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Optional abstract

Grouping and crowding have each received much study, but, because they can be avoided, they have seemed marginal to
the mystery of how people recognize objects. We begin by showing that the same image parameters that promote grouping
also promote crowding. Joining grouping and crowding theories suggests a unified account in which grouping and crowding
are two aspects of the classification underlying all object recognition. In this unified account, recognition of a simple object,
like a letter, is mediated by a single combining field driving a simple classifier that can only recognize one thing at a time. It
follows that the human observer has a vast array of combining fields, one for each size and retinal location, and is usually
free to use whichever best matches the target. For simplicity, we suppose they are all similar, differing only in position and
size. As eccentricity increases, the smallest available combining field size increases, presumably because fewer neurons are
available. Crowding arises when the smallest available combining field is too large to isolate the target object from adjacent
objects, as a simple classifier cannot recognize two things at once. To test the notion that the same classifiers underlie both
crowding and grouping, we show that the efficiency of identification by a single isolated combining field in the periphery is
practically the same as the efficiency of unrestricted central vision of the same target. We conclude that the same unit for
object recognition underlies both grouping and crowding, optional and compulsory. Critical spacing marks the boundary be-
tween optional and compulsory.
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Facts

About crowding

Crowding is a bottleneck.
O
T

O indicates the combining field, i.e. within the critical spacing of
crowding.

v indicates recognition of the target A.
X indicates failure to recognize.

The extent of crowding is proportional to eccentricity and
independent of target size.
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Facts

About grouping

Grouping allows us to recognize multiple elements as a
simple object. It is promoted by several factors — Proximi-
ty, Similarity, etc. — which are known as the Laws of Group-

ing.
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The extent of grouping is proportional to object size. But
crowding sets a minimum (shown faintly).
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Conjecture

Universal recognition unit

It seems that the underlying operation of crowding and
grouping may be the same: We call it “grouping” when rec-
ognition succeeds, and “crowding” when it fails. Suppose
that recognition of any simple object, like a letter, is always
mediated by a universal recognition unit. They’re all the
same, differing only in size and position. At each eccentrici-
ty, crowding is the smallest grouping.
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Deductions

Every grouping is like a more peripheral crowding.
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The bottleneck is ubiquitous.

Test yourself
Efficiency

Prediction

Unrestricted vs. isolated

Efficiency of letter identification in noise measures how
well recognition works. Since a letter is always recognized
by a universal recognition unit, the efficiency of an isolated
unit should be practically the same as for unrestricted
vision.
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Isolating a recognition unit. Your efficiency of letter recog-
nition is 6%, whether you are constrained by crowding to
use a single peripheral recognition unit (left — fixate the
plus and identify the middle letter) or free to use central
vision (right). This is evidence that visual letter recognition
is always mediated by recognition units like the one isolat-
ed here.

Results

Identify a letter in noise.

Efficiency
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Conclusion

Parsimony and the experimental result
support the idea that object recognition is
meditated by a vast array of similar recog-
nition units, of various sizes and locations,
each capable of recognizing things no
more complex than a single Roman letter.
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