms can
affect perceptions of number size. For instance, adding
commas and decimals to visual forms can influence how it
is encoded, and the now increased syllabic length of the
number can influence perception of magnitude (e.g.
‘1493’ is coded as five syllables ‘fourteen, ninety-three,’
whereas ‘1,493’ is coded as nine syllables ‘One thousand,
four hundred, ninety-three’ and is perceived to be larger)

[5°1.

Partitioning. Just like other stimuli, price can also be
divided into many parts — referred to as price partition-
ing. However, unlike with other stimuli where increasing
numerosity increases quantity judgments, partitioning
price actually lowers total price perceptions. For instance,
online retailers often have a product base price (e.g. $32
for a shirt) and an additional price (e.g. $4.95 for shipping
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