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to and make use of numbers—not just in the form of symbols and 
words, but as quantities of objects, of events, and of abstract con-
cepts. Butterworth is one of several researchers who believe that 
the human brain can be thought of as having a “sense” for num-
ber, and that we, like our evolutionary ancestors, are neurologically 
hardwired to perceive all sorts of quantities in our environments, 
whether that serves for selecting the bush with more fruit on it, rec-
ognizing when a few predators on the horizon become too many, or 
telling from a show of hands when a consensus has been reached.

Indeed, that most humans, even from a very early age, can 
quickly and accurately distinguish among different quantities of 
things is so obvious that it’s frequently taken for granted. This 
ability, known as numerosity perception, is distinct from count-
ing—the process of keeping a tally while going through a set of 
objects—and is present in infants long before they learn words or 
symbols for particular numbers. It is evident, too, among adults 
in isolated human populations that typically don’t use num-
bers much in their daily lives. Moreover, it’s not human-specific: 
experiments with monkeys, crows, fish, and even bees indicate 
that numerosity perception, at least for relatively small quanti-
ties, is widely distributed across the animal kingdom. (See side-
bar on page TK.)

How numerosity perception works neurologically, and how 
important it is in human cognition, are tougher questions to 
answer, and ones that have sparked debate among researchers. 
While some scientists propose that the so-called sense of num-
ber is just an offshoot of a more general perception of magni-
tude—an ability to say roughly how big something is in relation 
to something else—others argue that numerosity perception is 
an independent phenomenon, something that gives a special 
meaning to “four” and “five” as discrete quantities. Some sci-
entists assign this number sense an even greater importance, 
claiming that it’s the foundation for humans’ capacity for 
numerical reasoning and arithmetic—that there’s a connection 
between our ability to quickly recognize the number of flowers 
in a vase, and our ability to understand why 2 + 4 = 6.

Thanks to growing interest in the subject, combined with 
advances in experimental and technological methods for studying 
the brain, data are trickling in to support these arguments—and 

occasionally confuse them. The result is far 
from being a clear picture, and disagreements 
still abound, but for Butterworth and others 
like him, multiple threads of evidence are 
now coming together to support numerosity, 
and our brain’s encoding of it, as a fundamen-
tal part of how we experience the world.

A number sense? 
When David Burr first shared what would 
become some of his most famous work on 
numerosity perception around a decade 
ago, he was taken aback by the heckling he 
received. His findings, he’d argued to the 
crowd at a visual perception conference, indi-
cated that humans automatically perceived an 
image’s numerosity in much the same way they 
perceive its color. But “some very angry people 
were yelling from the audience, ‘It’s got noth-
ing to do with number!’” he recalls. “I didn’t 
expect that it was going to be so controversial.” 

A physiological psychologist at the University of Florence, Burr 
was suggesting that a person’s ability to estimate the number of dots 
on a screen is susceptible to a visual quirk known as adaptation, 
whereby looking at one thing can subconsciously influence our per-
ception of another. A classic example is the color illusion in which 
staring at a red square for 30 seconds will cause you to perceive a 
white square as bluish-green. The effect is typically attributed to the 
brain’s tendency to become desensitized—red-sensitive photorecep-
tors fire for a while but then stop firing as much; the resulting imbal-
ance between the excitability of red- and green-sensitive cells causes 
the illusion of greenness when looking at a white image. Psycholo-
gists interpret the existence of such adaptation effects as evidence of 
dedicated neural mechanisms for seeing color, and, accordingly, of 
color’s importance to how we perceive the world. “When something 
adapts, and adapts so readily,” Burr says, “that’s sort of saying that 
it’s a primary visual attribute.” 

He and University of Western Australia psychologist John 
Ross had found that looking at large numbers of dots on a screen 
tended to make people underestimate the number of dots in sub-
sequent pictures, while looking at small numbers of dots had the 
opposite effect. Control experiments with dots in different pat-
terns and densities indicated that the effect was specific to the 
number of dots, Burr adds, and not, as the hecklers were yelling, 
to some other quality of the image, such as the density of the dot 
pattern. This finding put number in the same category as color, 
motion, texture, and other visual attributes as something that the 
brain automatically picks up on, the pair wrote in a 2008 paper 
describing the results.1 “We propose that just as we have a direct 
visual sense of the reddishness of half a dozen ripe cherries, so 
we do of their sixishness.” 

The argument about whether numerosity is a fundamental 
feature of perception hardwired into our brains, or just a byprod-

Monitor shows patterns of dots, differing not 
only in number but in colour and dot size.

I reckoned that I 
experienced about  
a thousand numbers  
an hour.
 — Brian Butterworth 
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A FAVORITE NUMBER
In search of the neural pathways that allow the brain to perceive numbers of objects, neuroscientists including Andreas Nieder of the University of  
Tübin gen have carried out single-cell recordings in the brains of macaques, among other animals. In a series of experiments, Nieder’s team demonstrated 
that certain neurons in the intraparietal sulcus (IPS) and the prefrontal cortex (PFC)—parts of the brain that have been implicated in visual attention and 
higher cognitive processes, respectively—respond selectively to particular quantities of objects. The findings hint at the existence of dedicated “number 
neurons” that extract numerical information from sensory input. Some researchers propose that these number neurons actually lie downstream of a 
separate number-extracting system in the visual cortex, while others dispute the idea of a dedicated number-sensing system in the brain at all. More 
research is needed—in humans as well as in animals—to get to the bottom of how brains perceive and process numerical quantity, or numerosity.

Intraparietal 
Sulcus (IPS)

Macaque views patterns of dots 
and completes a simple image 
discrimination task.

Prefrontal  
cortex (PFC)

In the pictured experiment, a macaque 
views a monitor screen displaying variable 
numbers of dots while researchers record 
from individual neurons in the IPS. The 
results reveal different activity profiles for 
different cells: some cells fire rapidly when 
the screen shows three dots (shown here) 
while others fire more in response to one 
or four. Importantly, cells do show some 
activity for numerosities close to their 
preferred numerosity, perhaps helping to 
explain how and why the brain sometimes 
makes mistakes when distinguishing 
between close-together quantities.
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Circles show neurons’ responses for  
the pictured experiment with three dots.

ashleighcampsall
Sticky Note
Marked set by ashleighcampsall

ashleighcampsall
Sticky Note
Marked set by ashleighcampsall

ashleighcampsall
Sticky Note
Marked set by ashleighcampsall

ashleighcampsall
Sticky Note
Marked set by ashleighcampsall

ashleighcampsall
Sticky Note
Marked set by ashleighcampsall

ashleighcampsall
Sticky Note
Marked set by ashleighcampsall




