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ORIGINAL ARTICLE

Motion Perception in Schizophrenia

Yue Chen, PhD; German P. Palafox, PhD; Ken Nakayama, PhD;
Deborah L. Levy, PhD; Steven Matthysse, PhD; Philip S. Holzman, PhD

Background: Eye-tracking dysfunction has been found
in many patients with schizophrenia and in about 40%
of their first-degree biological relatives. We hypoth-
esized that a deficit in motion processing is associated
with eye-tracking dysfunction because both motion sig-
nals and the brain regions responsible for processing
motion signals are implicated in the generation of
smooth pursuit. We examined several aspects of visual
perception, including motion perception, in patients
with schizophrenia.

Methods: To evaluate motion perception, contrast sen-
sitivity for velocity discrimination was measured in pa-
tients with schizophrenia (n=15) and normal control sub-
jects (n=18). Contrast sensitivities for orientation

discrimination and contrast detection were measured as
control tasks.

Results: Patients with schizophrenia showed signifi-
cantly lower contrast sensitivity (ie, higher thresholds) than
normal controls for the discrimination of small velocity dif-
ferences (eg, 11 vs 9 degrees/s). This reduction in contrast
sensitivity was severe (up to 10-fold) in about 40% of the
patients. No group differences were found on the other tasks.

Conclusion: The discrimination of small velocity dif-
ferences is impaired in a subgroup of patients with
schizophrenia.

Arch Gen Psychiatry. 1999;56:149-154

From the Department ¢
Psychology, Harvar
University, Cambyidge, Mass
(Drs Chen, Palafox,
Nakayama, and Holzman); the
Department of Psychiatry,
Harvard Medical School,
Boston, Mass (Drs Chen, Levy,
Matthysse, and Holzman); and
McLean Hospital, Belmont,
Mass (Drs Chen, Levy,
Matthysse, and Holzman).

E REPORT a study of

visual motion per-

ception in patients

with schizophre-

nia. Following the
finding that smooth-pursuit eye move-
ments (SPEM) are abnormal in many pa-
tients with schizophrenia and in about 40%
of their first-degree relatives,"? the pre-
sent study represents a functional probe
into the nature of these abnormalities. Spe-
cifically, we examined whether patients
with schizophrenia have a diminished ca-
pability for discriminating the velocity sig-
nals of moving targets.

See also page 155

Of the more than 20 distinct areas in
the extrastriatal cortex of macaque and owl
monkeys that have been identified, the
middle temporal (MT) and the medial su-
perior temporal areas play important roles
in the processing of motion information
and in the control of SPEM.3>* Extensive
physiological studies indicate that the MT
area, lying at the junction of the tempo-
ral, occipital, and parietal lobes, is acti-
vated mainly by visual motion signals and
is therefore considered the visual motion
center of the brain.> Cells in this area re-
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spond selectively to the direction of mo-
tion, to the velocity of a moving target, and
to apparent motion.®® Both the MT and the
medial superior temporal areas contain
cells that respond vigorously during the
execution of SPEM. Furthermore, lesion
studies show that the neural systems that
process visual motion information are also
directly involved in the control of SPEM.**2

A pilot study has been done of be-
havioral responses to motion signals in pa-
tients with schizophrenia.'>'* In that study,
the dependent variable was contrast sen-
sitivity. One way to assess motion percep-
tion is to examine how much contrast is
needed to perform a specific motion dis-
crimination task. From physiological, psy-
chophysical, and computational stud-
ies,'' we know that contrast processing
is a precursor of motion perception and
other visual perceptual acts. When the
mechanisms for analyzing motion sig-
nals are impaired, perceiving motion re-
quires greater stimulus contrast.'>'® Con-
sequently, the measurement of contrast
sensitivity provides a metric assessment of
the functional integrity of motion process-
ing. Because cognitive or other unfore-
seen sensory dysfunctions might also in-
fluence performance on motion tasks, we
designed a set of control tasks (contrast




PATIENTS AND METHODS

The patients (n=15), a random selection of patients with
schizophrenia discharged during the past year from McLean
Hospital, Belmont, Mass, met DSM-III-R criteria®® for schizo-
phrenia or schizoaffective disorder. Diagnoses were as-
signed by experienced clinicians based on a review of a stan-
dardized interview (Structured Clinical Interview for the DSM-
II-R) conducted by trained interviewers and a review of all
hospital records. Patients had been ill for an average of 15.8
years (0 =7.6 years), and their average Brief Psychiatric Rat-
ing Scale score was 39.5 (o =7.2), indicating moderate se-
verity of psychotic symptoms even though all were outpa-
tients. Twelve of them were receiving antipsychotic medication
(mean chlorpromazine hydrochloride dose equivalent, 328.2
mg [0 =198.6 mg]). Two patients were receiving an antide-
pressant medication only, and 1 patient was receiving no psy-
chotropic medication. Two patients were receiving lithium
carbonate in addition to an antipsychotic drug. The normal
control subjects (n=18), who were selected from a medical
outpatient clinic, were matched to the patients for age, so-
cioeconomic status, and education; none had ever had an Axis
I psychotic condition. The median social class? for both groups
was I11. The proportion of men to women in the 2 groups
differed. All participants were equally inexperienced in mak-
ing psychophysical judgments. Written informed consent was
obtained from all participants.

The targets were vertical gratings (90°), sinusoidal grat-
ings with a spatial frequency of 0.5 cycles per degree, except
in the orientation discrimination task, where orientation var-
ied between 80° and 100° (Figure 1). The spatial lumi-
nance distribution of the gratings was a sinusoidal wave-
form. For all motion tasks, temporal frequency ranged
from 2.5 to 7.5 Hz (temporal frequency=spatial fre-
quency Xvelocity). Under certain conditions, the contrast sen-
sitivity can be affected by temporal frequency such that per-
ceived contrast differences could be possible cues for
discriminating velocity. This effect, however, is minimal when
the motion stimulus is generated within a spatiotemporal win-
dow that has low spatial frequency (eg, 0.5 cycles per de-
gree) and an intermediate temporal frequency, as was used
in this study.” Within this range, contrast sensitivity changes
little with temporal frequency. At higher temporal frequen-
cies, however, contrast could become a cue for the presence
of motion. Therefore, contrast sensitivity can be used as a mea-
sure of velocity discrimination only for comparing moving
targets whose contrast sensitivities are similar, especially at
near detection threshold levels.

The stimuli (Figure 1) were presented on a computer
monitor (Macintosh, Apple Computer, Inc, Cupertino, Calif)
adapted with a luminance attenuator,” which allowed fine
gradations in contrast. The gratings were shown through
a circular window subtending 19° of visual angle with a space
average luminance of 45 cd/m”. The duration of each stimu-
lus was 300 milliseconds, and the interval between 2 com-
parison stimuli was 500 milliseconds.

We compared the contrast sensitivity of patients with
schizophrenia with that of normal participants on the 3

visual tasks (Figure 1); we used a 2-alternatives, forced-choice
method of determining contrast thresholds for all tasks.*

* Velocity discrimination (“Which of 2 gratings is
moving faster?”). We used 2 comparisons, 1 an easy one,
and the other a more difficult one, around a base velocity
of 10 degrees/s (5 Hz). The easy comparison (15 vs 5 de-
grees/s) involved a difference of 100% ([15-5]+10)=
1X100%; and the more difficult comparison (11 vs 9 de-
grees/s) involved a difference of 20% ([11-9]-
10 =0.2X100%). Normal observers easily distinguish both
of these velocity differences.”

* Contrast detection (“Which stimulus contains the
grating?”). A stationary condition (0 degrees/s) and a mov-
ing condition (10 degrees/s) were chosen. In the moving
condition, the velocity was identical to that for the veloc-
ity and the orientation discrimination tasks.

* Orientation discrimination (“Which of the 2 grat-
ings is tilted to the right?”). The orientation pairs for com-
parison were 80° vs 100° (an easy comparison) and 88° vs
92° (a more difficult comparison).

Two control conditions are embedded in these pro-
cedures. First, all of the tasks, which are 2-alternatives,
forced-choice tasks, have identical nonsensory demands in
that an accurate response requires attending to 2 events sepa-
rated by a short interval (0.5 seconds) and remembering
the first event to compare it with the second. Such a task
design imposes comparable attentional demands and
memory requirements. Thus, contrast detection and ori-
entation discrimination provide a baseline for sensitivity
changes in velocity discrimination with similar levels of task
difficulty. Second, orientation discrimination thresholds also
provide an index of performance on a visual perception task
unrelated to the processing of motion signals.

We set the initial contrast at-1.5%, an adequate level
for performing these tasks, and used the psychophysical
“staircase” method for determining contrast thresholds. In
this method, the contrast was reduced by 30% after 3 con-
secutive correct responses or increased by 30% whenever
a single error occurred. This standard 3-down, 1-up pro-
cedure identifies the 79.4% correct threshold point on a
psychometric function.? The staircase stopped after 12 re-
versals. The staircase design ensures that all subjects, pa-
tients and volunteers alike, perform at 79.4% accuracy. View-
ing was binocular.

A repeated-measures analysis of variance, adjusted for
baseline contrasts sensitivity, was used to test (1) the mag-
nitude of the difference in minimal contrast needed to dis-
criminate stimulus velocities, (2) group differences (schizo-
phrenic patients vs normal controls) on this variable, and
(3) the interaction between 1 and 2. The reciprocal of the
contrast threshold in each condition was taken as the de-
pendent variable, following standard practice in psycho-
physics. The effect of the magnitude of the difference in
velocities was also tested separately for each subject group
by a Wilcoxon signed rank test, and the effect of group mem-
bership was tested for each task difficulty by a Student ¢
test. Contrast thresholds for stimulus detection and orien-
tation discrimination were similarly tested by analysis of
variance.

detection, orientation discrimination, and direction dis-
crimination) that tap different visual functions yet also
require similar mental (especially attentional) de-
mands.” The procedures used in the pilot study are al-

most identical to those described in the “Patients and

Methods” section of this article.

The most severe impairment of performance in pa-
tients with schizophrenia occurred when they were re-
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Figure 1. A schematic representation of the stimuli used for velocity
discrimination, contrast detection, and orientation discrimination.

quired to detect small velocity differences between mov-
ing stimuli. As the velocities of 2 moving gratings became
increasingly similar, schizophrenic patients showed much
lower contrast sensitivity than control subjects to detect
the velocity differences. This preliminary study sug-
gested possible motion discrimination impairments in pa-
tients with schizophrenia. This view is supported by an-
other study' that showed impaired motion perception
in patients with schizophrenia; this study used a differ-
ent method of measuring motion sensitivity: coherence
of random dots.

—

The Table presents the contrast sensitivity means (and SEs)
for both subject groups on all tasks. As is the convention
in psychophysics, the values in the Table represent the re-
ciprocal of the contrast thresholds in each condition (eg,
484 denotes a threshold of 0.21% contrast for the schizo-
phrenic group). Larger reciprocals thus represent greater
contrast sensitivity (ie, lower thresholds).

As expected, there was asignificant reduction in con-
trast sensitivity when discriminating small velocity dif-

Means (SEs) of Contrast Sensitivity*
for Schizophrenic Patients and Normal Controls
o
Normal  Schizephrenic
Contrals Patients
Task (n=18) (n = 15) P
Contrast detection, 10 degrees/s . 502 (48) 484.(47) 85
Velaceity discrimination, 430 (45) 417 (45) 87
15.degrees/s vs
5 degrees/s difference
Velogity discrimination, 173 (25) 71010 <002t
11 degrees/s vs
9 degrees/s difference
- Contrast detection, O degress/s 291 (36) 219 (21) 14
difference -
Orientation discrimination, 200 (17) 189 (23) 72
20° difference :
Orientation discrimination, 183 (35) 138 (14) .30
4° difference

*Contrast sensitivity was presented as the reciprocals of contrast
threshold.
tEffect size = 1.34.

ferences compared with discriminating large velocity dif-
ferences (F| 5=11.20; P<.003). The Wilcoxon signed rank
test showed that both groups showed lower sensitivity
when judging the more difficult pair of stimuli (schizo-
phrenic patients, Wilcoxon T test=60, P<<.001; normal
controls, T=65, P<..001). Patients with schizophrenia had
significantly lower sensitivity (ie, higher thresholds) than
did normal controls on the more difficult velocity dis-
crimination (Table). Thus, the difference in velocity sen-
sitivity between patients with schizophrenia and nor-
mal controls is greatly amplified when the velocity
discrimination becomes more difficult (repeated-
measures analysis of variance, adjusted for baseline con-
trast sensitivity at 10 degrees/s, yielded a significant in-
teraction between subject groups and velocity condition
[F,2=7.17, P=.01]). This effect was confirmed by a test
of simple effects that showed no significant differences
between the groups for the easy comparison, but was sta-
tistically significant for the difficult comparison (Stu-
dent t test=3.70; P<<.002). The effect size is large: 1.34.
For the other tasks—contrast detection at 2 velocities (0
and 10 degrees/s) and orientation discrimination at 2 lev-
els of difficulty—there were no significant differences be-
tween the 2 groups. The removal of outliers by a Moses
test did not change the pattern of results.

We plotted the results of individual subjects in each
group. The contrast sensitivities for contrast detection
are almost identically distributed in both groups
(Figure 2, left panel). These values are similar to those
obtained under comparable experimental conditions in
other studies.”

For the normal controls, mean contrast sensitivity de-
creases moderately as the velocity discrimination be-
comes more difficult to discriminate (eg, from 15 vs 5 de-
grees/s to 11 vs 9 degrees/s), as expected'® (Figure 2, right
panel). Among the patients with schizophrenia, however,
although there is also a decrease in contrast sensitivity, there
is marked heterogeneity of performance. At the large ve-
locity difference (15 vs 5 degrees/s), most patients cluster
at the same level as do the normal controls. At the smaller
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Figure 2. Contrast sensitivity for contrast detection (left panel) and for
velocity discrimination (right panel). The groups differed significantly only on
velocity discriminations of 11 vs 9 degrees/s.
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Figure 3. Contrast sensitivity for detection (left panel) and for orientation
discrimination (right panel). Patients and normal controls performed similarly.

velocity differences (11 vs 9 degrees/s), the schizophrenic
patients as a group show a significantly greater decline
in contrast sensitivity than do the normal subjects,
some patients as much as 10-fold greater. It is striking,
moreover, that all patients, even those with the most
precipitous declines in contrast sensitivity for the diffi-
cult motion discrimination targets, showed normal
contrast detection thresholds. We tested this assertion
by computing the ratio of velocity discrimination to
contrast detection for each subject. This procedure
normalizes the velocity discrimination values with
respect to each subject’s contrast detection threshold.
When the contrast detection level of each subject is
thus taken into account, the pattern of results shown
in the Table and in Figure 2, right panel, is essentially
unchanged.

Contrast sensitivity for detection and orientation dis-
crimination for both groups are similar (Figure 3);
an analysis of variance shows no significant group dif-
ferences.

To determine the stability over time of contrast sen-
sitivity measurements, we retested 4 patients with schizo-
phrenia and 4 normal controls 4 times for 2 months. The
results show highly reliable thresholds on all of the tasks:
contrast detection, orientation discrimination, and ve-
locity discrimination. All patients with schizophrenia
maintained their sensitivity levels, with little variation
from one testing time to another, and no detectable prac-
tice effect (Figure 4). Results for 4 normal controls show
the same stability of thresholds over time.
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Figure 4. Repeated measurements of contrast sensitivity for contrast
detection, velocity discrimination, and orientation discrimination. The data
were collected from 4 subjects with schizophrenia (52 1, 52 2, 5z 3, and Sz
4). There are 2 subpanels for each subject. Left, Contrast detection at 0
degrees/s, and orientation discriminations for differences of 20° and 4°.
Right, Contrast detection at 10 degrees/s, and velocity discrimination for 15
vs 5 degrees/s and 11 vs 90 degrees/s. The plotted data points for each
condition represent an average for the 4 different sessions. The bars
represent SEs for the 4 measurements. Where no bars are visible, the SEs
were too small to be represented on the graph. The relatively small SEs
indicate the stability of the thresholds over time.

We repeated the velocity discrimination experi-
ment using a base velocity of 20 degrees/s (10 Hz) and
obtained qualitatively similar results. These faster-
moving targets resulted in significantly higher thresh-
olds for both groups of subjects; however, the differ-
ences between the groups when judging speeds separated
by 20% (22 vs 18 degrees/s}, the difficult discrimination
comparisons, remained statistically significant.

B COMMENT ___ py

We report degraded velocity discrimination perfor-
mance in a group of patients with schizophrenia when
the velocities of the 2 stimuli are relatively difficult to
discriminate. The difficult velocity discrimination task,
which requires a comparison between 9 and 11 de-
grees/s, is at least twice as large as the velocity discrimi-
nation thresholds of normal observers with no motion
perception deficits.!"'#*° The same degradation in veloc-
ity discrimination is evident when a basal level of con-
trast sensitivity is used to normalize the threshold lev-
els. The patients’ thresholds in tasks of contrast detection
and orientation discrimination, however, are compa-
rable to those of the normal controls.
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Several considerations support the interpretation
that patients with schizophrenia show a specific impair-
ment in the processing of motion signals but not in
other aspects of visual perception, such as orientation
and contrast detection. First, because the same 2-alter-
natives, forced-choice procedure was used for detecting
contrast and discriminating velocity, normal perfor-
mance on the contrast and orientation tasks indicates
that schizophrenic patients understood the task
response requirements. Second, the patients performed
the velocity discrimination tasks at normal levels except
when small velocity differences were being judged. The
same pattern of selective impairment for differentiating
small velocity differences was observed independent of
temporal frequency. The normal control participants
also showed a modest but significant rise in discrimina-
tion threshold for these more difficult judgments, but
not to the extent shown by the schizophrenic patients,
suggesting that the deficit in schizophrenia appears
only when fine processing of a motion signal is
required. Third, the specificity of this impairment for
velocity discrimination is underscored by the finding
that orientation judgments showed no group effects
even when a discrimination of small differences was
required. These findings are consistent with those re-
ported by Stuve et al,'® who showed no relation
between a motion perception decrement and a test of
sustained visual attention in schizophrenic patients.
The decrement in motion discrimination is therefore
not adequately explained by a “generalized deficit” per-
formance.?® Finally, our method kept the performance
of all subjects consistently at 79.4% correct on all tasks,
which minimized experiences of failure on the task.

The processing of motion signals requires coordi-
nation of both spatial and temporal information. We
suggest that the perceptual deficit of motion discrimina-
tion in schizophrenic patients is primarily due to an
impairment in some part of the motion pathways,
although the exact brain areas responsible for the
impairment are yet to be determined. Motion signals
occur in an intermediate stage of visual processing; they
may be influenced by early visual processing (ie, by
receiving spatial and temporal inputs) and by later
visual processing (ie, by the cognitive interpretation of
moving targets). It is possible that the motion deficits in
schizophrenia reflect secondary effects from those brain
areas that provide earlier or later visual processing. Our
contrast detection results, however, suggest that suffi-
cient spatial and temporal information from the early
stage of visual processing is available for motion pro-
cessing, based on the intact capacity of schizophrenic
patients to detect moving and nonmoving targets. We
infer that the influence of later visual processing is lim-
ited as well. We base this inference on the fact that the
poor performance of patients occurs only on the diffi-
cult, but not on the easy, velocity discrimination tasks.
The cognitive requirements, including the memory and
attentional but not the sensory demands, are presum-
ably matched for the easy and difficult velocity com-
parisons. If the cognitive influence from the later stages
played a major role in the patients’ velocity discrimina-
tion performance, such information should have helped

them to perform normally on both the easy and the dif-
ficult velocity discrimination tasks. Yet, this was not the
case. We can conclude that our tasks tapped brain areas
that are specialized for analyzing motion signals, such
as the MT and medial superior temporal areas, although
the possibility that the brain areas responsible for other
aspects of information processing may also have some
influence on the velocity discrimination deficit cannot
be ruled out.

There is an obvious difference between the motion
perception deficits of our schizophrenic subjects and those
of both monkeys and patients with lesions in motion-
sensitive brain areas (MT and medial superior temporal
areas): in schizophrenic patients, the deficit perfor-
mance is stable rather than temporary. A lesion in the
MT area in monkeys produces an immediate and dra-
matic loss of motion perception,” but a substantial im-
provement from that deficit performance is also ob-
served within a few weeks. Such a recovery is generally
attributed to either neural plasticity of the affected re-
gion or a functional takeover by other unaffected brain
regions. In contrast, the deficient performance shown in
many of our schizophrenic patients does not vary over
time. Similar stability has been seen for patients with uni-
lateral parietal lesions."! Furthermore, the high intrasu-
bject reliability of the motion perception impairment sug-
gests that the deficit in motion processing, like eye-
tracking dysfunction, represents a traitlike characteristic
in schizophrenia.

These studies in motion perception were under-
taken as an exploration of the processes involved in
the finding of eye-tracking dysfunction in schizo-
phrenia.!2?%3° Now that it has been determined in 2
independent samples that patients with schizophrenia
show a substantial impairment in velocity discrimina-
tion, we are ready to turn to an exploration of the rela-
tion of this impairment to the deficits in SPEMs. In a
companion article, we report that the motion percep-
tion deficit in schizophrenia patients—reduced contrast
sensitivity for the discrimination of small differences in
velocity—is related to both the initiation and the main-
tenance of SPEM.

Accepted for publication February 4, 1998.

This work was supported in part by grants MH31154,
MH31340, MH49487, MH44866, and MH01021 from the
Public Health Service, Bethesda, Md; by a Scottish Rite Re-
search Grant, Lexington, Mass; and by the Stanley Foun-
dation, Arlington, Va.

Presented in part at the annual meeting of the Asso-
ciation for Research in Vision and Ophthalmology, Ft Lau-
derdale, Fla, May 9, 1993, and April 29, 1997; at the Cor-
nell University Symposium on Schizophrenia, Ithaca, NY,
November 8, 1996; and at the Biennial International Con-
gress on Schizophrenia Research, Colorado Springs, Colo,
April 16, 1997.

We thank Rob McPeek, PhD, for essential assistance
in computer programming, and Charles Stromeyer, PhD, for
help with the manuscript.

Reprints: Philip S. Holzman, PhD, Psychology Re-
search Laboratory, McLean Hospital, 115 Mill St,
Belmont, MA 02178.

ARCH GEN PSYCHIATRY/VOL 56, FEB 1999

153



B REFERENCES

~

[==]

©

13.

14,

. Holzman PS, Proctor LR, Hughes DW. Eye-tracking patterns in schizophrenia.

Science. 1973;181:179-181.

. Holzman PS, Proctor LR, Levy DL, Yasillo NJ, Meltzer HY, Hurt SW. Eye- track-

ing dysfunctions in schizophrenic patients and their relatives. Arch Gen Psychia-
try. 1974;31:143-151.

. Van Essen DG, Maunsell JHR. Hierarchical organization and the functional streams

in the visual cortex. Trends Neurosci. 1983;6:370-375.

. Maunsell JHR, Newsome WT. Visual processing in monkey extrastriate cortex.

Annu Rev Neurosci. 1987;10:363-401.

. Zeki SM. Functional organization of a visual area in the posterior bank of the supe-

rior temporal sulcus of the rhesus monkey. J Physiol (Lond). 1974;236:549-573.

. Albright TD. Direction and orientation selectivity of neurons in visual area MT of

the macaque. J Neurophysiol. 1984;52:1106-1130.

. Aliman J, Miezin F, McGuinness E. Direction- and velocity-specific responses from

beyond the classical receptive field in the middle temporal visual area (MT). Per-
ception. 1985;14:105-126.

. Mikami A, Newsome WT, Wurtz RH. Motion selectivity in macaque visual cor-

tex, |: mechanisms of direction and speed selectivity in extrastriate area MT.
J Neurophysiol. 1986;55:1308-1327.

Ziht J, von Cramon D, Mai N. Selective disturbance of movement vision after bi-
lateral brain damage. Brain. 1983;106:313-340.

. Hess RH, Baker CL, Zihl J. The “motion-blind” patient: low-level spatial and tem-

poral filters. J Neurosci. 1989;9:1628-1640.

. Plant GT, Laxer KD, Barbaro NM, Schiffman JS, Nakayama K. Impaired visual

motion perception in the contralateral hemifield following unilateral posterior ce-
rebral lesions in humans. Brajn. 1993;116:1303-1335.

. Plant GT, Nakayama K. The characteristics of residual motion perception in the

hemifield contralateral to lateral occipital lesions in humans. Brain. 1993;116:
1337-1353.

Pa|afpx GP. Possible Origins of the Smooth Pursuit Deficit in Schizophrenia:
Motion Processing in Schizophrenic Patients and Normal Controls [master’s
thesis]. Cambridge, Mass: Dept of Psychology, Harvard University; 1993:75.
Palafox G, Nakayama K, Holzman PS. Velocity discrimination is impaired in schizo-
phrenic patients. /nvest Ophthalmol Vis Sci. 1993;33(supp!):5392. Abstract.

20.

21,

22.

23.

24.

25.

26.

27.

28.

29.

30.

. Nakayama K. Biological image motion processing: a review. Vision Res. 1985;

25:625-660.

. Adelson EH, Bergen JR. Spatiotemporal energy models for the perception of mo-

tion. J Opt Soc Am A. 1985;2:284-299.

. Watson AB, Barlow HB, Robson JG. What does the eye see best? Nature. 1983;

302:419-422.

. Pasternak T. Discrimination of differences in velocity and flicker rate depends

on directionally selective mechanisms. Vision Res. 1987;30:625-660.

. Stuve TA, Friedman L, Jesberger JA, Gilmaore GG, Strauss ME, Meltzer HY. The

relationship between smooth pursuit performance, motion perception and sus-
tained visual attention in patients with schizophrenia and normal controls. Psy-
chol Med. 1997;27:143-152.

Spitzer R, Williams J, Gibbon M, First M. Structured Clinical Interview for DSM-
1I1-R: Patient Version (SCID-P version 1.0). Washington, DC: American Psychi-
atric Press; 1990.

Hollingshead AB, Redlich FC. Social Class and Mental lliness. New York, NY: John
Wiley & Sons Inc; 1958.

Kelly DH. Visual responses to time-dependent stimuli, I: amplitude sensitivity
measurements. J Opt Soc Am A. 1961;51:422-429.

Pelli DG, Zhang L. Accurate control of contrast on microcomputer displays.
Vision Res. 1991;31:1337-1350.

Levitt D. The transformed up-down methods. J Acoust Soc Am. 1972;10:
465-479.

McKee SP, Silverman GH, Nakayama K. Precise velocity discriminations despite
random variations in temporal frequency and contrast. Vision Res. 1986;26:
609-619.

Chapman L, Chapman J. Disordered Thought in Schizophrenia. New York, NY:
Appleton Century Crofts; 1973,

Newsome WT, Wurtz RH, Dursteler MR, Mikami A. Deficits in visual motion pro-
cessing following ibotenic acid lesions of the middle temporal visual area of the
macaque monkey. J Neurosci, 1985;5:825-840.

Shagass C, Amadeo M, Overton D. Eye-tracking performance in psychiatric pa-
tients. Biol Psychiatry. 1974;9:245-260.

lacono WG, Lykken DT. Eye tracking and psychopathology. Arch Gen Psychia-
try. 1979;36:1361-1369.

Cegalis JA, Sweeney JA. Eye movements in schizophrenia: a quantitative analy-
sis. Biol Psychiatry. 1979;14:13-26.

ARCH GEN PSYCHIATRY/VOL 56, FEB 1999

154

Printed and Published in the United States of America



