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a mechanism would have the necessary speed to produce
the interception of accelerating objects, as has been
demonstrated by Lacquaniti and colleagues. A time-extra-
polation could supplement the task of prediction, and
work cooperatively with space-extrapolation to yield a
more robust system than each type of extrapolation
alone would.

Cunningham suggests that in addition to spatial com-
pensation for delays, there should also be temporal com-
pensation; and in addition to compensation for delays for
continuous events, there should also be compensation for
discrete events. There are perhaps two ways of describing
temporal compensation. One is similar to whatz Zago &
Lacquaniti might call time-extrapolation. This may be
called absolute temporal compensation, as it affects delays
between a physical event and its registration. The other is
relative temporal compensation, where the nervous system
actively coordinates sensory signals to compensate for tem-
poral asynchronies between modalities (see commentary by
Cutting).

Relative temporal compensation is what Cunningham
and colleagues have shown in their interesting exper-
iments. Let us consider absolute temporal compensation
further. First, there is a form of absolute temporal com-
pensation, as demonstrated by experiments on finger
tapping to auditory tones. Within limits, human subjects
can predict repetitive discrete tones and put their finger
taps just in advance of the tones (Mates et al. 1994).
This is a good example of where the sensorimotor system
must have information about the actual time of an external
event. But can absolute temporal compensation occur for
perception (as opposed to behavior such as finger taps)?
Can the visual system generate the percepts of repetitive
flashes, for example, simultaneously with the actual
flashes? The answer would appear to be no, and this is
where spatial and temporal compensations differ. The
claim of spatial compensation is that it can put the
percept of the moving object closer to (or even ahead of)
the actual position of the moving object. In contrast, tem-
poral compensation cannot, it seems, put the perceptual
event close to the time of the actual event.

I fully endorse the amendment suggested by Cunning-
ham that: “The goal of visual prediction is to use priors
acquired from both previous experience and the currently
unfolding visual stimulus to create a perceived state of the
world that matches, as far as possible, the actual state of
the world.”

R6.7. Mental extrapolation and (not “or”) visual
extrapolation

Kerzel & Miisseler suggest that sensorimotor prediction
and mental extrapolation, as opposed to visual extrapol-
ation, can overcome perceptual latencies. There is no
doubt that sensorimotor prediction is an important, and
highly flexible, contributor to successful behavioral acts.
The role of mental extrapolation in the context of flash-
lag effect is, however, not as clear as these commentators
propose. Kerzel & Miisseler claim that the missing predic-
tive-overshoot in the flash-terminated condition opposes
the visual extrapolation account, and they invoke mental
extrapolation in explaining the forward-shift of fading
moving objects (Maus & Nijhawan 2006). However, it is
not clear how mental extrapolation escapes this very
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criticism. Why does mental extrapolation not lead to an
overshoot in the flash-terminated condition?

Mental extrapolation falls in the general category of
phenomena such as mental imagery and mental rotation.
Researchers have investigated the neural basis of mental
imagery. One of the key findings is that mental imagery
tasks engage the primary visual cortex (Kosslyn &
Sussman 1994). In addition, Kosslyn and colleagues have
found a number of similarities between mental imagery
and visual perception, such as the topographic nature of
both representations (Kosslyn et al. 1995). Thus, the exist-
ence of mental extrapolation would predict the existence
of visual extrapolation. Kerzel & Miisseler’s proposal
that mental extrapolation exists but visual extrapolation
does not is unparsimonious.

I claim that the task of mental extrapolation is not to
solve the problem of neural conduction delays, but
rather, it is to determine when a moving object, occluded
by another object, will reappear (Wexler & Klam 2001). In
the case of continuous sensory input from a moving object,
the task of mental extrapolation is to determine the
object’s future position. The task of visual extrapolation
is to use sensory input to determine the object’s current
position (after compensating for visual conduction
delays). In past studies, Kerzel and colleagues have used
either probe stimuli presented after a retention interval,
or pointing movements, and so in effect asked for the
remembered final position of the moving target. In flash-
lag experiments, or in the task used by Maus and Nijhawan
(2006), participants make an online perceptual judgment
comparing the position of the moving target to a flash or
to a static probe. Although obviously the observer’s
response is given after the visual offset, the judgment is
based on simultaneously visible stimuli. It is likely that
the two experimental methods differentially engage
mental and perceptual extrapolation. In this context, it is
interesting to note that the forward-shift effect of the
fading moving object observed by Maus and Nijhawan
(2006) is 175 msec, which is a much larger shift than the
typical flash-lag effect of 80 msec. It is possible that this
is a cumulative effect of both visual and mental
extrapolation.
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