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Task- elated EEG alpha asymmetrj in schizophrenic patients 
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EEG was recorded from bilateral frontal, central, temporal, and parietal leads (referenced to or transformed 
to a vertex reference) during cognitive activity in 13 normal controls, ten schizophrenics, and eight patients 
with affective disorders. All subjects were male and right-handed, and patients had been free of psychotropic 
medications for at least 2 weeks. A verbal (copying text) and spatial (copying shapes) task were matched for 
stimulus presentation and motor output. The number and rate of correct responses were recorded for each 
normal subject and 1 1  of the patients. As reported by others, normal subjects manifested a significant 
difference in alpha asymmetry between the tasks, reflecting relatively greater alpha suppression over the left 
hemisphere during the verbal task compared to the spatial task (P < 0.05). This effect was not significant in 
either patient group. However, analysis of seven schizophrenics after neuroleptic treatment revealed robust 
effects of task on alpha asymmetry similar to that present in the normal control group (P 0.02). The results 
suggest that abnormal task-related brain lateralization may be present in untreated schizophrenic patients, 
but it is state dependent and does not reflect permanent patterns of brain organization. 
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INTRODUCTION 

Inspired by hypotheses that suggest lateralized 
brain abnormalities in schizophrenic patients, 
several laboratories have measured cortical activity 
in schizophrenics under cognitive conditions de- 
signed to elicit asymmetrical patterns of brain activ- 
ity (Flor-Henry et al., 1975; Stevens and Livermore, 
1982; Gur et al., 1983, 1985; Flor-Henry and Koles, 
1984; Merrin et al., 1986). These studies have built 
upon work demonstrating, in normal right-handed 
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subjects, a relationship between verbal or spatid 
cognitive operations and preferential left or right 
hemisphere activation. This effect is often indexed 
by EEG activity in the alpha frequency band 
(usually 8-13 Hz), which is associated with un- 
focused activity and is blocked or suppressed with 
cortical activation. Thus, EEG alpha is reduced 
proportionally more over the left side during verbal 
activity and over the right side during spatial 
activity (e.g., Galin and Ornstein, 1972; Donchin et 
al., 1977). This phenomenon has been most consist- 
ently found for the central leads recorded to the 
vertex (Cz) reference (Galin et al., 1982). Regional 
cerebral blood flow (rCBF) studies have provided 
supportive evidence; blood flow is increased rela- 
tively more in the left hemisphere during verbal 
activity and in the right hemisphere during spatial 
activity (Risberg et al., 1975; Gur et al., 1982). 
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Studies of tas,-relatei EEG alpha activity in 
schizophrenics have not yielded consistent results. 
Flor-Henry and his colleagues have published two 
sets of findings using similar methods. In the earlier 
report (Flor-Henry et al., 1975) 28 unmedicated 
schizophrenics, 18 manic-depressives, and 19 nor- 
mal controls performed verbal and spatial tasks 
while EEG was recorded from bilateral temporal 
and parigtal leads referenced to Cz. All subjects 
performed a verbal motor task (the vocabulary 
subtest of the Wechsler Adult Intelligence Scale 
(WAIS)) and a spatial motor task (block design 
subtest of the WAIS) during EEG acquisition. 
Normal controls manifested differences in rightfleft 
ratios of log alpha power between verbal and 
spatial tasks in the expected direction for both 
parietal and temporal leads. However, for schizo- 
phrenics significant task-related differences in 
alpha asymmetry in the 'normal' direction were 
evident only in temporal leads. These findings are 
difficult to interpret since the difference in task- 
related EEG lateralization between groups was not 
assessed statistically. In a more recent report (Flor- 
Henry and Koles, 1984) with a much larger sample 
of unmedicated patients (63 depressives, 75 manics, 
53 schizophrenics, 60 normals), schizophrenics 
manifested relatively higher left relative to right 
hemisphere temporal alpha power during the ver- 
bal task compared to the spatial task. This is 
opposite to the expectation for normals. The rever- 
sed alpha asymmetry during verbal activity was not 
present in depressives or normals, although schizo- 
phrenics differed significantly only when compared 
to depressives (P e 0.05). Thus, the results of the 
second study were opposite to those of the first, and 
suggested an absence of predominantly left-sided 
cortical activation in temporal leads during verbal 
task conditions in schizophrenics. 

Stevens and Livermore (1982) also reported 
aberrant patterns of task-related EEG asymmetry 
in schizophrenics. They recorded EEGs with a 
bipolar montage (bilateral central-parietal and 
anterior to posterior temporal) during two tasks 
they classified as verbal in nature (alphabet task - 
subject recites words starting with successive letters 
of the alphabet; serial subtraction) and two spatial 
tasks (formboard, jigsaw puzzle) in 18 schizophre- 
nic patients (eight were unmedicated) and nine 
controls. Differences in patterns of task-related 
alpha asymmetry were noted, although no statistics 

were presented. In most control subjects, predicted 
patterns of task-related alpha power asymmetry 
appeared: temporal alpha power shifted towards 
relative left-sided predominance during spatial 
tasks and towards relative right-sided predom- 
inance during verbal tasks. However, in schizophre- 
nics there were no consistent changes in temporal 
lateralization between the verbal and spatial tasks. 
Data on medicated versus unmedicated patients 
were not presented. 

Gur et al. (1983, 1985) were able to demonstrate 
task-related ab;iormalities of rCBF lateralization in 
samples of unmedicated and medicated schizophre- 
nics. Subjects were given a verbal analogies task 
and a spatial line orientation task. Schizophrenics, 
unlike normals, generally manifested higher flows 
in the left hemisphere even during the spatial task. 
Medicated and unmedicated patients were similar 
in task-related blood flow asymmetry, although the 
same individual subjects were not studied before 
and after medication treatment. A major method- 
ological improvement in the Gur et al. studies was 
the use of tasks with identical response output. 
However, it was noteworthy that the patients' 
performance was significantly inferior to that of 
normal controls. Thus it is possible that the results 
were due to inconsistent attention to tasks by 
schizophrenic patients. 
In our laboratory (Merrin et al., 1986) we were 

unable to replicate the finding of abnormal task- 
related lateralization with ten predominantly un- 
medicated schizophrenics and nine normal con- 
trols, all right-handed. EEG was recorded from 
bilateral temporal and parietal as well as Cz leads, 
referenced to linked ears. To analyze task-related 
alpha asymmetry the EEG was transformed to Cz 
reference (for this procedure, the schizophrenic 
group was reduced in size to eight subjects). Task 
conditions were similar to those used by Galin et al. 
(reading aloud, block design) and allowed for direct 
monitoring of task behavior and performance. 
Task-related asymmetries were similar in patients 
and controls, and even tended to be more promi- 
nent in schizophrenics in temporal leads. However. 
we did not record from the central leads, where 
Galin et al. (1982) have reported the largest effects 
of cognitive task on alpha asymmetry. In addition, 
the tasks were not well matched in stimulus or 
response characteristics. 

In the current study, we used a larger electrode 
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array which included the central leads and 
examined schizophrenic EEG alpha asymmetry, 
assessing task-related changes and reliability of 
EEG alpha asymmetry in schizophrenics, patient 
controls, and normals. The tasks administered were 
designed to control for stimulus presentation and 
response demands. 

METHODS 

Subject selection 
Schizophrenic subjects were male veterans recently 
admitted to an acute psychiatric inpatient unit. 
Inclusion required that the patient had been free of 
regular psychotropic medication at least 2 weeks. 
Two patients had never received neuroleptic medi- 
cation, one had been off for 2 years, another for 1 
year, and five for greater than 1 month. One 
schizophrenic, 1 month medication free, had re- 
ceived two 5mg doses of oral fluphenazine 72h 
prior to testing. Prospective subjects were inter- 
viewed by a research psychiatrist (E.L.M.) with the 
Schedule for Affective Disorders and Schizophrenia 
(SADS) (Spitzer and Endicott, 1978a). The ten 
patients selected (mean age 43 & 12, range 28-64) 
fulfilled DSM-I11 criteria for chronic schizophrenia 
(four undifferentiated, four paranoid, one disorga- 
nized type) or chronic schizoaffective disorder (n 
= 1). All were right-handed (Annett, 1976), and did 
not have histories or findings consistent with 
clinically significant recent alcohol or drug abuse, 
coarse central nervous system disease, or other 
medical conditions potentially responsible for their 
psychiatric symptoms. Seven of the subjects were 
studied a second time after 3-4 weeks (with the 
exception of one subject who was retested after 9 
days) of neuroleptic treatment. One subject had 
refused neuroleptic treatment, another eloped from 
the hospital before completing the study, and post- 
treatment data from a third was technically 
inadequate. The mean daily neuroleptic dose in 
chlorpromazine equivalents (Davis, 1976) was 369 
F 106mg with a range from 200 to 500 mg. In 
addition, five of these subjects were also treated 
with antiparkinsonian medications. Clinical ratings 
with the Brief Psychiatric Rating Scale (BPRS) 
(Overall and Gorham, 1962) and Maine Para- 
noid/Nonparanoid Scale (Magaro et al., 1981) were 
performed by the research psychiatrist within 24 h 
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of each EEG study. The mean BPRS score was 
50.5 7.0; for the seven patients studied after treat- 
ment, BPRS ratings decreased during treatment 
from 49.0 k 6.7 to 32.1 & 2.8 (paired t-test: t = - 5.67, 
df = 12, P < 0.001). 

A patient control group meeting DSM-111 crite- 
ria for major affective disorder was selected in a 
similar manner. A total sample of eight right- 
handed males (mean age 56 * 12, range 38-67) 
included two with bipolar depression, two with 
bipolar manic disorder, and four with unipolar 
depression. All were free of recent clinically signifi- 
cant substance abuse and neurologic disease and 
free of psychotropic medication for at least 2 weeks. 

Normal controls were recruited from an adver- 
tisement in a hospital newsletter. Prospective sub- 
jects were interviewed with the SADS-Lifetime 
(Spitzer and Endicott, 1978b) and screened for 
right-handedness. Only males without evidence of 
major psychiatric disturbance, substance abuse, or 
medical disorders involving potential central ner- 
vous system involvement were selected. All 13 
normal males (mean age 42 & 8, range 25-51) 
entered into the study were free of psychotropic 
medication by history. 

The groups differed in age, the affective patients 
being older than schizophrenics and normal con- 
trols (F = 4.883, df = 2, P < 0.02). Schizophrenic 
subjects tended to be less well educated, with 12 
being high school graduates but none having 
college degrees. Three subjects in each of the other 
groups were college graduates. 

Cognitive tasks 
EEG was recorded during two cognitive tasks. The 
tasks were designed to be low in difficulty, closely 
matched in stimulus presentation, task demands, 
and motor response, and to provide scoreable 
output. In each of the tasks stimuli were presented 
on a piece of paper in front of the subject and the 
subject instructed to copy the stimuli onto an 
adjacent sheet of blank paper. During Copy Design 
(CD), subjects copied a series of abstract shapes; 
during Copy Text (CT), subjects copied the text of a 
magazine advertisement. The number of words or 
shapes copied correctly and incorrectly were tallied 
and the total seconds elapsed during the perfor- 
mance of the task recorded. Performance scores 
were then calculated for the copy design (CDPS) 
and copy text (CTPS) tasks by dividing the items 
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copied by the total seconds elapsed during task 
performance. Due to a technical difficulty early in 
the study, these scores were only available for a 
subset of subjects (seven schizophrenics, four affect- 
ive patients, 12 normal controls). Since time elapsed 
during data collection varied among subjects (see 
below), the rate of producing responses per unit 
time rather than the absolute number of correct 
responses was used as a measure of task 
performance. 

EEG recording 
Subjects were seated in a sound attenuated cham- 
ber and communicated with the experimenter via 
microphone and headphones. Gold cup electrodes 
were applied at Fpl and the right outer canthus for 
P4 leads of the 10-20 system, all referenced to Fz 
(with the exception of two schizophrenic and one 
affective patient, whose EEGs were recorded with a 
Cz reference). Electrooculogram (EOG) electrodes 
were applied at Fpl  and the right outer canthus for 
eye movement monitoring. Impedance was less 
than 1OQ for each electrode. EEG and EOG 
signals were amplified by a Grass model seven 
polygraph with filters set at 1 and 35 Hz. Data were 
digitized on-line at 64 samples/s on an IBM-XT 
microcomputer interfaced to a Tecmar Labmaster 
analoddigital converter. Automatic artifact rejec- 
tion software eliminated epochs with EOG signals 
greater than 50pV baseline to peak. Data collec- 
tion continued during each condition until 60 
acceptable 1 s epochs were obtained. EEGs were 
later visually inspected on a computer monitor and 
screened for additional EOG, movement, and 
muscle artifacts that had passed through our auto- 
mated system. After these procedures an average of 
40 f 8 (range 22-55) s of EEG remained for the CD 
task and 44 & 7 (range 2660)  for CT. There were 
no group differences in the number of EEG epochs 
remaining for analysis. 

The remaining epochs were subjected to Fast 
Fourier Transform (FFT) after Fz referenced data 
were algebraically transformed to a Cz reference 
and a 10% cosine taper applied. Data were banded 
into delta (0-3 Hz), theta (3.%7 Hz), alpha 
(7.5-12.5 Hz), beta, (13-19.5 Hz) and beta2 
(2&32 Hz) frequency bands, and transformed to 
log power (Gasser et al., 1982). 

RESULTS 

Task-related alpha asymmetry 
Log alpha power during cognitive tasks at each 
electrode is presented by group in Table 1. An 
overall ANOVA was conducted, with group as the 
between subjects factor and task (CD, CT), lead- 
pair (frontal, central, temporal, parietal), and side 
(left, right) as within subjects factors. Since higher 
levels of cortical activation are associated with 
lower alpha power, relatively higher log alpha 
power on the right was expected during the verbal 
task (CT) and relatively higher log alpha power on 
the left during the spatial task (CD). There were no 
overall or group effects consistent with task dif- 
ferences in alpha lateralization in this analysis. 
Specifically, there were no task x side (P = 0.21), 
group x task x side (P = 0.49) or group x task 
x leadpair x side (P = 0.18) interactions. There 
was no main effect of group on alpha power (P 
= 0.23) but there was a group x leadpair interac- 
tion (F = 2.37, df = 6, P -= 0.04). This was due to 
increased alpha power in schizophrenics, most 
prominently in central leads. 

Since prior studies have found task-related alpha 
asymmetries in normals, particularly in central 
leads, we analyzed the normal group separately by 
a repeated measures ANOVA. In normal controls 
there was a significant task x side interaction IF 
= 4.81; df = 1, 12; P < 0.05) in the predicted direc- 
tion; log alpha power was relatively lower on the 
left during CT than during CD. When leadpairs 
were considered separately, the effect was signi- 
ficant only in the central leads (F = 7.02; df = 1, 12; 
P < 0.03). In central leads 11/13 subjects and 
in temporal leads 10/13 subjects shifted alpha 
asymmetry in the expected direction. There were 
no task x side interactions in log alpha power when 
similar analyses were performed on data from 
either the schizophrenic (P = 0.22) or affective dis- 
order (P=O.84) group. In both central and tem- 
poral leads, only 5/10 schizophrenics and 3/8 affect. 
ive patients shifted in the expected direction. 

For graphic display of alpha power asymmetry 
we used right/left alpha ratios (log right-log left) 
computed after log transformation of spectral power 
for each subject by task. A pattern of task-related 
asymmetry consistent with the model described by 
Galin et al. (1982) would be associated with larger 
ratio values for CT than for CD. Mean ratio values 
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TABLE 1 

Means l S D )  log alpha power recorded from bilateral frontal, central. temporal, and parietal leads during spatial (Copy Design) and verbal 
(Copy Tex t )  task conditions in schizophrenic patients (n = IO), d e c t i v e  disorder patients In = 8). and normal controls /n  = 131 

Log power was relatively lower on the left during Copy Text than during Copy Design in the normal controls ( P  < 0.05) 

Leji frontal Right frontal Left central Right central 

Cop) Design 
Schizophrenic 1.74 (0.69) 
Affective 1.45 (0.28) 
hrmal  1.43 (0.51) 

Copy Text 
Schizophrenic 1.72 (0.72) 
Afect i ve 1.39 (0.52) 
Normal 1.34 (0.56) 

1.74 (0.65) 
1.35 (0.39) 
1.31 (0.49) 

1.74 (0.79) 
1.40 (0.56) 
1.32 (0.50) 

1.26 (0.75) 
0.93 (0.3 1 )  
0.86 (0.43) 

1.18 (0.75) 
0.98 (0.49) 
0.79 (0.47) 

1.45 (0.94) 
0.82 (0.32) 
0.74 (0.54) 

1.3 1 (0.93) 
0.97 (0.35) 
0.80 (0.60) 

Right parietal L4$ temporal Right temporal Leji parietal 

Copy Design 
Schizophrenic 2.55 (0.78) 
.4ffective 2.56 (0.59) 
Normal 2.40 (0.51) 

Copy Text 
Schizophrenic 2.43 (0.71) 
Affective 2.59 (0.79) 
Normal 2.28 (0.48) 

2.56 (0.86) 
2.65 (0.89) 
2.35 (0.54) 

2.53 (0.76) 
2.43 (0.56) 
2.38 (0.51) 

1.94 (0.81) 
1.45 (0.44) 
1.44 (0.45) 

1.85 (0.80) 
1.56 (0.53) 
1.48 (0.49) 

1.92 (0.81) 
1.46 (0.40) 
1.28 (0.49) 

1.97 (0.91) 
1.50 (0.36) 
1.36 (0.49) 

during the tasks for each group are displayed in 
Fig. 1 .  

A second analysis was performed on pre- and 
posttreatment data from the seven schizophrenics 
who were retested after neuroleptic therapy. A 
repeated measures ANOVA included a factor for 
session (pre- vs. posttreatment). In coptrast to the 
larger sample of pretreatment schizophrenics ana- 
lyzed above, the task x side interaction was signifi- 
cant (F = 15.15; df = 1,6; P c 0.01) in the predicted 
direction. Although there was no interaction be- 
tween session, condition, and side, we conducted 
separate exploratory analyses for both the pre- and 
posttreatment sessions. Although there was no task 
x side interaction prior to treatment (P = 0.27), 
after treatment the patients manifested a strong 
task x side effect across leads (F = 9.82; df = 1,6; P 
= 0.02). These task asymmetry changes were in the 
same direction as the normals across leadpairs. 
Mean log alpha power from these subjects are 
presented by session in Table 2. In Fig. 2, the 
difference in alpha ratios between the two tasks 
(CT-CD) for each leadpair pre- and posttreatment 
is presented by subject. Asymmetry changes in the 

predicted direction are represented by positive 
values, since ratios for CT should be higher than for 
CD. Five of the subjects show more positive values 
after treatment, reflecting more consistent task- 
related asymmetry. 

Reliability of asymmetries 
In 12 normals, eight schizophrenics, and seven 
affective controls, technically acceptable data from 
a repeat run on the same day of each task were 
available. This allowed assessment of the reliability 
of alpha lateralization measures. Intraclass corre- 
lation coefficients were obtained for frontal alpha 
ratio (FAR), central alpha ratio (CAR), temporal 
alpha ratio (TAR), and parietal alpha ratio (PAR). 
Reliabilities in normals ranged from 0.55 (FAR, 
CD) to 0.90 (TAR, CD), with values of 0.76 (CD) 
and 0.83 (CT) in central leads. In schizophrenics, 
reliabilities were lower in FAR (0.57 for CD, 0.25 
for CT) but ranged from 0.70 (PAR, CD) to 0.93 
(TAR, CT) in the other leadpairs. Central values 
were 0.89 (CD) and 0.75 (CT). In affective patients, 
reliabilities were less impressive, ranging from 0.44 
(CAR, CT) to 0.92 (PAR, CD) with 4/8 values 
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a. Schizophrenics (n=10) 
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Fig. I .  Task-related alpha asymmetry in untreated schizophrenics and controls. Mean rightfleft alpha power ratios (log right - log left1 
were computed from bilateral frontal, central, temporal, and parietal EEG recordings during performance of spatial (Copy Design) and 
verbal(Copy Text) tasks by:(a) schizophrenics(n = IO),(b) affectivedisorder patients(n = 8),and(c) normalcontrols(n = 13). Errorbars 
represent 95% confidence intervals ( 1.96 x standard error). Positive values indicate relatively greater right-sided power; negative vahs 
indicate relatively greater left-sided power. Temporal ratios from one affective patient were omitted from presentation in the figure 
because of an extreme ratio value for Copy Design. Ratios tended to be larger for Copy Text in all groups, consistent with greater alpha 

suppression over the active hemisphere, but were significantly larger only in normals (P < 0.05). 
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Postt reatmen t 3.3 

Pretreatment 2.5 
Posttreatment 3.2 

'Repeated measures ANOV. 
during Copy Design ( P  i O.( 
session ( P  = 0 02). 

Copy Text 

above 0.70. Thus, with 
frontal leads, lateralizz 
task conditions was 
normals, and, to a lesse 

- *  v-mance 
;sion reliab 
sured by ii 

ins of norr 
0.65 for CTi 
e correspor 
:lass correl; 
erably lowe 

LUL L I r3. 
Only four normals 

schizophrenics made an 
ever, patients produce1 
Patients' scores were 
normals for both C 
= 11.69, df = 2, P < 0.t 
Wallis, H = 13.38, df = 
patients tended to scort 
schizophrenics (P < 0.0' 
treatment were availab 
both CDPS (0.12 & 0.12 
10.18k0.04 to 0.35_$C 



I 289 

j TABLE2 
veans I S D )  log alpha power recorded from bilateral frontal. central. temporal. and parietal leads during spatial (Copy Design) and verbal 
'Copy Text)  task conditions in schizophrenic patients In = 7) before and after neuroleptic treatmenr' 

Right central Left frontal Right .frontal Leji central 
I 
i 

;ign J 

I 

sign ZI 

Copy Design 
Pretreatment 1.85 (0.72) 
Posttreatment 2.50 ( 1.06) 

1.83 (0.70) 
2.46 ( 1.04) 

1.40 (0.84) 
1.97 (1.14) 

1.75 (0.91) 
2.09 ( 1.29) 

1 Copy Text , Pretreatment 1.86 (0.74) 1.86 (0.87) 1.33(0.81) 1.55 (0.93) 
2.19 ( 1.05) I posttreatment 2.45 (0.91) 2.47 (0.92) 1.92 (0.90) 

i 
Lefr temporal Right temporal Leji parietal Right parietal 

Copy Design 
Pretreatment 2.72 (0.781 2.67 (0.95) 2.1 1 (0.87) 2.1 l(0.85) '4 Posttreatment 3.39 (1.08) 3.18 (1.04) 2.47 (0.90) 2.41 (1.02) 

r ratios (log right -log left) 
f spatial (Copy Design) and 
:ontrols(n = 13). Error bars 
ided power; negative values 
I presentation in the figure 
onsistent with greater alpha 
' < 0.05). 

I 

'Topp Text 
Pretreatment 2.59 (0.69) 
Posttreatment 3.24 (0.84) 

2.67 (0.80) 
3.24 (0.97) 

2.00(0.85) 
2.55 (0.83) 

2.20(0.95) 
2.50 (0.92) 

'Repeated measures ANOVA revealed a significant task x side interaction, with relatively lower left-sided power during Copy Text than 
during Copy Design ( P  < 0.01). When analyzed separately by medication status, this interaction was present only in the postmedication 
session (P = 0.02). 

above 0.70. Thus, with the possible exception of the 
frontal leads, lateralization of alpha power during 
task conditions was reliable in schizophrenics, 
normals, and, to a lesser extent, in affective patients. 

Task performance 
Within session reliabilities of the performance 
scores measured by intraclass correlation across 
repeated runs of normal controls were 0.83 for 
CDPS and 0.65 for CTPS. For pretreatment schizo- 
phrenics the corresponding values were 0.86 and 
0.52. Intraclass correlations in affective patients 
were considerably lower, -0.29 for CDPS and 0.38 
for CTPS. 

Only four normals and three pretreatment 
schizophrenics made any incorrect responses. How- 
ever, patients produced less responses/unit time. 
Patients' scores were significantly lower than 
normals for both CDPS (Kruskal-Wallis, H 
= 11.69, df = 2, P < 0.003) and CTPS (Kruskal- 
Wallis, H = 13.38, df = 2, P < 0.002). The affective 
patients tended to score higher on CTPS than the 
schizophrenics (P < 0.09). Scores after medication 
treatment were available for four schizophrenics: 
both CDPS (0.12 f 0.12 to 0.14 f 0.05) and CTPS 
(0.18 & 0.04 to 0.35 0.26) increased after treat- 

ment, but were still below normal values (0.25 
f 0.08 and 0.47 f 0.12 respectively). 

In order to investigate relationships between the 
performance scores and alpha lateralization during 
the tasks, we computed rank correlations between 
CDPS and CTPS and the alpha ratios from EEG 
recorded during task performance. If the perfor- 
mance scores were directly related to alpha asym- 
metry CDPS would be inversely correlated and 
CTPS would be positively correlated with rightfleft 
alpha ratios. There were no significant correlations 
found in normal controls. In schizophrenics ( n  = 7 )  
correlations were paradoxically reversed; CDPS 
was positively correlated with central alpha ratios 
during copy design (0.75) and CTPS was negatively 
correlated with temporal alpha ratios during copy 
text (-0.71). 

Clinical ratings 
Rank correlations were computed between clinical 
ratings on the BPRS, Maine Paranoid/ 
Nonparanoid Scale, performance scores, and alpha 
power ratios in the ten untreated schizophrenic 
patients. In addition to the total BPRS score, 
subscales were extracted to measure positive and 
negative symptoms (Pickar et al., 1987), paranoid 

I 
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Fig. 2. Task-related alpha symmetry in seven patients before and after neuroleptic treatment. For each subject in the pre- and 
posttreatment phase, the difference between right/left alpha power ratios (log right - log left) of the Copy Text and Copy Design tasks 
(CT ratio - CD ratio) is presented. A positive value is consistent with the model of relatively more left-sided alpha suppression dunng 
verbal activity and relatively more right-sided suppression during spatial activity. Although overall analysis of log alpha power revea,kd 
a significant ( P  < 0.01) interaction between condition and side consistent with this model, only posttreatment data were significant 
( P  < 0.02) when analyzed separately. This is demonstrated in the figure, where positive CT ratio - CD ratio values predominate in the 

posttreatment data. 

symptoms (Pickar et al., 1987), and symptoms DISCUSSION 
possibly related to right and left hemisphere activ- 
ity (Serafetinedes et al., 1981). There were no 
significant correlations. 

We have obtained reliable measures of EEG alpha 
power asymmetry in modest samples of schizo- 
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phrenics and controls during the performance of 
verbal and spatial tasks. These tasks were closely 
matched for stimulus characteristics, task demands, 
and motor output. In our total sample of normal 
controls and unmedicated patients, we were unable 
to demonstrate differences between groups in task- 
related patterns of alpha asymmetry. However, 
separate analysis by group suggested that a larger 
series might reveal interactions between diagnosis, 
clinical state, and task differences in EEG alpha 
asymmetry. 

Normal controls produced a pattern of alpha 
asymmetry consistent with relative left hemisphere 
activation during verbal tasks and relative right 
hemisphere activation during spatial tasks. As re- 
ported by others using vertex referenced data 
(Galin et al., 1982), this effect was strongest in the 
central leads. Both task differences and right/left 
ratio values in central leads in the normal group 
were similar to those found by Galin et al. (1982) in 
13 normal right-handed males, using similar EEG 
recording methods but slightly different motor 
tasks (block design, writing from memory). 
However, Galin et al. (1982) reported a larger task 
difference in asymmetry. This discrepancy may be 
accounted for by task differences. They noted that 
the writing from memory task they employed 
produced greater left hemisphere alpha suppression 
than a copying paradigm, similar to the verbal task 
in our study, that they had tried in earlier work. In 
fact, they obtained ratio values (-0.11 kO.15) 
during block design that were similar to our copy 
design, but their ratios for writing from memory 
(0.12 k 0.13) were considerably higher than our 
copy text task. 

In contrast, there were no task asymmetry effects 
in the unmedicated schizophrenic and affective 
disorder patient groups. These data are generally 
consistent with the results reported by previous 
workers but differ slightly from the conclusions 
reached in our previous report (Merrin et al., 1986). 
In that study, untreated schizophrenics and normal 
controls manifested similar trends for task-related 
alpha asymmetry during verbal and spatial tasks. 
However, in our earlier experiment we recorded 
only from temporal and parietal electrodes. An 
inspection of Fig. 1 reveals that the direction of 
task-related alpha asymmetries at those sites is 
similar in schizophrenics and normals. The largest 
discrepancy seems to be in the central leads, where 

the schizophrenic group shows a reversed pattern. 
Previous studies did not address the possible 

contribution of inadequate task engagement to 
group differences in EEG patterns. We were only 
partially successful in exploring this issue by 
examining the correlation between a performance 
measure derived from the number of correct re- 
sponses (items copied) per second of EEG acqui- 
sition and alpha lateralization. There was no re- 
lationship between performance and task-related 
alpha asymmetry in normals. In contrast, although 
patients performed slower than normal controls, 
their performance was inversely correlated to the 
expected pattern of alpha asymmetry. At the pre- 
sent time, we have no clear hypotheses about what 
might underlie these anomalous correlations. 
However, these results demonstrate how issues of 
attention and idiosyncratic response patterns con- 
tinue to complicate the study of cognitive activity in 
psychotic patients. 

The results of the second component of our study 
suggested that if abnormal lateralization was pre- 
sent in schizophrenics, it was a function of clinical 
status. The seven schizophrenics studied before and 
after neuroleptic treatment demonstrated robust 
effects of cognitive demand on alpha power asym- 
metry in posttreatment data. We cannot clearly 
relate this to levels of clinical severity, as there were 
no correlations between BPRS ratings or any 
BPRS subscales and alpha asymmetry. Although 
the data were available for only a few patients, 
performance scores after treatment suggested that 
task engagement was only modestly improved. 
Overall, our results suggest that any abnormal 
EEG asymmetry in schizophrenics prior to treat- 
ment reflected a reversible functional state and not 
a permanent feature of cortical organization. 

This conclusion is inconsistent with the findings 
of Gur et al. (1983, 1985) who described relatively 
high blood flows in anterior regions of the left 
hemisphere of schizophrenics, even during a spatial 
task. These abnormalities of blood flow asymmetry 
were present in medicated as well as unmedicated 
patients and were most prominent in patients with 
higher BPRS scores. A number of differences in 
study design may account for some of the discrep- 
ancies. Verbal and spatial tasks were different in 
design and difficulty in the two laboratories and 
may have elicited considerably different patterns of 
cortical activation. Also, Gur et al. did not study 
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the same patients before anc after treatment but 
used separate medicated and unmedicated groups. 
Therefore, it is not possible to know whether their 
unmedicated group would have manifested more 
normal task-related asymmetry after treatment 
than they did before nor from what baseline the 
medicated patients started. 

A pattern of transient, state-dependent abnormal 
asymmetry of cortical activation in newly hos- 
pitalized psychotic patients is consistent with re- 
sults reported by Wexler and Henninger (1979). 
Their study reported abnormal asymmetries of 
auditory perception during acute illness and 
normal patterns of asymmetry in the same patients 
after treatment. Such findings suggest the presence 
of unusual or inappropriate patterns of cortical 
activation in acute patients which affect perfor- 
mance on tests of hemisphericity rather than the 
presence of specific localized brain lesions. Deficits 
in cognitive performance associated with psychotic 
illness might then follow from inefficient or sub- 
optimal patterns of activation elicited by the task 
situation. 

Task performance continues to cloud the inter- 
pretation of all these studies. The performance 
score used in this report was an index of productiv- 
ity. However, subjects were not instructed to 
complete the task rapidly. Since the task was not 
difficult, subjects who performed slowly but with 
considerable care and attention might have scored 
lower than subjects who performed rapidly but 
sloppily. This may explain why there were no 
correlations between alpha asymmetry and perfor- 
mance scores in the normal controls. An ideal 
design would enable the isolation of EEG epochs 
corresponding only to times when subjects are 
performing correct behaviors. When attention 
wavered, task performance would be discontinuous 
and EEG would not be sampled. Such tasks opti- 
mized for verbal versus spatial processing have yet 
to be developed. 

In any case, our findings suggest that task- 
related anomalies of EEG lateralization are not 
persistent traits in schizophrenic patients. Although 
our sample was small, we were able to obtain 
robust task-related alpha asymmetry in schizo- 
phrenic patients who were clinically treated. The 
lack of such lateralization in the untreated group 
may have been a function of sample size or 
inadequate task engagement. Whether there are in 

fact reversible patterns of abnormal lateralization 
associated with acute psychotic disturbance is a 
question that must be addressed with larger samples 
and appropriate controls for task performance. 
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