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The binding problem lives on: comment on Di Lollo

Jeremy M. Wolfe
Brigham & Women'’s Hospital, Harvard Medical School, 64 Sidney St. Suite 170, Cambridge, MA
02139, USA

In his opinion article [1], Vincent Di Lollo argues that the binding problem [2-4] is ‘ill-
posed’. | disagree. The binding problem is, in fact, a very real problem, solved in the visual
system with the aid of selective attention. What was ‘ill-posed’, or just incorrect, was the
traditional mapping of the problem onto the brain.

The binding problem could be described as the problem of knowing how basic features
relate to each other. Thus, in Figure 1, it is perfectly clear, once you attend to the upper left-
hand item, that it consists of vertical purple and green horizontal regions. Without directing
your attention, you can see that the rest of the image contains similar items and you can
easily discern that some of those items are rotated 45 degrees. However, you will have no
idea if items possess green vertical or horizontal regions unless you attend to them. That is
the binding problem. It has not gone away. (Of course, this is a demonstration figure. It may
suffer from “‘crowding’ issues [5], as well as binding problems. However, in the laboratory,
the same point can be made with very small numbers of widely spaced items [6]).

Di Lollo challenges an early neurophysiological account of binding, which held that features
such as color and orientation were processed in geographically separate pieces of cortex and,
thus separated, the features needed to be ‘bound’ together in order to see coherent objects.
He argues that this old ‘feature module’ idea was over-stated: cells tend to be tuned for
multiple features and, therefore, binding is not necessary.

This throws the binding baby out with the physiological bathwater — illustrating, as it does
so, the perils of considering neuroscience to be the arbiter of the value of psychological/
cognitive models. In fact, it does not make the slightest difference to the reality of the
binding problem if color and orientation are handled in separate ‘modules’ or in the same
piece of brain. The fact remains that, whatever your cells may be doing, you, as the user of
those cells, cannot distinguish green vertical plusses from green horizontal ones until you
selectively attend to one item.

The ‘problem’ in the binding problem is not geography; it is capacity. The problem is that
the nervous system is limited in the number of objects it can recognize at the same time. The
limit may be one object or very few but, as you look at the world in front of you, the
collections of features do not form themselves into recognized objects until some collection
of features, forming something like a ‘proto-object’ [7], is selected by attention. At that
point, the features can be said to be bound into a recognizable item.
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You seem to be able to perceive some aspects of the figure without selective attention. You
know, for instance, that these are green and purple plusses. Similarly, it is possible, in the
absence of binding, to make some successful decisions in laboratory tasks. These can be
quite complex, such as identifying the presence of an animal [8], and may reflect the power
of feed-forward processing [9]. Beyond that, however, Di Lollo is probably correct to invoke
‘iterative reentrant processing’. If this processing consists of cycles of feedback from higher
cortical processes reaching back to make contact with visual information in earlier areas,
that sounds a great deal like what might be proposed in 2012 as the physiological substrate
of selective attention. Like earlier notions of geographically distinct maps for every feature,
this mapping of physiology onto behavior might be incorrect. Eventually, we may learn how
the brain implements behavior. While we wait, visual processing will remain capacity
limited. In the absence of attention, we will know rather little about how basic features are
tied to their objects, and the binding problem will remain well-posed.
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Figure 1.
In this figure, it is immediately obvious that there are green and purple “plusses’, some of the

rotated to form “X’s. However, it will require attention and binding to determine if a given
plus has green vertical or green horizontal components.
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