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PSP 00174 

Event-related potentials and item recognition in depressed, 
schizophrenic and alcoholic patients 

Curt A. Sandman’,2, Robert Gemer3, James P. 0’Halloran2 and Robert kenhart 
’ State Developmental Research Institute, Fairview, Costa Mesa, CA 92626 (U.S.A.), ’ Departments of Psychiairy and Psychobiology, 

University of California, Irvine, CA 92717 (U.S.A.) and ’ Veterans Administration Hospital, Brentwood, CA (U.S.A.) 

(Accepted 4 June 1987) 
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Auditory event-related potentials (ERPs) to pure tones and performance on a measure of item recognition were compared in 20 
controls, 14 alcoholics, 20 depressed and 21 schizophrenic patients. Compared with normal controls, P2 and N2 were delayed and of 
diminished amplitude in the psychopathological groups. Increased amplitude of Pl in alcoholics, diminished Nl in depressed 
patients, increased latencies of Nl in schizophrenics and N2 in alcoholics were pathology-specific. Unusual patterns of response in 
the item recognition test (elevated intercept and flattened slope) and its relationship with ERPs distinguished the diagnostic groups 

from the controls. Support for the preferential involvement of the left hemisphere in schizophrenia and of the right hemisphere in 
depression was found. Disinhibition of CNS activity in the response of alcoholics (increased Pl and delayed P3) was indicated. The 
findings suggested that discriminant analysis of auditory ERPs to simple, pure tones, in conjunction with psychometric data 
significantly differentiated pathologic groups from each other and from controls. 

INTRODUCTION 

As described by Shagass et al. (1978), there are 
two major goals of event-related potential (ERP) 
research in psychopathology: (1) development of 
reliable, “objective diagnostic indicators” and (2) 
characterization of possible neurophysiological 
deficits associated with mental illness or cognitive 
deficits. Discovery of such physiological deficits 
may yield important information regarding risk 
factors for psychopathology and suggest ther- 
apeutic procedures. In reviewing previously pub- 
lished studies, Shagass et al. (1978) noted several 
brain ERP signs associated with specific psycho- 
pathological disorders. In general, however, these 
studies have suffered from several shortcomings 

Correspondence: C.A. Sandman, State Developmental Re- 
search Institute, Fairview, Box 5, 2501 Harbor Boulevard, 
Costa Mesa, CA 92626, U.S.A. 

which have limited their application and interpre- 
tation. For example, most previous ERP studies 
have compared separate psychopathologic groups 
only with normal controls, and as a result, infor- 
mation related to differential diagnosis has not 
been forthcoming. Second, few studies have re- 
lated ERP variables to established measures of 
cognitive integrity in these groups. Third, rarely is 
assessment of patients made during drug-free peri- 
ods. Fourth, auditory stimuli have been used less 
frequently with patients than electrocutaneous or 
visual stimulation. This is surprising since the 
auditory mode permits delivery of stimulation re- 
quiring only minimal compliance, a non-trivial 
factor when assessing patients evidencing psycho- 
pathology, and is sensitive to lateralized dif- 
ferences among groups (Connolly et al., 1985). 
Further shortcomings of ERP studies in psychopa- 
thology are due to the variety of testing proce- 
dures that have been applied, thereby contributing 
to difficulties in interpreting results accross stud- 
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ies. Tueting et al. (1984) have noted this “lack of 
equivalence between experimental protocol” and 
the problems it creates in establishing ERP/psy- 
chopathology relationships. The present study 
utilized perhaps the simplest possible stimuli, 
single frequency, repetitive tones, and did not 
require active responding by patients. While there 
have been previous auditory ERP studies, very few 
have relied on simple, pure tones as eliciting 
stimuli. Further, the present study did not require 
the elicitation of a performance-based long-latency 
component (e.g. P300), as this would introduce 
another level of complexity to the design and 
interpretation of the data, although previous stud- 
ies (e.g. Roth et al., 1980; Shagass et a1.,1978) have 
shown significant sensitivity of participation-based 
P300 responses in psychopathological groups. The 
advantages of this paradigm are its ease of appli- 
cation across subject groups and lack of task-re- 
lated behavioral demands required in P300-type 
studies. Thus, this simple procedure allows wave- 
form comparison across patient groups who may 
vary in their ability to comply with instructions. 

The present study was a preliminary assessment 
of the auditory ERP and item recognition para- 
digm in 4 groups of drug-free patients and a 
control group. The goal of this study was to 
determine if simple auditory stimuli, without the 
requirement of a behavioral response, could evoke 
pathology-specific brain electrical responses in pa- 
tients with well-defined psychopathology. In ad- 
dition, a cognitive assessment, the item recogni- 
tion test of Stemberg was administered, Results 
from the Sternberg item recognition (Sternberg, 
1967, 1969, 1975) are affected in one manner 
(intercept) by attentional processes and in a com- 
pletely different manner (slope) by memorial in- 
fluences. Thus, this task permits assessment of two 
critical processes in psychopathological groups. 

METHODS 

Subjects 
Right-handed subjects were identified using the 

Edinburgh Inventory (Oldfield, 1971) from a 
Veterans Administration psychiatric in-patient re- 
search ward and tested as part of the routine 

clinical evaluation. All patients were diagnosed by 
a psychiatrist according to DSM III criteria. 
Schizophrenics all had chronic schizophrenia and 
were of the disorganized or undifferentiated type. 
All schizophrenics previously had been chronically 
treated (< 6 months) with neuroleptics. None had 
significant concomitant medical or neurological 
disorders by physical exam or laboratory screen- 
ing. Bipolar and unipolar depressed patients had a 
major depression. Alcoholics had been hospital- 
ized continuously for 30 days for alcohol-depen- 
dence, and were documented to be free of alcohol 
or other drugs for 3 or more weeks prior to 
testing. These patients were receiving disulfiram 
250 mg/day as part of routine clinical manage- 
ment and did not have serious concomitant medi- 
cal disorders at the time of testing. The depressed 
and schizophrenic patients had been hospitalized 
and were medication-free for at least 7 days prior 
to testing (14 days for injection of prolixin), ex- 
cept for prior use of chloral hydrate for insomnia 
or agitation. Patients did not receive chloral hy- 
drate during the day of testing. Normal subjects 
denied the use of medications, drug abuse, or a 
history of mental or presence of physical dis- 
orders. (Demographic parameters are given for all 
subjects in Table 1.) Complete ERP data were 
collected from 75 patients and control subjects. 
Sixty-five of these subjects also completed the 
item recognition test. As is apparent from Table I, 
the subjects differed in age (F& = 6.85, P < 0.01) 
due to the younger age of the control group (psy- 

chopathological groups alone; F3,50 = 0.45, P > 
0.05). 

ERP procedure 
Subjects reclined in a comfortable chair while 

transducers were applied for recording EEG from 
each hemisphere of the brain. Grass Ag/Agcl cup 
electrodes were attached to the scalp overlying the 
right and left hemisphere of the brain according to 
the International lo-20 system. Monopolar place- 
ments at C, and C, were referenced to linked 
mastoids. The electrode sites were swabbed with 
acetone and the electrodes filled with Grass EEG 
creme and affixed to the scalp with non-flexible 
collodion. Pairs of electrodes with impedance of 
greater than 10,000 52 were replaced, although 
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TABLE 1 

Demographic characteristics of sample 

Number of subjects completing the item recognition test is given in parentheses. 

Affective disorder 

NOlWdS Alcoholics Bipolar Unipolar Schizophrenic 

*= 20 (17) 14 (11) 13 (13) 7 (6) 21 (18) 
Females 11 1 1 1 2 

age (years) 29.9 k 9.6 43.1 * 16.2 47.5 + 12.4 45.4 + 12.7 33.0 + 9.1 

impedance of less than 5000 d was achieved for 
nearly every subject. Most importantly, electrodes 
with differences between the left and right hemi- 
sphere of greater than 1000 52 were corrected. The 
EEG signal was amplified by a Nihon Kohden JE 
1OlA polygraph using AC preamplifiers with the 
low frequency filter set at 1 Hz and the high 
frequency filter set at 35 Hz. This could be ex- 
pected to attenuate the amplitude of slower com- 
ponents such as the P300, but long latency waves 
were not the focus of this study. The subjects were 
fitted with headphones (Senheiser HD 400) for 
pure tone (600 Hz), auditory stimulation (dB ad- 
justed from absolute threshold for each client), 
and were instructed to count the stimuli. This 
instruction was used simply as a means of di- 
recting the subject’s attention without requiring an 
overt response to each stimulus as it was pre- 
sented. This instruction resulted in small but visu- 
ally evident late component (P300) activity. All 
subjects were studied under eyes-closed conditions 
so that EOG contamination of data epochs was 
minimized. 

On-line averaging of the EEG by an Apple II 
computer interfaced with the amplifiers provided 
a refreshed, running average as well as the EEG 
sample from which the average was computed. 
The computer rejected all samples with ampli- 
tudes over 100 PV (positive or negative polarity). 
The ERP was analyzed by sampling the EEG at 
200 Hz for 640 ms. The 500-ms post-stimulus 
sampling period was zeroed by averaging the pre- 
ceding 140 ms (i.e. prestimulus) epoch. 

Fifty ERP’s to the tones were averaged for each 
subject. The latencies and peak-to-peak ampli- 
tudes (i.e. absolute differences) of the major com- 

ponents were identified. The entire ERP wave- 
forms, including the prestimulus segments, were 
evaluated by a trained technician to identify the 
prominent peaks within specific latency windows 
(Pl, 30-80 ms; Nl, 70-150 ms; P2, 130-250 ms; 
N2, 180-320 ms; P3, 250-600 ms). A semi-auto- 
mated scoring program displayed the ERP’s on a 
CRT and placed cursors at the points of greatest 
positivity and negativity. In this program, a spec- 
tral interpolation technique was applied for mea- 
surement of the latency of waveform peaks. The 
waveform was approximated as a sum of sinusoids 
(the Fourier coefficients) resulting in unlimited 
temporal resolution and accurately describing 
components comprised of frequencies up to 25 Hz 
(the Nyquist frequency). Latencies in this study 
were rounded off to 5 ms. 

Item recognition task 

The Sternberg item recognition task required 
the subject to memorize a target set composed of 
one, two or four digits. The target set appeared for 
0.8-1.2 s, depending on size of the target set, 
which varied on each trial, Subsequently, a warn- 
ing signal appeared followed by a single test digit 
embedded in a background of distracters (letters). 
The subject depressed one electronic switch if the 
test digit was a member of the memorized set and 
a second switch if it was not. One half of the test 
digits were members of the set and half were not. 

Ideally, reaction time (RT) is a linearly increas- 
ing function of the size of the memory set. Current 
models (Stemberg, 1975) posit that RT consists of 
(a) time needed to encode the test digit; (b) time 
needed to compare the test digit with the target 
set; and (c) time needed to select the response. 
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Attentional processes are reflected in (a) and (c) 
and appear as changes in the intercept. Memory is 
reflected in (b) and appears as changes in slope of 
the plot of set size versus RT. 

RESULTS 

Waveforms obtained using this paradigm ex- 
hibited typical, well-defined components with vis- 
ually apparent differences between groups (Fig. 
1). Although this paradigm was not designed to 
elicite a P3 component, a small, positive peak 
followed the N2 in these waveforms and will be 
referred to as P3 in the following discussion. 
Several analyses were conducted: (1) analysis of 
covariance; (2) discriminant function analysis; and 
(3) correlations of ERP with item recognition. 

Analysis of couariance (ANCOVA) - amplitude 

A relationship of age to the dependent varia- 
bles was tested with bivariate analysis. A signifi- 
cant linear effect only was measured between age 
and Nl. This is not surprising since age-related 
effects on the ERP typically are not apparent until 
after age 60 (Ford et al. 1979; 1982). Nevertheless, 
because of a significant group difference in age, a 
conservative covariance analysis is presented. 

A 5 (group) X 2 (hemisphere of the brain) 
ANCOVA (with age as covariate) was computed 
for measures of amplitude and latency. As pre- 
sented in Fig. 1, the major differences in ampli- 
tude among the groups were for P2 ( F4,69 = 3.29, 

P < 0.02 beta estimate -0.03) and N2 ( F4,69 = 
2.40, P < 0.05 beta estimate -0.01). Simple ef- 
fects tests indicated that the P2 differences were 
due primarily to the larger responses in normal 
subjects and the diminished response in schizoph- 
renics ( F,,39 = 7.88, P < 0.01). The significant ef- 
fect for N2 was related to larger responses of 
controls compared with Bipolar depressives F, 32 
= 7.94, P < 0.01). 

Amplitude changes in early components were 
most powerful in differentiating among the psy- 
chopathological groups. The amplitude of Pl was 
significantly greater in alcoholics compared with 
bipolar depressed patients ( FI,24 = 4.58, P < 0.04). 

Bipolar patients also had diminished Nl responses 
compared with schizophrenics. Thus, several mea- 
sures of ERP amplitude characterized the groups. 
A listing of discrete values of amplitude and 
latency for each of the 4 diagnostic groups is given 
in Table II. 

Latency 

Measures of component latency were highly 
significant in separating the diagnostic groups. 
The latency of P2 ( F4,69 = 4.42, P < 0.01 beta 
estimate 0.05) and N2 ( F4,69) = 3.04, P < 0.02 beta 
estimate 0.23) both were highly significant by 
analysis of covariance. The apparent difference in 
the latency of Nl overall was erased with covari- 
ante indicating that it was an age-related effect. 
However, pairwise analysis of covariance indi- 
cated that the normal groups had significantly 
shorter Nl (F1,J1 = 4.14, P < O.OS), P2 (F,,,, = 

5.56, P<O.O2), N2 (F,,,, = 7.86, P< O.Ol), and 

P3 (F, 31 = 4.53, P < 0.04) components than the 
alcoholic group. Normals differed from schizoph- 
renics in the latency of Nl ( F,,38 = 6.04, P < 0.02) 

and P2 (F,.,, = 9.98, P < O.Ol), but they did not 
differ on any latency measure from the affectively 
disordered patients. The alcoholics also had sig- 
nificantly longer N2 latencies than schizophrenics 

(F,,,, = 5.59, P < 0.02) and the depressed patients 

(4.24 = 4.86, P < 0.04). 
Although the overall analysis did not reveal 

signs of hemisphericity, 3 significant interactions 
between diagnosis and hemisphere of the brain 
were detected for pairwise covariance analyses 
and are presented in Fig. 2. In Fig. 2a, the lateral- 
ized difference between normals and schizoph- 
renics for the amplitude of Pl is illustrated. The 
greater right hemispheric amplitude in normals is 
contrasted with a greater left hemisphere ampli- 
tude in schizophrenics (F,,,, = 4.75, P < 0.04). The 
right hemispheric latency of Pl in affective pa- 
tients compared to alcoholics is presented in Fig. 

2b (4.X = 5.31, P < 0.03). Panel 2c contrasts the 
left hemispheric latency of Nl in schizophrenics 
with the right hemispheric latency in affective 
patients (F, 32 = 4.44, P < 0.04). Thus, although 
not compelling, evidence of laterality related to 
psychopathology is suggested. 
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GHT 
N- Normal 

A------ Alcoholic 

B--- Bipolar Disorder 

/\ 

S.-.-. Schizophrenic 

- 
LEFT 

1 
R I 

t 100 200 300 400 
t 100 200 300 400 

Stimulus psec Stimulus psec 

Fig. 1. Event-related potentials of the brain recorded over the left (C3) and right central hemispheres (C4) of normal volunteers, 

alcoholics, schizophrenics and bipolar depressed patients. 

Stepwise discriminant function analysis (S WDA) included all of the groups including the normal 
Data from 4 groups (unipolar patients were not controls. The second included only the patient 

used due to the small number of patients) were groups. As is evident in Table III and displayed in 
entered into SWDA to determine which variables Fig. 3, the groups were statistically distinct. Use of 
would best separate the diagnostic classes. Two a jack-knifing procedure demonstrated that a high 
comparative analyses were conducted. The first percentage of subjects/patients (39-65s) were ac- 

TABLE II 
Integer values of latency and amplitude for the major evoked potential components 

Normal 

Latency 

Cm) 

Amplitude 

(PV 

Alcoholic 

L.atency 

(ms) 

Amplitude 

(PV 

Bipolar 

Latency 

CmF) 

Amplitude 

(CLV 

Schizophrenic 

Lntency Amplitude 

W) CPU 

c3 
Pl 

Nl 
P2 

N2 

P3 

c4 
Pl 
Nl 
P2 
N2 
P3 

104 * 20 1.2 f 1.3 126 f 42 2.3 f 1.4 122 f 29 1.5 f 1.0 118 f 29 1.9 f 1.4 
145 f 16 4.8 + 4.3 164 f 33 3.9 f 2.0 161 k 20 3.0 * 1.4 164 k 17 4.3 k 2.5 
204 + 20 10.5 f 5.9 226 * 13 6.9 f 3.7 248 f 9 6.9 f 2.0 226 f 24 6.5 + 3.2 
282 + 36 11.6 + 5.3 313 f 21 9.9 k 2.3 305 + 27 9.8 f 1.9 3OOk27 9.0 i 3.8 
359 + 60 9.1 + 4.0 388 f 43 5.3 + 2.6 367 f 31 5.5 f 2.8 382 + 37 6.7 + 2.4 

104 + 23 1.8 k 1.3 112 * 37 2.2 k 1.6 127 f 24 1.1 f 0.7 118 f 30 1.6 k 1.5 
148 k 21 4.7 f 4.1 166 f 21 3.6 f 1.7 164 + 14 1.2 f 1.3 157 * 15 4.3 + 2.5 
207 + 21 11.4 f 5.8 224 + 12 7.8 f 2.9 216k 8 7.1 + 2.4 224 f 19 6.7 f 3.4 
283 f 36 13.6 f 4.0 323 f 20 10.6 f 3.5 305 * 13 10.0 + 3 296 f 21 9.3 f 3.9 
359 f 56 8.0 + 4.0 393 + 29 5.8 + 2.4 370 f 29 5.8 + 26 381 + 31 7.4 f 2.7 
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I 
Amplitude PI (a) 

4 
t 

_I 

3 
* 

Latency PI (b) _atency Nt 

180 

: 
; 160 

(c) 

Fig. 2. The amplitude of Pl (a). the latency of Pl (b) and the latency of Nl (c) are compared in the 4 groups for thr right and left 
hemisphere. The * indicates a significant (P i 0.05) interaction of group and hemisphere. 

TABLE III 

CIassificatron of subject groups using the ERP by stepwise discriminant function analysis, mzludmg the variable enterrng, their order and 

significances 

Jack-knifing percentages appear in parentheses; RH, right hemisphere; LH, left hemisphere. 

SAccurately 

classified 

Number of subjects accurately classified by analysis of the ERP 

Normals Alcohohcs Affective Schizophrenics 

Normals (65) 15 0 4 1 
Alcoholics (64) 1 9 2 2 
Affective (39) 1 3 I 2 
Schizophrenics (52) 3 4 2 12 

Variables entering (in order) F df 
Latency N2 RH 7.13 * 3,64 
Amplitude N2 RH 6.13 * 6,126 
Latency P2 LH 5.78 * 9,151 
Amplitude Pl LH 5.35 * 12,161 
Amplitude P3 RH 4.84 * 15,166 

Classification of the patient groups only 

Alcoholics (50) 
Affective (62) 
Schizophrenic (57) 

10 
2 
2 

3 
10 

4 

1 
1 

15 

Variables entering (in order) F df 
Latency N2 RH 8.93 * 2.45 
Amplitude Pl RH 5.56 * 4.88 
Amplitude Nl RH 5.23 * 6.86 
Amplitude P2 RH 4.99 * 8.84 
Amplitude P3 RH 4.49 * 10.82 

* P<O.Ol. 
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(b) N- Normal 

Lii 
a 1.6 

a 
0 

-0.9 

- 1.8 

-2 7 

A------ Alcoholic 

B--- Bipolar Disorder 

S .-.-.Schizophrenic 

-3.6 -. -2.4 -1.2 0 1.2 2.4 3.6 -4.6 -3.6 -2.4 -1.2 0 1.2 2.4 3.6 
CANONICAL VARIABLE I CANONICAL VARIABLE I 

Fig. 3. Results of the stepwise discriminant analyses are presented in (a) (all subjects) and (b) (patients groups). Each point represents 
an individual case in 2-dimensional, canonical (linear combination of variables) space. Unique clustering of the groups was 

statistically reliable (see Table II). 

curately classified (25% is chance in this analysis). 
The latency of the variables entering the equation 
was consistent with that found in the ANCOVA. 

Analysis of the psychopathological groups alone 
also indicated a high (50-62s) statistical sep- 
aration (33% is chance). Very few (1 each) of the 
alcoholics and depressed patients were misclassi- 
fied as schizophrenics. The schizophrenics classifi- 
cation was less homogenous. All of the variables 
entering the discriminant equation were from the 
right hemisphere. Inspection of the data indicated 
that in every case, compared with measures from 
the left hemisphere, measures from the right hemi- 
sphere were of lower amplitude for early compo- 
nents (Pl, Nl) and of longer latency for later 
components (P2, N2, P3). 

Item recognition 
The reaction time for each of the memory sets, 

the intercept and slope function were analyzed by 
analysis of covariance. As is evident from Fig. 4, 
the intercept values (and linear functions) varied 
radically for the 5 groups but failed to reach 
acceptable levels of significance ( F4,60 = 2.31, P < 

0.07). The variability among subjects, especially 
acute in the alcoholic group, restricted the power 
of parametric statistical tests. The intercept and 
slope are within acceptable ranges for the control 
group thus validating the procedures. The most 
unusual finding was the inverted function for al- 
coholics (slope of -44 ms/memory set) and the 
flat slope for schizophrenics. Surprisingly, both of 
these groups had faster reaction times for a mem- 
ory set of 2 than 4 (F&, = 4.47, P -z 0.01). 
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2550 r 

SET SIZE 

Fig. 4. Reaction times of the item recognition test for each 

group expressed as the intercept (ms) and slope (xy/2 - y). 

ERP and RT relationship 

Since ERP’s and RT’s in the item recognition 
test reflect different measures of neural efficiency, 
the relationship between these measures was ex- 
amined with bivariate analyses. For all subjects 
considered together, only latency of Pl (for left 
and right hemisphere) correlated significantly with 
RT’s for memory set 1, 2 and 4 and with the slope 
function (the range of r = 0.29-0.43, P < 0.05 with 
df = 64). This indicates that extended Pl latency 
was positively correlated with slower reaction time, 
suggesting that the peculiar patterns of RT ob- 
served in the patients may have neurophysiologi- 
cal substrates manifested in the early states of 
information processing (i.e. prior to long latency 
components). 

Correlational matrices were also constructed 
for each group separately. The normal group dis- 
played a positive relationship (0.47; 0.47, P < 0.05) 
between the latency of P3 (in both hemispheres) 
and RT in the item recognition task even though 
the two measures were taken sequentially. The 
slope of RT was positively (0.47, P < 0.05) related 
to the latency of Pl and negatively (- 0.52, P < 

0.05) related to amplitude of Nl. In contrast, 
alcoholics had significant negative relationships 
between the latency of P3 (only in the right hemi- 

sphere) and RT for each of the memory sets (1 
[ - 0.641, 2 [ - 0.741 and 4 [ - 0.661, all P < 0.05). 
Longer P3’s were related to faster reaction times, 
in direct contrast with the normal controls. The 
exceedingly delayed RT’s for alcoholics may have 
accounted for the inverted relationship. 

The bipolar group displayed another distinctive 
pattern also localized in the right hemisphere. The 
amplitude of P2 was positively related to RT for 
memory set 1 (0.56) 2 (0.66) and 4 (0.84, P < 0.05). 
The remarkable stability of this relationship across 
all memory sets argues for its validity. The 0.84 
correlation between P2 amplitude and set 4 RT is 
unusually high. The amplitude of P3 with set 1 
(0.64) and set 2 (0.54) was also significant and 
underscores the amplitude-specific relationships of 
the ERP with RT in affective disorders. There 
were no predictable relationships between ERP 
variables and RT apparent for the schizophrenic 
patients. 

DISCUSSION 

The results of this study indicated that, com- 
pared with normals, patients with bipolar affective 
disorders, schizophrenia or alcoholism evidenced 
severe compromises on ERP and RT measures of 
neural efficiency. Later components (P2 and N2) 
of the ERP especially were delayed and were of 
diminished amplitude in the psychopathological 
groups. 

The powerful discrimination among groups with 
the ERP in SWDA indicated that the amplitude 
and latency of waveform components, specifically 
in the right hemisphere, distinguished psychopath- 
ological classes from normals. Somewhat less dis- 
crimination was achieved by removing the control 
group, but significant discrimination was still ob- 
served. Of considerable interest in the analysis of 
the psychopathological groups was the exclusive 
contribution of measures from the right hemi- 
sphere in the 5-step analysis. The latency of N2, 
also the first variable to load for the contrast with 
the control group, combined with amplitude of Pl, 
Nl, P2, and P3 to separate, statistically, the groups. 
Thus, pathognomic signs of schizophrenia, depres- 
sion or alcoholism may be detected in the right 
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hemisphere and be extracted by careful analysis. 
The result of diminished amplitude of later 

components in schizophrenics is consistent with 
earlier reports (Baribeau-Braum et al., 1983; 
Shagass et al., 1977). However, Kadobayashi et al. 
(1977) reported that in their sample of Japanese 
schizophrenics, ERP amplitude was increased 
compared to normals except after a cognitive chal- 
lenge. Whether or not cultural differences account 
for this finding is unknown. There was a trend, 
apparent in Fig. 1, indicating diminished ampli- 
tude for Nl, a relatively invariant component 
across stimulus parameters (Davis et al., 1980) 
perhaps, suggesting that overall, the schizoph- 
renics had dampened ERPs. Typically schizoph- 
renics have diminished Nl in paradigms designed 
to elicit it (Davis et al., 1980; Buchsbaum, 1979b; 
Shagass et al., 1977; Baribeau-Braum et al., 1983). 

The results of the cognitive test, coupled with 
delayed latencies of Nl and P2, reflected difficul- 
ties of encoding, response selection and memory 
in the schizophrenic group. These findings with a 
simple paradigm complement the elegant study of 
Baribeau-Braum et al. (1983) suggesting that 
schizophrenics suffer cognitive deficits related to 
both stimulus and response selection. Further, the 
present results suggested that these deficits are 
detectable in ERP procedures requiring only ‘re- 
flexive’ responses of the nervous system. 

Typically, patients with affective disorders have 
ERPs larger or as large as normal controls (Buchs- 
baum, 1979a). Even though Fig. 1 suggested sig- 
nificant differences in the ERP compared with 
controls, only amplitude of N2 reached acceptable 
levels of significance. These findings are not in- 
consistent with the results of the item recognition 
test as only small differences in the slope and 
intercept distinguished the affective patients from 
normals. 

The findings in alcoholics of delayed latencies 
and diminished amplitudes were consistent with 
the literature (Porjesz et al., 1982). Of special 
interest however, was the pattern of differences 
between alcoholics and the depressed group. The 
differences of laterality mentioned above were 
supplemented by delayed P2 and N2 and in- 
creased amplitude of Pl in the alcoholics. In view 
of the extremely deficient cognitive performance, 

the ‘hyper-responsive’ Pl may reflect an alcohol- 
induced disinhibition of nervous system activity. 
The functional result may be a continuous orient- 
ing response and the inability to extract relevant 
information from the environment. 

Further clues of differential diagnosis were pro- 
vided by the relationship between brain activity 
and cognitive performance. Even with the succes- 
sive task presentation, the normal subjects dis- 
played the usual pattern of a positive relationship 
between the latency of ERP (especially late) com- 
ponents with RT (Marsh, 1975; Ford et al., 1979; 
Ford et al., 1982). The affective patients evidenced 
remarkably high positive relationships between late 
ERP component (N2 and P3) amplitudes and RT. 
However, only measures from the right hemi- 
sphere reached statistical significance. Affective 
patients with large responses tended to have longer 
RT’s. Thus, behavioral depression (long RT’s) may 
have trait-like relationships to measures of proc- 
essing depth or cognitive capacity. 

The pattern in alcoholics is the most curious. 
Of greatest interest is the consistent (for all RT’s) 
negative relationship of P3 latency to RT. Al- 
coholic patients with delayed P3’s had the fastest 
RT’s. This effect is opposite to that seen in nor- 
mals. The finding that alcoholics had extremely 
delayed RT’s complicated the interpretation be- 
cause it suggested inefficient coupling of encoding 
and response sequences. For instance, if, as sug- 
gested earlier, alcoholism disinhibits the nervous 
system (increased Pl amplitude), late components 
may reflect non-task-relevant responses. Thus, the 
P3 response in alcoholics may be simply a reso- 
nantly coupled reflection of Pl. As such it may be 
driven by the physical parameters of the stimulus 
and reflect no information about cognitive pro- 
cess. In any case, a potentially useful model for 
testing brain and information theory may be gen- 
erated. 

Luterality and psychopathology 
Several studies (Pert-is, 1974; Buchsbaum, 

1979b; Gruzelier, 1984; Connolly et al., 1985) 
have suggested that schizophrenia may have a 
lateralized representation focused in the left hemi- 
sphere. In the present study, the greater left hemi- 
spheric amplitude of the Pl response of schizoph- 
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renics was contrasted with the greater right hemi- 
spheric amplitude of Pl in normals. Thus, a very 
early laterahzed attentional/perceptual response 
in schizophrenics may reflect disruption of the 
selective attentional mechanisms specifically inter- 
fering with stimulus set attention (Picton et al., 
1974; Picton and Hillyard, 1974; Baribeau-Braum 
et al., 1983; Connolly et al., 1985). Even in the 
simple task used in the present study, neurophysi- 
ological support for lateralized disregulation in 
schizophrenic patients was evident. 

The speculation that schizophrenia is a disease 
of the left hemisphere and affective disorders are a 
disease of the right hemisphere (Gruzelier, 1984) 
received partial support. Contrasted with the 
nearly symmetrical responses in normals, affective 
patients had shorter latency Nl responses in the 
left hemisphere and longer in the right. The op- 
posite pattern was apparent in the schizophrenics 
(Fig. 2b). This result is contrasted with the nearly 
symmetrical response in normals. A similar effect 
in affective patients was observed in the latency 
measures of Pl recorded in the left hemisphere. 
The perfectly symmetrical response of the controls 
and the nearly symmetrical response in schizoph- 
renics is consistent with a right hemisphere “defi- 
cit” in the affective group and the left hemispheric 
delay in alcoholics. Thus, pathology-specific ERP 
effects emerged both from comparison with con- 
trol subjects and with other diagnostic classes. 

Limitations 
The limitations of these findings are acknowl- 

edged. A consistent, meaningful drug-free interval 
for all subjects is a problem. Since many schi- 
zophrenics have been treated with neuroleptics 
with a biological half-life measured in months 
(even though drug half-life may only be days), and 
since it is difficult to test true schizophrenics who 
had been drug-free for weeks and in many settings 
it may be considered unethical to do so, most 
ERP/cognitive studies will be influenced by the 
recent or remote effects of neuroleptics. This does 
not mean such data are not useful (see Small, 
1983). Furthermore, the report of Baribeau-Braum 
et al. (1983) indicated no major effects of neuro- 
leptics on brain potentials of the latencies re- 
ported here. 

Alcoholic patients raise similar issues. Certainly 
acute withdrawal phases may change the ERP and 
a completely controlled environment is the only 
way to be assured that the patients are not drink- 
ing. Our alcohol program lasted 30 days and pa- 
tients were tested during the last week. Use of 
disulfiram ensures they are not drinking (an im- 
portant issue) but also may produce a drug effect. 
However, Reilly et al. (1983) and Kelley and Re- 
illy (1983) reported only a slight change in P80 in 
older alcoholics taking Antabuse. 

Patterns of brain and cognitive activity dif- 
ferentiated normal subjects from schizophrenics, 
depressed and alcoholic patients. Several classi- 
cally described differences were observed as well 
as new relationships. These data are considered a 
preliminary probe into the information processing 
capacity of psychopathological groups and may 
serve as a calibrator for future, more sophisticated 
studies of higher cognitive function in these groups. 
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