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Introduction
Successful behavior in a visual environ-
ment requires knowing both what is being
observed and where it is. To predict the
future location of a moving object, the
speed of the object must first be calcu-
lated. The middle temporal visual cortical
area of the macaque (MT) is involved in
visual motion processing, and speed-
selective neurons have been found there
(Priebe et al., 2003). The primary visual
cortex (V1) contributes to the direction-
selective responses of MT neurons (Movs-
hon and Newsome, 1996), but does it also
contribute to the speed tuning of neurons
in MT?

Priebe et al. (2006) have investigated
how and where in the visual system speed
selectivity first arises (Fig. 1). Their recent
article in The Journal of Neuroscience re-
ports that a sizeable minority of complex
cells in V1 possess robust speed selectivity,
and the distribution of preferred speeds in
these cells closely resembles that of neu-
rons in MT. In contrast, V1 simple cells
generally did not possess speed tuning
that was independent of spatial frequency.

In arriving at these results, the authors
used drifting sine wave gratings, a com-
monly used visual stimulus, to probe the
speed selectivity of individual macaque
V1 neurons. The structure of a drifting
sine wave grating can be described using

only a few variables: contrast, spatial fre-
quency, orientation, and temporal fre-
quency. The drift speed is equivalent to
the ratio of its temporal and spatial fre-
quency, and a truly speed-tuned neuron
will discharge vigorously to a particular
drift speed regardless of the spatial or tem-
poral frequencies used. If a neuron re-
mains tuned to a particular temporal fre-
quency regardless of the spatial frequency
of the stimulus, it is described as being
“separable” for spatiotemporal frequency.
Such neurons are not speed selective.

When plotted in spatiotemporal fre-
quency space, the response profiles of
speed selective and separable neurons dif-
fer. Separable neurons have high re-
sponses to only one combination of spa-
tial frequency and temporal frequency.
Speed-selective neurons, however, will
have high responses at more than one
combination of spatial and temporal fre-
quencies, and the response profile will be
tilted along isospeed axes [Priebe et al.
(2006), their Fig. 2 (http://www.jneurosci.
org/cgi/content/full/26/11/2941/F2)].

Using a high-contrast stimulus and
meticulous quantitative analysis, Priebe et
al. (2006) found that approximately one-
quarter of direction-selective complex
cells in V1 were tuned for a particular
speed. The population distribution of
speed-selective V1 complex cells was very
similar to that of neurons in MT, in which
approximately one-quarter are robustly
speed tuned (Priebe et al., 2003). Simple
cells, however, displayed essentially sepa-
rable responses and as a population were
not robustly speed selective [Priebe et al.

(2006), their Fig. 3 (http://www.jneurosci.
org/cgi/content/full/26/11/2941/F3)].

The speed tuning of V1 complex cells,
but not simple cells, depended on the con-
trast of the sine wave grating [Priebe et al.
(2006), their Fig. 3 (http://www.jneurosci.
org/cgi/content/full/26/11/2941/F3)].
Decreasing the contrast to 8% diminished
speed selectivity and increased separabil-
ity in most complex cells, again resem-
bling the responses of MT cells (Priebe et
al., 2003). Contrast gain was highest for
spatial frequencies drifting at the same
speed as that preferred in the low-contrast
condition [Priebe et al. (2006), their Fig. 4
(http://www.jneurosci.org/cgi/content/
full/26/11/2941/F4)]. This finding sug-
gests a possible mechanism for generating
robust speed tuning at higher contrasts,
and an avenue for future research.

The similarities in spatiotemporal re-
sponse profiles of speed-tuned V1 and
MT neurons support the hypothesis that
speed tuning is generated first in V1 com-
plex cells and is later inherited by MT cells
through feedforward connections such as
those described previously (Movshon and
Newsome, 1996). Is there any additional
evidence supporting the involvement of
V1 in a speed-processing hierarchy?

To investigate this possibility, Priebe et
al. (2006) presented more intricate stimuli
composed of multiple overlapping sine
wave gratings or drifting random dots.
These two stimuli possess multiple spatial
frequencies and are thus more similar to
patterns encountered in natural environ-
ments. Moreover, the stimuli had been
used previously to characterize MT neu-
rons (Priebe et al., 2003) and thus were
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well suited to examine differences in mo-
tion processing between MT and V1.

Priebe et al. (2003) found that the pre-
ferred speed of MT neurons to grating
stimuli consisting of multiple low spatial
frequencies was poorly predicted by a lin-
ear sum of responses to individual grat-
ings. V1 responses, however, were well
predicted by a linear sum of the responses
to single gratings [Priebe et al. (2006),
their Fig. 6 (http://www.jneurosci.org/
cgi/content/full/26/11/2941/F6)]. In ad-
dition, MT neurons show increased speed
selectivity to random dot stimuli (Priebe
et al., 2003), but the speed tuning of V1
neurons remained constant [Priebe et al.
(2006), their Fig. 7 (http://www.jneurosci.
org/cgi/content/full/26/11/2941/F7)].
The authors suggest that the different re-
sponse properties between V1 and MT
may represent different stages of a mo-
tion-processing hierarchy progressing
from the retina through V1 and into MT.

Overall, the results of Priebe et al.
(2006) represent an important step in our
understanding of how and where motion
processing is accomplished in the visual
system. Although the authors dealt more
with documenting the emergence of speed
selectivity than with the mechanisms
through which it arises, they did nonethe-
less propose a role for contrast gain in re-
ducing separability in V1 complex cells.
This intriguing proposal certainly war-
rants additional experimental and theo-
retical elucidation.

Along these lines, the direction selec-
tivities of some neurons in cat area 17 have
been reported to vary with temporal fre-
quency (Saul and Humphrey, 1992) and

contrast (Peterson et al., 2006). It remains
to be determined whether speed-tuned
macaque V1 neurons display these incon-
sistencies. If they do, this could have im-
portant implications for theories of speed
tuning in visual cortex

Perhaps the most salient message that
Priebe et al. (2006) deliver is that V1 is an
integral part of a speed-processing hierar-
chy that includes MT. Although this may
indeed prove to be true, one must also
consider other sources of input to MT.
MT receives feedforward input from a va-
riety of structures, including the pulvinar,
V2, V3, and the LGN (Sincich et al., 2004).
Indeed, V1 input to MT appears to be
quite limited, albeit highly stereotyped
(Movshon and Newsome, 1996). More-
over, MT and V1 are targets of feedback
connections from a variety of brain struc-
tures. Thus it remains possible that V1
and MT neurons arrive at their respective

speed selectivities through similar but in-
dependent circuits.
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Figure 1. Schematic diagram illustrating the presentation of various spatiotemporal frequencies to the receptive field of a V1
neuron. The portion of the surface of a moving object presented to a stationary receptive field (solid red ring) will occupy positions
sliding along the axis of motion of the object (red arrow). In this example, a neuron tuned to specific spatial and temporal
frequencies will be unable to encode the zebra’s speed because these properties change as the zebra moves across the receptive
field. In contrast, a speed-selective neuron would be mostly unaffected by the changing spatial and temporal frequencies and
would have its discharge rate entrained by the zebra’s speed. Priebe et al. (2006) provide evidence for the existence of speed-
selective neurons among the complex cells in primary visual cortex but not among simple cells.
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