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Abstract

Patients with schizophrenia show impairments in motion processing, along with deficits in lower level processing primarily

involving the magnocellular visual pathway. The present study investigates potential magnocellular contributions to impaired

motion processing in schizophrenia using a combined neurophysiological and behavioral approach. As compared to prior

motion studies in schizophrenia, thresholds were determined for both incoherent and coherent visual motion. In this study,

velocity discrimination thresholds were measured for schizophrenia patients (n =14) and age-matched normal control subjects

(n =16) using a staircase procedure. Early visual processing was evaluated using steady-state visual evoked potentials (ssVEP),

with stimuli biased toward activation of either the magnocellular or parvocellular visual pathways through luminance contrast

manipulation. Patients with schizophrenia showed poor velocity discrimination for both incoherent and coherent motion, with

no significant group� task interaction. Further, when coherent motion performance was measured at individually determined

incoherent motion thresholds, accuracy levels for patients were similar to controls, also indicating similarity of deficit for

incoherent vs. coherent motion discrimination. Impairments in velocity discrimination correlated significantly with reduced

amplitude of ssVEP elicited by magnocellular – but not parvocellular – selective stimuli. This study demonstrates that deficits in

motion processing in schizophrenia are significantly related to reduced activation of the magnocellular visual system. Further,

this study supports and extends prior reports of impaired motion processing in schizophrenia, and indicates significant bottom-

up contributions to higher-order cognitive impairments.
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1. Introduction

Deficits in visual processing have been well

documented in schizophrenia, including increased
h 82 (2006) 1–8
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thresholds for visual stimulus detection (Butler et al.,

2005; O’Donnell et al., 1996; Slaghuis, 1998),

reduced neurophysiological response to isolated stim-

uli (Butler et al., 2001, 2005; Foxe et al., 2001; Kim et

al., 2005), and deficits in motion processing (Braus et

al., 2002; Chen et al., 2005, 2004, 2003, 1999; Li,

2002; Schwartz et al., 1999). The relationship

between deficits is not well understood. The present

study investigates the relationship between lower

level visual processing deficits and motion discrimi-

nation abnormalities in schizophrenia.

The visual system, in general, is divided into two

discrete pathways: a magnocellular pathway that is

specialized for rapid analysis of low contrast, low

spatial frequency information, and a parvocellular

pathway that is specialized for analysis of fine detail

and higher spatial frequency information. Magnocel-

lular neurons project preferentially to dorsal visual

stream (bwhereQ system) structures, such as Middle

Temporal area (area MT/V5), which process motion

and location information, while parvocellular neurons

project preferentially to ventral visual stream struc-

tures (bwhatQ system), which process form and

identity (Felleman and Van Essen, 1991; Orban et

al., 2004; Ross et al., 2000). In schizophrenia,

magnocellular processing may be particularly dis-

turbed, with relative sparing of the parvocellular

system (Butler et al., 2001, 2005; Keri et al., 2004;

Kim et al., 2005; Schechter et al., 2003; Slaghuis,

2004).

Deficits in magnocellular function in schizophrenia

are reflected in impaired generation of steady state

visual evoked potentials (ssVEP) to magnocellular

selective stimuli (Butler et al., 2003, 2001). Because

the magnocellular system provides the primary input

to dorsal stream (Chapman et al., 2004; Felleman and

Van Essen, 1991; Thiele et al., 2001), deficits in

magnocellular functioning would be predicted to give

rise to deficits in motion processing. However, the

relationship between deficits at these two levels of

processing has not been explicitly examined. The

present study therefore evaluates the degree to which

disturbances in magnocellular dysfunction in schizo-

phrenia may contribute to subsequent deficits in

motion processing.

Motion processing, like other features of the visual

pathway, is hierarchically organized with refinement

of information extraction through successive stages of
cortical processing. Magnocelluar neurons project

from lateral geniculate nucleus (LGN) to primary

visual (striate) cortex (V1) and subsequently to

successive dorsal stream structures such as area MT

(Felleman and Van Essen, 1991; Orban et al., 2004;

Zeki, 1974). Motion sensitivity arises first in V1,

where it depends upon reciprocal LGN/V1 interac-

tions as well as local processing within each region

(Heggelund and Hartveit, 1990; Humphrey et al.,

1998; Humphrey and Weller, 1988; McKeefry et al.,

1997). In V1, however, only a minority of cells show

motion sensitivity, and each neuron is sensitive to

motion in only a small part of the entire visual space.

Detection of motion across space therefore depends

upon convergent output from V1 to higher order

regions, such as MT.

Neurons in MT receive convergent input from

numerous motion sensitive V1 neurons, so that

neurons with the same directional sensitivity but

complementary visual fields impinge upon the same

MT neurons. As a result, individual MT neurons show

motion sensitivity across extensive regions of visual

space (Felleman and Van Essen, 1991; McKeefry et

al., 1997; Orban et al., 2004). Within MT, neurons

show similar initial sensitivity to motion whether it

occurs in random directions across the visual field

(incoherent motion) or in organized flow across space

(coherent motion) (Lam et al., 2000; McKeefry et al.,

1997; Previc et al., 2000; Ulbert et al., 2001).

However, neuronal outputs in MT are different to

coherent vs. incoherent motion (Rees et al., 2000;

Ulbert et al., 2001), suggesting that MT itself is

responsible for decoding motion patterns across the

visual field. Dissociations between incoherent and

coherent motion discrimination thresholds would thus

suggest impaired processing at the level of MT or

other dorsal stream structures.

In the present study, motion processing thresholds

for both incoherent and coherent motion stimuli were

determined using a delayed discrimination task, in

which subjects had to state whether two successive

stimuli were of the same or different velocities. Tests

of this type are specifically sensitive to deficits within

dorsal stream structures such as MT (Bisley and

Pasternak, 2000). Incoherent and coherent motion

stimuli were presented in separate blocks. Relative

deficits in incoherent and coherent motion were

determined both by comparison of thresholds on each
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task, and by explicit testing of coherent motion

discrimination performance at each subject’s individ-

ually determined incoherent motion threshold. Our

prediction was that motion processing would be

similarly impaired in both tasks, as reflected in

similarly elevated thresholds.

Because magnocellular neurons respond to lower

levels of contrast than do parvocellular neurons, but

show responses that saturate at higher contrast levels,

ssVEP can be biased toward the magno- vs. parvo-

cellular system by manipulation of background

contrast levels (Butler et al., 2001, 2005). ssVEP to

low contrast stimuli presented against a uniform

background preferentially activate the magnocellular

visual system. ssVEP presented using stimuli modu-

lated around a high standing contrast level (bpedestalQ)
preferentially activate the parvocellular visual system.

We have previously shown that deficits in magnocel-

lular ssVEP generation in schizophrenia predict

increased thresholds for detection of low contrast,

low spatial frequency stimuli (Butler et al., 2005). The

present study evaluates the degree to which magno-

cellular dysfunction, as reflected by impaired ssVEP

generation, may contribute to impairments in motion

sensitivity in schizophrenia as well.
2. Methods

2.1. Participants

Fourteen patients (13 males, 1 female) meeting

DSM-IV criteria for schizophrenia and schizoaffective

disorders at the Nathan Kline Institute for Psychiatric

Research provided written informed consent after the

procedures had been fully explained. Diagnoses were

obtained by means of chart review, consultation with

the treating psychiatrists, and the Structured Clinical

Interview for DSM-IV (SCID). Patients were exclud-

ed if they had any neurological or ophthalmologic

disorders that might affect performance. Eleven

patients were taking atypical antipsychotics and three

were receiving typical antipsychotic medications. The

mean chlorpromazine-equivalent dose was 1334 mg/

day (range=500–2500, SD=600).

Sixteen comparison volunteers (11 males, 5

females), age matched to the patients provided written

informed consent after the procedures had been fully
explained. Comparison volunteers with a history of

psychiatric, neurological, and/or ophthalmologic dis-

orders were excluded.

The patient and comparison groups did not differ

significantly in age (patients: 35.4F11 years; con-

trols: 30.9F9.6 years; t =�1.2, df =28, p =0.2), al-

though socioeconomic status, as measured with the

four-factor Hollingshead scale (Hollingshead and

Redlich, 1958), was significantly lower for the

patients (22.8F9.2) than for the comparison subjects

(50.3F11.8, t =6.8, df =26, p b0.0001). Scores for

general psychopathology on the Brief Psychiatric

Rating scale (BPRS), negative symptoms and positive

symptoms were 40.6F9.3, 30.3F10.3, and 10.0F
4.1, respectively.

All participants were screened for adequate binoc-

ular vision using a Snellen eye chart, and were

included only if they showed better than 20/30 vision.

Despite this screening, patients as a group had lower

visual acuity than did the controls (t =2.3, p =0.03).

ANCOVA analyses were, therefore, performed to

evaluate potential contribution of between group

acuity to observed between group differences.

2.2. Stimuli and procedure

The motion experiment was carried out in a dark

room. Visual stimuli were displayed on an Iiyama

Vision Master Pro 514 CRT monitor. The stimuli were

generated using PresentationR (V0.6, Neurobehavio-

ral Systems, http://nbs.neuro-bs.com).

For all tasks, the stimuli consisted of two

separate fields of moving dots presented sequential-

ly. Each field consisted of 100 dots, all of which

moved at the same velocity within a field and in the

same direction out of eight possible directions (up,

down, left, right and oblique �4 different direc-

tions). However, velocity of dots differed across

fields. Fields (1000 ms each) were presented in

pairs with a 500 ms interval separation between

successive fields within a pair. Subjects were told to

report whether velocity of dots in the second field

was the same or different as velocity of dots in the

first field. All participants responded vocally, and

their responses (bsameQ or bdifferentQ) were recorded

by the experimenter.

The experiment was carried out in 3 blocks: a

coherence threshold task, an incoherence threshold

http://nbs.neuro%1Ebs.com
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task, and a percent accuracy block. In the coherence

and incoherence threshold blocks, an up-down

staircase method was used to determine threshold.

In the percent accuracy task, accuracy in performing

the coherent motion task was determined at each

subject’s individually determined incoherent motion

threshold.

2.3. Coherence motion threshold task

For both the coherent and incoherent motion tasks,

the dots in one field (either the first or second) moved

at 108/sec, and the dots in the other field moved at a

speed that changed dynamically, according to a 3-

down, 1-up staircase procedure. Speed of dots in the

second field could be either faster, slower or the same

as dots in the first field. Because of this, the difference

in speed between the two fields could not exceed

100% since one of the two fields would be required to

consist of stationary dots. In order to implement the 3-

down, 1-up staircase, the difference in velocity was

decreased by 20% following 3 correct answers, and

increased by 20% following 1 incorrect answer. The

number of same and different trials was balanced

during the staircase. However, the staircase, which

stopped after 10 reversals, adjusted only for incorrect

responses to different trials. The 3-down/1-up rule

produces a correct response rate equivalent to 79.4%

accuracy. For each subject, the degree of velocity

difference (Dv) at which the staircase converged,

defined as the mean of the last 10 reversals, was

recorded and used as that subject’s coherent motion

threshold.

2.4. Incoherence motion threshold task

For the incoherence threshold task, the same

procedure was used as in the coherence threshold

task, except that motion for each dot in a frame (out of

the 8 possible directions) was randomly chosen for

each dot in each frame. This resulted in each dot

moving in a direction that was independent of all

others. Nevertheless, all dots within a field moved at

the same speed, albeit in random directions, out of the

8 possible directions described above. As in the

coherent threshold task, a 3-down/1-up staircase was

used, and the velocity level (Dv) for 79.4% correct

performance was recorded.
2.5. Percent accuracy task

In the last block, accuracy in detecting differences

in coherent motion between stimuli was tested for

each subject at that subject’s independently deter-

mined incoherent motion threshold. Stimuli were the

same as used in the coherence motion threshold task,

except that the level of Dv within a pair was fixed

across trials at the individual subject’s incoherent

motion threshold. As in the prior blocks, stimulus

velocity for stimuli could be the same or different

within a pair. Same and different pairs were presented

equiprobably. Fifty stimulus pairs were presented for

each subject, and the number of correct responses was

recorded.

2.6. Steady-state visual evoked potentials (ssVEP)

Steady-state visual potentials were recorded as

previously described (Butler et al., 2005). Briefly,

stimuli were biased toward activation of the magno-

cellular vs. parvocellular systems through the use of

stimuli modulated around either a low luminance or

high luminance contrast condition. The magnocellular

system is selectively activated by low luminance

contrast stimuli, but saturates once stimuli exceed

16% contrast. In contrast, the parvocellular system

shows lower sensitivity to low (b16%) contrast

stimuli, but progressive response with increasing

contrast. Thus, use of low absolute luminances biases

stimuli toward the magnocellular system, whereas

modulation around a high standing level of contrast

(48% pedestal) biases toward the parvocellular

system. In order to evaluate early cortical contribu-

tions to motion sensitivity, correlational analyses were

conducted between ssVEP to magnocellular-selective

stimuli (16% contrast, no pedestal) vs. parvocellular-

selective stimuli (16% contrast, pedestal condition).

Data were collected using a VENUS stimulation

system with isolated checks presented either in

appearance–disappearance fashion (magnocellular

condition), or around a standing level of luminance

(parvocellular condition). Based upon shapes of the

waveforms, plateau values for the magnocellular

condition was defined as the average response to

highest 3 levels of luminance contrast (8%, 16%,

32%). In the parvocellular condition, response to the

highest levels (32%) was used as an index of maximal



Table 1

Steady-state visual evoked potential (ssVEP) amplitudes to magno

cellularly and parvocellularly biased stimuli at indicated levels o

depth of modulation (DOM)

DOM Condition

Magnocellular Parvocellula

0 0.48F0.27 0.36F0.21

1 0.52F0.36 0.25F0.15

Fig. 1. Bar chart showing mean (Fsem) thresholds for detecting

differences in velocity of coherent (left) and incoherent (right)

motion stimuli for patients with schizophrenia (n =14) vs. controls

(n =16).
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response (Butler et al., 2005). ssVEP analyses were

performed on patients only, and were missing for 2

subjects. Mean time between motion and ssVEP

testing was approximately 6 weeks.

2.7. Statistical analysis

Demographic comparisons were analyzed between

groups by means of two-tailed t tests. Incoherent and

coherent motion thresholds were analyzed using a

repeated measures ANOVA with within group factor

of task (incoherent vs. coherent) and between group

factor of diagnostic cohort. Percent accuracy data

were analyzed using between-group t-test. Correla-

tional analyses were performed using a Spearman

rank order (rs) correlation. For all analyses, a preset

alpha level for significance of p b .05 was used.

Data in text represent meanFSD unless otherwise

specified.
2 0.62F0.4 0.45F0.32

4 1.13F0.75 0.66F0.36

8 2.40F1.83 1.03F0.64

16 2.53F1.46 1.57F1.12

32 2.52F1.68 1.77F0.80

Peak 2.49F1.59 1.77F0.80

In the magnocellular condition, the function plateaus between 8%

and 32% DOM as previously reported (Butler et al., 2005), so tha

an average of these values was used to define the peak

magnocellular response. In the parvocellular condition, the response

does not saturate so the maximal response across DOM (32% DOM

response) was used for correlational analyses (Fig. 2).
3. Results

3.1. Motion discrimination thresholds

Patients and controls differed in both incoherent (t =

�3.1, df =28, p =0.004) and coherent (t =�3.5, df =28,

p =0.002) motion thresholds (Fig. 1). When both incoherent

and coherent measures were entered into a repeated-

measure ANOVA, there was a significant main effect of
group (F(1,28)=13.2, p =0.001) but no significant group�
task interaction (F b1.0), indicating equivalent level of

performance decrement. Further, incoherent and coherent

thresholds correlated significantly with each other for both

patients and controls (rs= .60, p =.025) and controls (rs= .54,

p =.03).

When coherent motion performance was measured at

individually determined incoherent motion thresholds,

accuracy levels for patients (81.0F8.3%) were similar to

those of controls (78.3F7.8%) with no significant between-

group difference (t =0.9, df = 28, p =0.4), indicating that

deficits in coherent motion discrimination were negated

once correction was made for underlying deficits in

incoherent motion discrimination.

The between-group difference in motion threshold

remained significant even following covariation for poten-

tial between-group differences in visual acuity (F(1,27)=

8.2, p =0.008) or between-group differences in SES

(F(1,27)=7.89, p =.01).

3.2. Correlation analysis

Correlational analyses evaluated the relationship be-

tween motion sensitivity and previously obtained ssVEP

measures of magno- and parvocellular functioning (Butler et

al., 2005). Because coherent and incoherent thresholds were

not significantly different between from each other in either

group, these were averaged prior to performing correlational

analyses, and were compared vs. maximal magnocellular

and parvocellular ssVEP amplitudes (Table 1) across

subjects. In accordance with a priori predictions, the
-

f

r

t



Fig. 2. Correlation between average coherent/incoherent motion discrimination threshold and steady-state visual evoked potential (ssVEP)

amplitude measured as signal-to-noise (SNR) ratio to magnocellularly (left) and parvocellularly (right) biased stimuli.
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amplitude of the magnocellular ssVEP (rs=� .76, p =.004),

but not the parvocellular (rs=� .38, NS), response function

correlated with the motion discrimination threshold (Fig. 2).

Additional correlational analyses investigated the rela-

tionship between motion discrimination thresholds and

antipsychotic dose, expressed as CPZ equivalents. No

significant correlations were observed for either coherent

(r =.10, p =.7) or incoherent (r =� .2, p =.49) thresholds.
4. Conclusions

Although motion processing deficits have been well

documented in schizophrenia (Braus et al., 2002;

Brenner et al., 2003; Chen et al., 1999; Li, 2002;

O’Donnell et al., 1996), underlying neurophysiologi-

cal mechanisms remain to be determined. In this study,

we investigated information processing using incoher-

ent vs. coherent motion processing tasks, and related

performance to measures of basic sensory processing.

The main findings of the present study are that

patients with schizophrenia show elevated velocity

discrimination thresholds, reflecting impaired motion

processing. As compared to earlier studies, however,

we demonstrate that these processes affect incoherent,

as well as coherent motion processing, suggesting that

decoding of coherent from incoherent motion, a

process that takes place within dorsal stream regions

such as MT (Lam et al., 2000; McKeefry et al., 1997;

Previc et al., 2000; Rees et al., 2000; Ulbert et al.,

2001), is relatively intact. In addition, motion-pro-

cessing deficits were significantly related to deficits in

functioning of the magnocellular visual system, which

provides low-level input to the dorsal stream. Taken
together, these findings suggest that motion-process-

ing deficits in schizophrenia may be largely attribut-

able to impaired bottom-up input to motion processing

areas such as MT, rather than to local, intrinsic

dysfunction within those regions.

On a neurophysiological level, global motion

discrimination within the visual system is enabled by

basic circuit-level mechanisms that permit subpopula-

tions of neurons, beginning in primary visual cortex

(V1) to develop differential sensitivity to stimuli

moving in a specific direction. Motion-sensitive

neurons take advantage of the timing differences

provided by discrete subpopulations of neurons within

LGN that respond either immediately (non-lagged) or

following delay (lagged) to stimuli presented in a

specific portion of space (Humphrey and Weller,

1988). On a molecular level, the delayed responses

of lagged cells reflect the slower channel kinetics of N-

methyl-d-aspartate (NMDA) receptors relative to

other (non-NMDA) glutamate receptor types (Hegge-

lund and Hartveit, 1990). Thus, deficits in NMDA

transmission in schizophrenia, if present in schizo-

phrenia (Abi-Saab et al., 1998; Coyle, 1996; Javitt and

Zukin, 1991; Newcomer et al., 1999), would be

predicted to lead to deficits in motion discrimination

even at very low levels of the visual system (i.e. LGN/

V1). Within V1, other NMDA-dependent processes,

such as delayed GABAergic feedback, may also

contribute to neuronal motion sensitivity (Rivadulla

et al., 2001). Motion sensitivity deficits, as well as

more general magnocellular dysfunction (Butler et al.,

2005; Kwon et al., 1991, 1992), therefore may both be

manifestations of proposed disturbances in glutama-
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tergic and/or NMDA-dependent neurotransmission in

schizophrenia.

Although functioning of lagged vs. non-lagged

cells within V1 cannot be readily assessed in

schizophrenia, we have recently observed that ssVEP

responses are depressed to stimulus manipulations

that elicit apparent motion, but not to those that elicit

only apparent changes in form (Kim et al., 2005).

Such findings, overall, are consistent as well with the

concept that motion processing is impaired even at

early stages of cortical analysis.

A limitation of the study is that all patients were

receiving antipsychotic medication at the time of

testing. Thus, a medication effect cannot be excluded.

However, deficits in motion processing have been

found in the past to be relatively insensitive to

medication status (Chen et al., 1999). Moreover, in

the present study, there was no significant correlation

between antipsychotic type (typical vs. atypical) or

dose and measures of either motion sensitivity or

ssVEP amplitude.

In summary, motion-processing deficits have pre-

viously been reported in schizophrenia. This study

demonstrates that the disease process affects sensitiv-

ity to incoherent motion equally to that of coherent

motion. Further, deficits in motion processing are

significantly predicted by neurophysiological dys-

function of the magnocellular, but not parvocellular,

visual pathways, suggesting significant bottom-up

contributions. Taken together, these findings suggest

that deficits in dorsal stream processing may be driven

in large part by failures in earlier magnocellular

functioning, and supports hierarchical models of

neurocognitive dysfunction in schizophrenia.
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