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A neurological patient (L.M.) suffering a specific loss of vi- 
sual motion perception (Zihl et al., 1983) due to extrastriate 
cortical damage was studied using random dot “limited-life- 
time” stimuli with a direction discrimination task. With a stim- 
ulus like that of Newsome and Pare (1988), the patient ex- 
hibited a severe deficit for motion perception, only being 
able to perform well for very high values of coherence. 

Different versions of the stimulus were employed to sep- 
arate out the effects of limited lifetime versus the effects of 
additive noise as coherence was lowered. When all “signal” 
dots had a fixed, specified value of lifetime, and varying 
percentages of “noise” dots were added, the patient showed 
a profound deficit. In contrast, a stimulus consisting of no 
noise dots at all, and signal dots having fixed values of 
lifetime, revealed relatively good performance for surpris- 
ingly brief dot lifetimes. Thus, it is the presence of noisy, 
incoherent dot motion, rather than brief lifetimes, that causes 
such poor performance on the stimulus of Newsome and 
Pare (1988). Most surprising was the finding that the pres- 
ence of even very small percentages of stationary noise dots 
was sufficient to disrupt totally direction discrimination of 
moving signal dots. 

The findings reported here suggest that one major role of 
extrastriate cortical processing might be the interpretation 
of stimuli that suffer from an impaired signal-to-noise ratio; 
the most commonly encountered form of “noise” would pre- 
sumably be contamination by irrelevant directional spatio- 
temporal frequency components. 

Neuroanatomical research over the past 2 decades has revealed 
a multiplicity of extrastriate visual cortical areas, each contain- 
ing its own retinotopic map of at least part of the visual field 
(Allman and Kaas, 197 1; Zeki, 1974; van Essen, 1985; Maunsell 
and Newsome, 1987). One of the major problems of modem 
visual neuroscience is to ascertain the functions of these areas. 

One approach to this problem is to study the nature of visual 
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perceptual losses in human patients, or animals, who have suf- 
fered selective lesions of some restricted subset of these areas. 
Zihl et al. (1983) described a patient having a bilateral loss in 
the superior temporal region, who complained of anomalous or 
impaired motion perception. They used extensive neuropsy- 
chological tests to document the patient’s poor performance on 
motion-related visual tasks. Most striking was the patient’s nor- 
mal performance on other perceptual tasks not involving mo- 
tion, for example, Snellen and vernier acuity, temporal reso- 
lution, stereopsis, color discrimination, and saccadic localization. 
The location of this patient’s lesion was found to be in the 
general topographic vicinity corresponding to area MT in the 
monkey (Allman and Kaas, 197 1; van Essen, 1985), also referred 
to as area V5 (Zeki, 1974). The pervasiveness of strongly di- 
rection-selective neurons (Dubner and Zeki, 197 1) and the loss 
of performance in psychophysical tasks requiring motion per- 
ception in MT-lesioned monkeys (Newsome and Pare, 1988; 
Siegel and Andersen, 1988), together, suggest an important role 
of this area in motion perception. 

Later studies on this same patient (Hess et al., 1989) used 
forced-choice discrimination psychophysics and sine-wave grat- 
ing stimuli to document further the nature of this patient’s visual 
loss. Contrast sensitivity for simple detection of sine-wave grat- 
ings was shown to exhibit only a very small loss, even for moving 
gratings; however, contrast sensitivity contingent on discrimi- 
nation of direction of motion, for the same stimuli, was severely 
reduced. Grating spatial-frequency discrimination and contrast 
discrimination were somewhat impaired (again, similarly for 
moving and stationary stimuli), but considerably less so than 
temporal frequency or velocity discrimination for the same 
stimuli. These findings largely confirmed the specificity of the 
deficit to motion perception, but demonstrated that the loss was 
for judgment of stimulus motion attributes, rather than a re- 
duced sensitivity to moving stimuli. 

Hess et al. (1989) also tested the patient’s motion perception 
using random dot stimuli. Somewhat surprisingly, they found 
that she could perform well on direction discrimination of 
smoothly drifting random dot patterns, albeit only over a con- 
siderably more restricted range of velocities than in the normal 
observer. Testing with double-flash random dot kinematograms 
revealed a very large deficit, but some residual performance if 
the exposure duration of the flashes was made very long. These 
experiments were somewhat unsatisfactory in that such long- 
duration stimuli might provide the opportunity to make indirect 
inference of motion by scrutiny of dot clusters. On the other 
hand, the poor performance might be due, in part, to 2-flash 
motion stimuli containing substantial amounts of spurious spa- 
tiotemporal frequency components (some in the opposite di- 
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rection of motion; see Fig. 5 of van Santen and Sperling, 1985); 
perhaps her deficit involved a lack of ability to separate out 
these irrelevant signals. Thus, it would be desirable to disam- 
biguate the effects of overall exposure time to the stimulus versus 
“noise” from undesired spatiotemporal frequency components. 

To this end, we desired to use a somewhat different type of 
“2-flash” stimulus that could be of potentially indefinite ex- 
posure duration, yet still allow analytical manipulation of spatial 
displacement and temporal interval. Furthermore, it seemed 
desirable to have a richer measure of performance than, for 
instance, D,,, or D,,,, but rather an indicator of the quality of 
perceived motion for values of displacement intermediate be- 
tween these limits. This would enhance our chances of uncov- 
ering whatever residual motion perception competence that might 
be present. Finally, we wanted a stimulus that could provide 
results with potential for direct comparison with data from an- 
imal experiments. 

For this purpose, we chose to use a random “limited-lifetime” 
stimulus in the general category of those developed by Morgan 
and Ward (1980), Williams and Sekuler (1984), Zucker (1984), 
and Siegel and Andersen (1988). Initially, we used the particular 
implementation developed by J. A. Movshon, which was first 
employed by Newsome and Pare (1988). The latter authors 
demonstrated that a small lesion restricted to primate area MT 
causes a severe deficit in motion perception using this stimulus, 
while not causing a deficit for grating contrast sensitivity. 

Here, we report the results of such experiments on the patient 
(now referred to as L.M.) of Zihl et al. (1983), which reveal a 
deficit strikingly similar to that of Newsome and Pare’s (1988) 
MT-lesioned monkeys. In a further series of experiments, we 
employ various other kinds of stochastic motion stimuli in an 
effort to disambiguate whether the deficit is fundamentally a 
temporal problem (a need for longer “integration time” or “re- 
cruitment” across multiple flashes), as opposed to a signal/noise 
problem; our results are indicative of the latter. 

Materials and Methods 
Stimulus. In the first, simplest version of the stimulus (here referred to 
as “Movshon noise”), we sought to produce a stimulus as close as 
possible to that used by Newsome and Pare (1988) and by Downing 
and Movshon (1989). Later experiments employed a number of vari- 
ations on this theme. All of these stimuli provided motion information 
for direction discrimination judgments and exhibited the advantageous 
features of being balanced in luminance, and spatial and temporal at- 
tributes, such that the only possible basis of the observer’s direction 
discrimination had of necessity to be spatiotemporal correlation (i.e., 
“motion”). 

The Movshon noise stimulus consisted of an on-going series of dots, 
sequentially plotted one every 200 rsec, from a precalculated list. This 
list contained x- and y-coordinates of the number of dots (ndots) that 
could be plotted in one nominal “frame time,” for the full stimulus 
duration of 1000 msec. The locations of the initial ndots were randomly 
chosen; then, for each ensuing “frame,” a given dot would “live” or 
“die” according to a specified probability, the coherence value. A dot 
that lives is then replotted at the specified displacement to the left (or 
right) of its previous location, subject to wraparound at the edges of the 
display; one that dies is replotted at a freshly chosen (uncorrelated) 
random location. Note that a 100% value of the coherence parameter 
yields a smoothly drifting field of randomly positioned dots; 0 coherence 
results in a totally incoherent “snowstorm” devoid of net directional 
information. Also note that the effective interstimulus interval (ISI) 
between successive refreshes of a given dot is equal to the frame time. 

Later versions of the stimulus (“dot noise,” “immortal noise,” etc.) 
differed principally in that the dots were explicitly divided into 2 subsets: 
signal dots and noise dots. In these stimuli, the coherence parameter 
refers to the percentage of total displayed dots that were signal dots. A 
given signal dot was refreshed on the screen every IS1 msec, at successive 

displacement jumps, until the end ofits lifetime, whereupon its trajectory 
died and was “reborn” at a fresh random display coordinate. The noise 
dots were replotted at fresh random coordinates on each frame refresh. 
Different versions of the stimulus (e.g., immortal noise, etc.) differed in 
minor but important ways in the rules governing dot life and death, 
which will be described below. 

Stimuli were generated in the following manner: for each trial, lists 
of x- and y-coordinates of random dots were first calculated and stored 
in microcomputer RAM. Upon initiation of a trial, numbers from these 
lists were very rapidly loaded into the 2 12-bit digital-to-analog con- 
verters of a lab interface card. The resultant voltages were used to drive 
the x and y  deflections of a Tektronix 613 XY display monitor (Pl 
phosphor). Following a suitable interval for beam-deflection settling 
time, the display monitor bright-up control was briefly activated through 
a digital output bit from the lab interface. Using this procedure with 
highly optimized C-language code (compiled with Microsoft C, version 
5.1) running on a 20-MHz 80386-based microcomputer, it was possible 
to display dots at a synchronously controlled rate of 5 kHz; this allowed, 
for example, 225 dots to be displayed in a time of 45 msec, yielding a 
dot density comparable to that in the display described by Newsome 
and Pare (1988). 

The spatial configuration of our stimulus consisted of a square array 
of dots, 10.7” x 8.0” of visual angle, viewed at a distance of 114 cm 
and centrally fixated. 

Each trial was initiated by a button press, resulting in a single lOOO- 
msec stimulus presentation. The observer was then required to indicate 
the perceived (or guessed) direction of motion, left versus right, that 
was registered by the microcomputer. 

Room lighting was reduced relative to normal illumination, in order 
to maximize dot contrast. However, adequate background light was 
used to help minimize problems associated with stray light and with 
phosphor persistence on the CRT. The background luminance on the 
random dot display was 0.1 cd/m2, as measured with a Spectra Spot- 
meter. A luminance of 50 cd/m2 was measured for the random dots, 
with the reading taken on a display consisting of dots in a regular 
tessellation, spaced 1 min arc apart. 

Procedures. The procedures employed were much as in a previous 
paper (Hess et al., 1989). We employed 2-alternative forced choice, with 
a “method of constant stimuli.” 

As previously described (Hess et al., 1989), the patient L.M. was not 
required to press mouse buttons manually, but instead to indicate re- 
sponses verbally or gesturally. Data were collected in very short sessions, 
typically consisting of 4 stimulus conditions with 20 trials per condition, 
presented in a randomly interleaved fashion. Sets of such data were 
accumulated, while providing the patient frequent intervals for rest, to 
help circumvent her complaint of a tendency to fatigue rapidly as a 
result of viewing moving stimuli. 

Observers. Performance of normal observers was obtained from the 
authors or the lab assistant (C.S.). 

Data analysis. Data from successive trial blocks were accumulated 
to obtain psychometric functions of percentage correct versus percentage 
coherence, with 40 or more trials per condition. In some cases, these 
data were parameterized by obtaining a least-squares fit of a cumulative 
function (Weibull, 195 1) to extract a quantitative measure of threshold 
coherence corresponding to 81.6% correct. Such curve fits were per- 
formed on a log-scaled abscissa. 

Results 
Movshon noise 
Because recent magnetic-resonance-imaging (MRI) scan data 
(Zihl et al., 1991) confirmed that L.M.‘s lesion is bilateral, but 
is more pronounced in the right hemisphere, we sought to assess 
the impact of this asymmetry on our psychophysical tests. For 
this purpose, we used the Movshon noise stimulus, with a spatial 
displacement of 4.2 min arc and an IS1 of 45 msec. Unlike all 
the other tests described here, the patient was asked to fixate 
2.3” (4.5 cm at a viewing distance of 114 cm) to either the right 
or the left side of the edge of the display, thus confining the 
stimulus entirely to either the left or right hemifield. Psycho- 
metric functions of percent correct versus percent coherence 
from this experiment are shown in Figure 1 and indicate very 
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Figure 1. Psychometric functions for L.M.‘s direction discrimination 
as function of coherence parameter, tested separately in left and right 
hemifields. Note that performance deteriorates with decreasing coher- 
ence, over a range in which normal observers would exhibit 100% 
correct performance. 

little difference between the hemifields. Consequently, in all 
further tests, we employed central fixation of the stimulus field. 

Given the degree to which many extrastriate cortical neuron 
receptive fields straddle the midline, this test may not defini- 
tively address the question of psychophysical correlation with 
the lesion asymmetry. However, it at least demonstrates that 
there was no (lateral) visual field inhomogeneity in performance 
on this task, over the region in which subsequent tests were 
made. 

What is already quite clear in these data, however, is the 
patient’s very poor performance; for these conditions, an ob- 
server having normal vision would perform at 100% correct for 
all the coherence values tested. We next set about to document 
the dependence of this deficit on the spatial and temporal pa- 
rameters of the stochastic stimulus. For a given set of values of 
spatial displacement and ISI, we measured a psychometric func- 
tion like that shown in Figure 1 and used a Weibull curve fit to 
obtain an estimate of the coherence threshold corresponding to 
8 1.6% correct. 

Figure 2 shows these threshold coherence values as a function 
of spatial displacement, for a fixed IS1 of 45 msec. Broken lines 
illustrate data for 2 normal observers, who produced thresholds 
as low as 2-5% coherence for optimal values of spatial displace- 
ment (2-20 min arc). The patient, however, exhibited highly 
elevated threshold coherence values, of more than 80%. At the 
extreme values of very small or very large displacement, at 
which the normal observers had elevated thresholds, she was 
unable to perform the task at all (even for 100% coherence). 

Similar measurements as a function of ISI, keeping displace- 
ment fixed at 4.2 min arc, are shown in Figure 3. Again, normal 
observers produced coherence thresholds as low as 5% for op- 
timal IS1 values of about 40-80 msec, with elevated thresholds 
for lower or higher values, while the patient’s deficit was again 
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Figure 2. Threshold values of percent coherence, using Movshon noise 
stimulus, as function of given dot’s spatial displacement on successive 
frames. Each plotted point represents the interpolated coherence value 
corresponding to 8 1.6% correct in a measured psychometric function 
like that shown in Figure 1. Normal observers (C’S, CB) exhibited su- 
perior performance (i.e., low thresholds of 2-5%) over a range of dis- 
placements from 2-20 min arc, with decreased performance for either 
higher or lower values. The patient L.M., however, showed significant 
impairment throughout this range, with coherence thresholds above 
80%. In this and all succeeding figures, normal observers’ data are in- 
dicated with open symbols and broken lines, while the patient L.M.‘s 
data are indicated with asterisk symbols and solid lines. 

very great at all ISIS. She was unable to perform the task at all 
for IS1 values higher than about 100 msec. 

These data confirmed our previous finding (Hess et al., 1989) 
that L.M. could reliably discriminate direction of motion for 
drifting random dot patterns (100% coherence). However, the 
introduction of even very small degrees of noncoherence re- 
sulted in a rapid deterioration of performance. This decline in 
performance correlated with a seemingly qualitative shift in the 
perceptual appearance ofthese stimuli, from a smoothly drifting, 
rigid sheet of random dots (at 100% coherence) to a noisy, 
flickering field of dots, each having a very limited lifetime (at, 
e.g., 70% coherence). The question arose as to whether L.M.‘s 
poor performance was due to the introduction of noise or, al- 
ternatively, to the reduction of dot lifetime that is concomitant 
with reduced coherence. The experiments described below were 
designed to disambiguate these possibilities. 

Dot noise 
In these experiments, we used a modified version of the stim- 
ulus, in which dots were divided into 2 subsets: signal dots and 
noise dots. Signal dots each jumped by a specified displacement 
every 45 msec, for a specified number ofjumps (the dot lifetime); 
thereupon, the dot would die and be reborn at a randomly 
determined new location 45 msec later, then embark on a new 
trajectory of the same specified lifetime. In the course of their 
lifetimes, all signal dots moved in the same direction, left or 
right. Noise dots, however, jumped to new random locations 
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Figure 3. Same as Figure 2, but as function of IS1 between successive 
reappearances of given dot, while keeping spatial displacement fixed at 
4.3 min arc. Again, the patient was unable to achieve good performance 
at any value of IS1 over the range (40-100 msec) in which normal 
observers were able to obtain thresholds as low as 5%. 

every45 msec; thus, they behaved like signal dots ofonly l-point 
lifetime. 

Figure 4A shows psychometric functions of direction discritn- 
ination performance as functions of stimulus coherence (per- 
centage of signal dots) for a dot lifetime of 2 refreshes and a 
displacement of 19.4 min arc. Broken lines indicate data from 
3 normal observers, who were generally able to discriminate 
reliably down to about 5% coherence. The performance of L.M., 
however, declined precipitously as even very small amounts of 
noise were added. 

In an effort to obtain better performance from the patient, 

the displacement value was decreased to 4.3 min arc, which is 
closer to her optimum (Fig. 2). Data from this measurement are 
shown in Figure 4, B and C, for dot lifetimes of 2 and 4 refreshes, 
respectively. The longer lifetime did yield somewhat better per- 
formance, both in the patient and in a normal observer, but in 
all these cases, L.M. still exhibited a profound deficit. 

Over the range of coherence values in which L.M.‘s perfnr- 
mance declined, these stimuli gave an appearance (to normal 
observers) of 2 superimposed sets of signal and noise dots, which 
were effortlessly segregated into 2 transparent surfaces; the only 
salient change with decreasing coherence was a decline in signal 
dot density. We wondered whether the main effect here might 
be due to signal dot density rather than to the addition of noise, 
and therefore, we performed the folIowing experiment. 

Invisible noise 
The above experiment was repeated, but with the noise dots 
plotted off the visible part of the display screen. Thus, a decrease 
of percent coherence had no effect other than to decrease the 
density, or number, of signal dots. The results, shown in Figure 
5, reveal dramatically better performance of the patient, down 
to very small percent coherences (i,e., densities). Thus, while 
L.M. does exhibit a deficit of performance for very low signal 
dot densities, this does not account for the sharp reduction of 
performance shown in the previous experiment. 

Lifetimes 

We next explored the effect of signal dot lifetime, keeping lOOoh 
coherence (i.e., no noise dots at all). To increase our temporal 
resolution in these measurements, the IS1 was reduced to 10 
msec. Psychometric functions were obtained of percent correct 
against dot lifetime and are shown in Figure 6, A and B, for 2 
values of displacement. (The ratios of displacement to ISI cor- 
respond approximately to the 2 velocities of Fig. 4.) In general, 
the direction discrimination ability of both the patient and nor- 
mal observers declined with decreasing dot lifetime. As in pre- 
vious tests, L.M. exhibited poorer performance than the normal 
observers; however, the difference was considerably less marked, 
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Figure 4. Psychometric functions of percentage correct direction discrimination, as functions of percentage coherence, using dot noise stimulus. 
A, Normal observers’ performance declined gradually with decreasing coherence, with relatively good performance for coherence values as low as 
IO%. The patient’s performance, however, dropped precipitously with coherence, indicating an acute vulnerability to added noise dots. B and C, 
Same as A, but for a smaller spatial displacement and longer dot lifetime. 
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Figure 5. Psychometric function as in Figure 4, but using invisible 
noise stimulus. Because noise dots are not visible, decreasing values of 
coherence merely correspond to lower densities of signal dots. Note 
that, now, in the absence of noise, the patient’s performance was greatly 
improved down to much lower coherence values. This indicates that 
the dramatic deficit revealed in the data of Figure 4 was due to the effect 
of added noise and not to the concomitant decline in signal dot density. 

particularly in the case of the higher velocity (Fig. 6A). Also, 
unlike in other tests, we encountered some degree of dispersion 
of performance among the normal observers. 

Thus, while the patient does show a deficit in terms of min- 
imum required dot lifetime, this deficit is not in the quantitative 

A 

dot lifetime (msec) 

range to account for the basic result of poor performance in the 
Movshon noise experiment (Figs. l-3). For example, note in 
Figure 2 that, at 17.1 min arc displacement, the patient has a 
very impaired coherence threshold (above 90%); at this IS1 (45 
msec), most of the dot lifetimes will be well above 90 msec, in 
the range where the patient exhibits near errorless performance 
in the absence of noise (Fig. 6A). 

Consequently, the Movshon noise result seems more likely 
to reflect primarily a deficiency in handling signal degradation 
by noise, rather than a problem with perception of short life- 
times. 

Immortal noise 

The above series of experiments, taken together, suggested that 
the patient’s principal difficulty in perception of this class of 
stimuli resulted from the detrimental effects of additive noise. 
Because of the seemingly effortless perceptual segregation (in 
normal observers) of the dot noise stimuli into transparent planes 
of coherent signal dots and incoherent noise dots (over the range 
of coherence values that revealed a deficit), we wondered what 
other kinds of noise might act similarly. The noise dots of the 
dot noise experiment were of minimal possible lifetime (only 1 
refresh), so we tested the other logical extreme: noise dots of 
indefinitely prolonged lifetime that were stationary. Again, it 
was the case that signal and noise dots were perceived (by normal 
observers) to be effortlessly segregated into transparent planes, 
in this case, one stationary and one moving. This task was so 
easy for normal observers that hardly any errors could be ob- 
tained. I 

’ Note that a low coherence value for this stimulus results in a very small 
expected number of signal dots, whose motion is nevertheless easily perceived; 
some errors resulted from the actually plotted number of signal dots being 0, on 
some trials. 

’ RH 

i 
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Figure 6. Effect of dot lifetime. Psychometric functions like those of Figure 4 are shown, in which the coherence was fixed at 100%. Note the 
general decline in performance with decreasing dot lifetime, in both normal observers and, somewhat more rapidly, in the patient. A and B are for 
differing values of spatial displacement. Note that direction discrimination in the patient, compared to normal observers, is much more tolerant 
of reduced dot lifetime than of reduced signal-to-noise ratio (Fig. 4). 
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Figure 7. Effect of noise dots that do not move (immortal noise). Psychometric functions are shown for performance in an experiment like that 
of Figure 4, except that the noise dots are stationary. Normal observers were able to effortlessly segregate moving signal dots from stationary noise 
dots and discriminate direction almost flawlessly. The patient’s performance, however, was devastated by even very small percentages of such 
stationary dots. A-C demonstrate that the phenomenon was robust for differing stimulus parameter values. 

However, L.M. exhibited an extraordinary deficit of perfor- 
mance on this task, which was robust for different dot lifetimes 
and displacements (Fig. 7A-C). Note that her performance had 
dramatically declined when only 5-10% of the dots were noise 
dots. 

Discussion 
Our measurements on the patient L.M. using the Movshon noise 
stimulus indicate a profound deficit of direction discrimination, 
which is quantitatively similar to that reported for acutely MT- 
lesioned monkeys by Newsome and Pare (1988). This compar- 
ison is illustrated in Figure 8, which shows our data (from Fig. 
2) and Newsome and Pare’s data (their Fig. 9) for their complete 
unilateral MT-lesioned monkey (at 1 d postlesion). One of the 
major differences between this patient and the MT-lesioned 
monkeys of Newsome and Pare (1988) is in the degree of re- 
covery. The monkeys showed substantial recovery of motion 
detection within a matter of days, possibly due in some way to 
the rather small size of the unilateral excitotoxic acid lesions. 
L.M., however, suffered loss of a much larger, bilateral region 
of cortex (Zihl et al., 199 l), where such recovery evidently does 
not occur. 

The patient was essentially only able to perform the Movshon 
noise task for near-unity values of coherence, that is, smoothly 
drifting random dot patterns. Further experiments with other 
types of stochastic stimuli (dot noise, lifetimes) were used to 
separately assess the contributions of noise, as opposed to lim- 
ited dot lifetime, in causing this deficit; our results indicate a 
much greater contribution to the deficit from difficulty in dis- 
crimination of signal in the presence of noise. 

The patient’s good performance at relatively short lifetimes 
(Fig. 6) makes it seem unlikely that her residual ability could 
be mediated by attentive tracking of particular dots or dot clus- 
ters. These data also indicate that any possible specific deficit 
of spatiotemporal “recruitment” (Nakayama and Silverman, 
1984; Snowden and Braddick, 1989, 1990) if present, is not in 
itself sufficient to account for the severity of loss in the Movshon 
noise task. 

Because our lifetimes experiment was performed with a lo- 
msec temporal resolution, it remains logically conceivable that 
L.M.‘s deficit on the Movshon noise task might be due to an 
elevated minimal dot lifetime, expressed in number of views 
rather than in milliseconds (as we assumed). However, the pre- 
cipitous rate at which her performance declined with coherence 
made this possibility seem a priori unlikely: at, for example, 
80% coherence (below the patient’s threshold), a substantial 
fraction of the dots still enjoy a rather long lifetime. While we 
did not perform a separate experiment to explicitly address this 
question, it seems unlikely in view of the patient’s quite good 
performance on certain key conditions in other experiments. 
For example, consider the 100% coherence condition in the dot 
noise experiment (Fig. 4B); a 90-msec lifetime corresponds to 
only 3 views, yet the patient achieves more than 80% correct. 
In the comparable lifetime experiment (Fig. 6A), 3 views cor- 
responds to a lifetime of 20 msec, at which the patient is at 
essentially chance performance. If the patient’s fundamental 
deficit were an inability to process motion signals with very few 
views, her performance on the dot noise task at 100% coherence 
should have been equally poor. 

Mikami et al. (1986) found that MT neurons respond to higher 
velocities and larger spatial displacements in apparent motion 
than striate cortex neurons. Thus, if L.M.‘s lesion did involve 
area MT, one might have expected her to have greater loss of 
motion perception for larger values of spatial displacement, and 
possibly also at lower values of ISI; but, in fact, the data of 
Figures 2 and 3 show that L.M.‘s best residual performance was 
at about the same spatial and temporal displacements as in the 
normal (2-20 min arc and 1 O-l 00 msec, respectively). It might 
be noted that this best set of parameters corresponds to a some- 
what lower optimal velocity than that seen by Newsome and 
Pare (1988) in the monkey, or by Downing and Movshon (1989) 
in the normal human, probably because their stimuli were con- 
fined parafoveally rather than being centrally presented. The 
absolute threshold coherence values were also slightly higher in 
Downing and Movshon’s (1989) data than in our normal data; 
this difference was probably due to the level of stimulus uncer- 
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Figure 8. Comparison of patient’s performance with that of MT-lesioned monkey. A, Threshold coherence values for the Movshon noise stimulus 
as a function of spatial displacement, replotted from published data (Newsome and Pare, 1988, their Fig. 9), for acutely MT-lesioned monkey; the 
broken line and open symbols indicate prelesion performance, while the solid line and solid symbols are for 1 d postlesion. B, Same as A, but for 
patient L.M. (replotted from Fig. 2). Note the similarity in overall form of the data, except for a quantitative shift of best performance to larger 
values of displacement in A; this difference may be due to the greater retinal eccentricity of stimulus placement used by Newsome and Pare (1988). 

tainty in their task (their observers were required to identify crimination of stochastic dot stimuli (Harvitt et al., 1989) of 
correctly the location as well as the direction of motion). the type described by Williams and Sekuler (1984). 

This range of best spatial and temporal values corresponds to 
those of the “short-range process” of apparent motion (Brad- 
dick, 1974; Baker and Braddick, 1985a,b). Thus, the deficit 
involves the short-range mechanism (though these data do not 
rule out a deficit in the long-range process, also). On the other 
hand, by the same reasoning, the patient’s residual direction 
discrimination performance at very high coherence values may 
be interpreted as a remaining degree of short-range competence. 

Recently, other instances of selective loss of certain aspects 
of motion perception in brain-damaged patients have been re- 
ported (Vaina, 1989; Vaina et al., 1989a,b). At present, it is 
difficult to assess the comparability of these patients’ lesions 
with that of the patient L.M. described here. However, it is 
noteworthy that these individuals suffered loss of extrastriate 
cortical areas in at least roughly similar regions, and also ex- 
hibited selective loss of certain types of motion perception. Re- 
cent studies (L.M. Vaina, personal communication) of such in- 
dividuals using stochastic stimuli of the type used by Newsome 
and Pare (1988) also demonstrated profound deficits. 

Limited-lifetime random stimuli such as those used here hold 
great promise as an important tool for psychophysical explo- 
ration of both clinical and normal vision, as well as for single 
unit neurophysiology. One of their advantages is the possibility 
of many different ways to design stochastic stimuli to address 
differing questions, for example, the separation of noise versus 
lifetime factors in the experiments reported here. In addition, 
there is some evidence that these stimuli may provide a means 
of assessing psychophysical performance that is limited by neu- 
rons in extrastriate visual cortical areas, possibly area MT and/ 
or associated areas of the parietal “motion” pathway: Downing 
and Movshon (1989) demonstrated spatial summation effects 
and eccentricity dependence quantitatively consistent with 
known characteristics of these extrastriate areas. 

A rather different kind of motion blindness is seen in animals 
that have been reared in a stroboscopically illuminated envi- 
ronment; the visual cortex of such animals is lacking in direc- 
tionally selective neurons (Cynader and Chemenko, 1976). These 
animals also show psychophysical deficits of motion perception, 
comparable to those of the patient described here: poor contrast 
sensitivity for discrimination of drift direction of sine-wave grat- 
ings (Pastemak et al., 1985) and large deficits for direction dis- 

The most surprising of these results is the severe impairment 
of motion perception in the presence of noise dots that are not 
even moving (the immortal noise experiment). The noise dots 
here might be thought of as effectively reducing the relative 
contrast of the signal dots; however, the patient’s nearly normal 
contrast sensitivity (Hess et al., 1989) makes an explanation in 
these terms seem unlikely. In view of the considerably smaller 
degree of impairment found in the lifetimes experiment, the 
immortal noise result indicates that the patient’s deficit cannot 
be simply characterized in terms of expected number of dot 
signal pairs, as described by Downing and Movshon (1989) for 
normal motion perception. 

Another curious result is the patient’s deficit at very low signal 



The Journal of Neuroscience, February 1991, 77(2) 461 

dot densities, even in the absence of noise (the invisible noise 
experiment; Fig. 5). This result is reminiscent of our previous 
demonstration of a severe deficit for direction discrimination 
of sine-wave gratings at low contrast (Hess et al., 1989, their 
Fig. 12). Both cases involve no experimentally introduced noise 
but, in differing ways, involve a reduced signal. Taken together 
with the vulnerability to noise shown here, these results suggest 
that the patient’s loss might, in general, be better thought of in 
terms of an impairment in processing stimuli with a low signal- 
to-noise ratio. An intriguing idea is that such a loss might arise 
simply from a reduction in number of neurons that carry di- 
rectional information, rather than from an all-or-none loss of a 
discrete brain area or brain function. 

In summary, the findings reported here suggest that one major 
role of extrastriate cortical processing might be the interpreta- 
tion of stimuli that suffer from an impoverished signal-to-noise 
ratio; the most commonly encountered form of noise would 
presumably be contamination by irrelevant directional spatio- 
temporal frequency components. 
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