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Event-related potentials (ERPs) were recorded from midline (Fz, Cz, Pz) and lateral sites (F3, Fe1 Px. P4) in autistic children 

(n = 7) and age-matched controls (n = 9) on an auditory choice reaction time task. Subjects were asked to press a button to an 

infrequent target (500 Hz, P = 0.14) and to ignore higher pitched infrequent (2000 Hz, P = 0.14) and frequent (1000 Hz) non-targets. 

Autistic subjects made twice as many errors of omission as controls and showed a higher criterion (beta) for targets. Maximum ERP 

peak amplitudes showed a more varied scalp distribution in the autistic group. Nl latencies were consistently shorter in the autistic 

group and in 3 subjects the target P3 latencies were markedly longer than for the controls. Compared to controls, the Nl amplitude 

of the autistic response was larger to the rare stimuli (particularly to non-targets). The amplitude of the P3 component was smaller in 

the autistic group (particularly to the target). The stimuli were also presented in a passive condition requiring no response. After 

subtraction of the waveform obtained in the passive condition from that obtained in the active condition or subtraction of tlie 

waveform elicited by the rare non-target from that elicited by the target, Nl target amplitude was larger in control than in autistic 

children. Autistic subjects showed more early negativity to the rare non-target at left frontal and a larger P3 to the target at right 

parietal sites. ERPs of autistic children are more responsive to stimulus features (e.g. high/rare non-target tone) and less responsive 

to their associations or meaningfulness (e.g. target P3). Attention-related ERPs of autistic children show signs of precocious (right 

dominance for P3) and delayed development (P3 not maximal at parietal sites). 

INTRODUCTION 

The syndrome of childhood autism, with a re- 
ported incidence of 5 in 10,000 (Ritvo and Free- 
man, 1978) can cover a wide range of disturbed 
abilities. These include sensory modulation and 
motility, comprehension and delivery of communi- 
cation, relating to objects and to people (Kanner, 
1943; Ornitz, 1985). 

About 75% of autistic children may be mentally 
retarded (Rutter, 1983) Their cognitive problems 
range from amnesia, reminiscent of temporal lobe 
dysfunction (Boucher and Warrington, 1976; 
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Boucher, 1981; Hetzler and Griffin, 1981) to diffi- 
culties with attention-demanding discriminations 
(Frankel et al., 1984; Miyashita, 1985; Damasio, 
1984). 

Investigations into the potential biological bases 
of dysfunction have not proved conclusive. A few 
cases of diffuse cerebral abnormalities have been 
found on autopsy (Williams et al., 1980; Bauman 
and Kemper, 1984) or with tomographic scans 
(Damasio et al., 1980; Campbell et al., 1982). 
Some evidence of partial cerebellar atrophy in 
non-retarded subjects has recently been found with 
the technique of nuclear magnetic imaging 
(Courchesne et al., 1987; personal communication 
June 1987). But it is not yet clear if these findings 
can be generalised. 

Electrophysiological studies have produced 
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contradictory results. But there is some evidence 
for ‘hypervigilance’ from the incidence of high 
frequency EEG (Hutt et al., 1965; Hermelin and 
O’Connor, 1970; Simeon and Itil, 1975) and a 
tendency for more abnormalities to appear in re- 
cordings from the left hemisphere (Tanguay. 1975; 
Dawson et al., 1982; Tsai and Stewart, 1982). 

Perhaps the most productive line of investiga- 
tion has been that into event-related potentials 
(ERPs). With adult subjects, the size of an early 
negative component (Nl) has been related to 
stimulus deviance (Hink et al., 1978) or a mis- 
match with expectation (Naatanen et al., 1982). 
whereas that of a later positive component (P3) 
varies as a function of the probability of occur- 
rence of a task-relevant event (Duncan-Johnson 
and Donchin, 1977). P3 latency increases with 
task difficulty (McCarthy and Donchin, 1976). 

In normal children, ERP latencies are usually 
longer than in adults (Goodin et al., 1978; Halli- 
day et al., 1984). Shorter latencies than normal 
have been reported for auditory and visual Pl. 
Nl. P2 and P3 components in autistic children 
(Small, 1971; Saletu et al., 1975; Martineau et al., 
1984a; Courchesne et al., 1984, 1985). In a variety 
of situations Nl and P3 amplitudes are often 
smaller than in healthy control children (Small et 
al., 1969; Small, 1971; Ornitz et al., 1972; Lelord 
et al.. 1973; Novick et al.. 1980; Niwa et al., 1983; 
Martineau et al., 1984b; Courchesne et al., 1984; 
1985). Although reduced P3 amplitudes have been 
recorded for autistic children in no-task situations 
whether the stimuli were novel (Courchesne et al., 
1984) or not (Niwa et al., 1983) increased P3 
amplitudes are reported after non-target stimuli in 
an auditory two-tone discrimination (August et 
al.. 1984). 

We proposed to extend previous work by com- 
paring features of a number of ERPs in an atten- 
tion-demanding 3-tone auditory choice reaction 
time task (ACRT: Pfefferbaum et al., 1984). In 
particular we were interested to see if autistic 
subjects showed differential ERP responses to rare 

stimuli (target and non-target). Further, in the 
absence of reports of ERPs from lateral recording 
sites, we studied the distribution of changes over 
lateral frontal and parietal sites. We hoped this 
would throw light on the development of regional 

function, where the autistic nervous system is said 
to show impaired development (Ornitz. 1985). We 
compared a group of healthy children matched for 
age and sex with a small group of autistic children 
(on placebo) studied in a clinical trial of fenf- 
luramine (Stern et al., submitted). 

METHODS 

Subjects 

Seven autistic children diagnosed by a psychi- 
atrist, paediatrician and psychologist according to 
DSM III criteria of the American Psychiatric As- 
sociation and 9 normal healthy control subjects 
were matched for chronological age. Four other 
autistic children were tested from a pool of 21, but 
they did not produce enough data for analysis. Of 
13 healthy children examined, 7 were selected 
whose age came within 7 months of an autistic 
subject and the mean for the group did not exceed 
that for the autistic group. Two further subjects 
were included whose ages partially offset the di- 
vergent verbal and non-verbal mental ages of two 
autistic subjects (see Table I). There was one 
female in each group. Attempts to match for 
mental age proved impracticable. All preferred to 
use their right hand. 

Reports from parents, children and clinicians 
indicated t;rat hearing was normal in all subjects. 
This was confirmed in some by pure tone audiom- 
etry. Others were non-compliant dnd hearing was 
estimated to be normal after ir,ipedance audiome- 
try and vocabulary tests. 

Psychometric assessment 
The Leiter and British Ability Scale (BAS) tests 

of intelligence were administered to both groups. 
The Leiter scale allowed autistic subjects a better 
chance of comprehension as the tests were pre- 
sented non-verbally. Thus autistic performance 
could be fairly compared with controls on the 
Leiter scale up to about age 15 years and was used 
to calculate I.Q. (Table I). The BAS is a general 
test of intelligence presented verbally and was 
used to calculate mental age. But it can be subdi- 
vided into verbal and non-verbal (visual) compo- 
nents. As an estimate of I.Q. in subjects of 15 
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years or more, the non-verbal component was 
used. As Wechsler scales are commonly used in 
the South Australian public education system, it 
was decided not to administer these tests in order 
to avoid a confounding learning effect. In con- 
trast, the BAS has rarely and the Leiter scale has 
never been used here before. 

General procedure 
The laboratory was visited by children with 

their parents or guardians and all tests were con- 
ducted in the morning according to a protocol 
approved by the Flinders Medical Centre Clinical 
Investigations Ethics Committee. A familiariza- 
tion visit was followed by another on which ERP 
recordings were made. During task presentation 
subjects sat in a sound-attenuated room under 
subdued lighting and were asked to look at a point 
in front of them during the ACRT task. 

ACRT 
The auditory paradigm is adapted from Pfeffer- 

baum et al. (1984). Computer-generated pseudo- 
random sequences of 3 pure tones with different 
frequencies and probabilities of occurrence (500 
Hz, P 0.14; 1000 Hz, P 0.72; 2000 Hz, P 0.14) 
were played through Telephonic earphones (TDH- 
49P) at 50 dBSL (SL default value 20 dB) against 
a background of white noise at 20 dB above 
threshold (intertrial interval min. 500 ms; max. 
1300 ms). The two rare tones could not occur in 
succession. The tones lasted 100 ms (10 ms rise/l0 
ms fall). 

Tones were presented in 140-trial blocks lasting 
about 4 min in passive and active conditions. In 
the passive condition, subjects were asked to listen 
to the tones and keep still. In the active condition 
subjects were asked to press a button with the 
right hand to each low tone (n = 20). The button 
(a microswitch) was located on a response panel 
and required a pressure of 100 g for operation. In 
addition to the ERP, the reaction time, errors of 
omission and commission (d’ and beta), the num- 
ber of trials accepted and those rejected through 
artifact, slow or fast responses were recorded (Fig. 

I). 
A passive session was presented before and 

after the active sessions to control for (1) stimulus 
features of the ERP to the target tone, (2) lasting 
effects of learning acquired during the active ses- 
sion. As the latter were not apparent they will not 
be discussed further. Three active trial blocks were 
presented with short rest pauses between. Training 
and practice was required between the first passive 
block and the active blocks. The instructions em- 
phasised, in order of importance, keeping still, 
accuracy and speed. 

Duta ucquisition and recording procedures 
Electroencephalographic activity was recorded 

from tin electrodes located in midline frontal (Fz), 
central (Cz) and parietal (Pz) and from lateral 
sites (F,, F4, Pj, P4). A vertical electro-oculogram 
was recorded from an electrode close to the 
supraorbital ridge of the right eye. An electrode 
cap (ACI, Electrocap International) was used. 
Subjects were grounded with an electrode on the 
forehead and all activity referenced to linked 
earlobes. Electrode impedances ranged from less 
than 3 to a maximum of 6 kohm. 

Grass P511 K amplifiers with an upper and 
lower half-amplitude cut-off of 30 and 0.01 Hz, 
respectively, and a 50-Hz notch filter were used at 
an EEG amplification of 5 X lo4 (EOG, 5 x 10’). 
Data, managed on-line by an LSI 11/73 com- 
puter, were digitized at a sample rate of 1 ms for 1 
s beginning 100 ms before stimulus onset. Trials 
on which the EEG was contaminated by move- 
ment artifact were eliminated if one in ten samples 
exceeded threshold (+ 90 pV>. 

Data analysis 
All peak measures (latency, amplitude and area) 

were computed from voltages averaged with 
respect to the 100 ms prestimulus epoch for each 
tone-stimulus condition separately. EEG wave- 
forms were digitally filtered ( - 3dB at 15 Hz, half 
amplitude 21 Hz). Peak negativity was sought in 
the following windows (ms, post-stimulus): Nl, 
120-240; N2, 240-400; Pl, 50-150; P2, 150-300; 
P3, 300-600; P4, 600-900; SW, 650-900 ms. (P3 
waves were taken as the more positive wave in the 
P3 or P4 window.) Early averaged negativity was 
also sought (O-400 ms). 

Individual subjects were averaged and grand 
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mean data were analysed. Firstly the distribution 
of Nl. P2 and P3 peak maxima between the three 
midline recording sites was investigated (Table II). 
Subsequent analysis for these waves was carried 
out at frontal, central and parietal sites, respec- 
tively. In addition to baseline measures, two sub- 
traction procedures were performed. In the first 
the waveform elicited by the rare non-target was 
subtracted from that elicited by the target in the 
active condition: in the second the waveform 
elicited by the low (‘target’) stimulus in the pas- 
sive condition, where no response was required, 
was subtracted from that elicited by the target in 
the active condition. The early negativity arising 
from similar procedures has been termed mis- 
match and processing negativity. respectively 
(Naatanen and Michie, 1979; Naatanen et al., 

1982). 
Unless otherwise stated, analysis of ERP com- 

ponents was performed using a multivariate, re- 
peated measures analysis of variance with and 
without covariates for chronological age and I.Q. 

Chrono- 1. Q. 
logical/ up Lerter 

(months) vcule (Lerter) CBA S) 

Autistic subjects 1 

2 

212 (98) * 
69 69 

96 136 

141 87 

116 139 

177 9x 

139 46 

69 

90 

123 

94 

156 

65 

191 

54 

112 

91 

115 

157 

61 

Mean/median 136/139 90/94 

Control subject5 15 135 121 

16 148 104 

17 182 (121) * 

18 95 141 

19 83 135 

21 6X 137 

22 107 142 

23 176 123 

24 205 (87) * 

112/115 

163 

154 

115/107 

133 

112 

93 

151 

212 

151 

166 

235 

115 

98 

94 

136 

20x 

175 

Mean/median 113/135 123,‘123 * * 141/151 153/151 

followed by post-hoc Tukey tests (two-tailed). Be- 
havioural and derived measures were analysed by 
paired t-tests for related samples. Pearson correla- 
tion coefficients for I.Q. were also calculated. 

RESULTS 

Shject.5 
Chronological age, mental age and I.Q. values 

are shown for individual subjects in Table I. Whilst 
the matching for chronological age between groups 
was confirmed, the I.Q. of the autistic subjects 
was lower than that for the controls (t = - 2.45. 
P < 0.04). 

Tusk performmce 
Control reaction times were slightly longer than 

in the autistic group (592 (S.E.M. 20) vs 557 
(S.E.M. 33) ms; P < 0.05). I.Q. correlated more 
with the reaction times of autistic (0.94; P < 0.005) 
than that of control children (0.6; P -C 0.09). 

Errors of omission were twice as numerous in 

* Based on British Ability Scale non-verbal rating: * * P CC 0.05 
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TABLE II 

Scalp datributron for maximum ERP peaks amplitudes: number of nutlst~c (A) and control(C) subjects with maxima a recordrng sites Fz, 

Cz and Pr 

Stimulus. 

site. 

Targel 

Fz CZ Pz 

Rare non-target Common non-target 

Fz CZ Pz Fz CZ Pz 

Nl A 4 3 0 4 0 3 3 2 2 

C 9 0 0 2 0 7 5 1 3 

P2 A 2 3 2 1 5 1 1 5 1 

C 0 6 3 0 5 4 0 7 2 

P3 A 3 2 2 0 2 5 2 2 3 

C 0 2 7* 0 4 5 0 3 6 

* P3 maximum at Pz in Cs rather than more rostrally III As, P < 0.05 (Fisher test). 

the autistic group (36.2 (S.E.M. 11.8) vs 10.7 
(S.E.M. 2.0) t = 2.13; P < 0.037). There were too 
few errors of commission to justify separate analy- 
sis, (five autistic subjects scored < 1.5%). Signal 
detection measures showed that the major hif- 
ference in task performance between groups was 
represented by a higher criterion (beta) rather 
than a change of sensitivity (autistic, 11.9 vs con- 

trol, 6.7; t = 2.3; P < 0.03). For controls I.Q. cor- 
related with omission errors and beta (both 0.8; 
P < 0.01). This was not so for the autistic group 
(r = - 0.6; P < 0.2 and r = -0.5, P < 0.3 respec- 
tively). 

Distribution of ERP maxima 

For the control group, P3 maxima to all three 

FZ 
HIGH 

f 

- 
250 500 750 

- 
m 

LOY PZ 
LOW 

I . . . . . . . . . .., 

0 250 500 750 rnR 

250 500 750 ins 

/ . . . . ., ., . . , 
0 250 500 750 me 

Fig. 1. Grand mean wave forms elicited by the low (target stimulus) and high (rare non-target stimulus) recorded at Fz (two left-hand 

diagrams) and Pz (two right-hand diagrams) for autistic (thick trace) and control children (thin trace). 
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Nl P3 

-161 +32j 

r 

+4 L!... 

Stimulus T T-NT T-‘T’ 

Group A 0 C 
T T-NT T-‘T’ 

Fig. 2. The diagram shows Nl and P3 amplitudes (pV) elicited 

hy target stimuli (T) on the left of each figure for autistic (A) 

and control (C) subjects. From these values. the amplitude 

elicited by the rare non-target (NT) has been subtracted (centre 

of each figure). Component amplitudes resulting from presen- 

tation of the ‘target’ stimulus in the passive condition (where 

no button push was required) were subtracted from those 

elicited in the active condition on the right of the diagram 

(T-‘T’). (* P ~0.05). 

tones usually occurred at Pz. whereas P2 maxima 
usually occurred at the vertex. Nl components 
were clearly maximal frontally, except to the rare 
non-target tone where more subjects showed a Pz 
maximum (Table II). 

Autistic subjects showed a more varied distri- 
bution of amplitude maxima for all ERP compo- 
nents elicited by each tone. The distribution was 

most similar for autistic and control subjects for 
ERPs elicited by the frequent non-target. The 
distribution of Nl and P2 maxima elicited by the 
target was similar but slightly more diffuse. To the 
target. autistic subjects showed a tendency for the 
P3 component not to peak at Pz as in the control 
group (P < 0.05, Fisher test). 

Midline ERPS 

The acceptance rate for ERP data elicited by 
the target tones was not significantly different 
between the control (50%) and the autistic group 
(30%‘) (t = 1.4; P < 0.2). The rate of rejection 
through movement artifact was similar for both 
groups (36640%‘). There were no significant dif- 
ferences on measures of the N60, P2 and P2-N2 
components. 

Nf component. Nl latencies to all three stimuli 
were longer for controls (Table III). After covary- 
ing for age or I.Q.. there was a significant main 
effect of condition (df = 1.11, F = 4.6, P < 0.05). 

Post-hoc tests of the nominal data were not sig- 
nificant, but ranking the data showed a longer 
latency to frequent non-targets (U= 7; P < 0.05. 
2-tail). 

Nl amplitudes were larger in the autistic group 
after all stimuli, but this was particularly marked 
for rare non-targets and if the baseline to peak 
measure was replaced by the PI-N1 measure. 
Irrespective of covariate. there was a condition by 
measure interaction (df = 2.26, F = 4.2, P < 0.03; 
Fi g. 1). Post-hoc analysis showed a significantly 

ERP. Mt?USUlY 

Tone: 
Latmc:v (ms) Amp//rude (uI.) 

.YJ P-1 ,x1 P.j 

LOW Hqh COWlWKJll Low, High Comn1on LOW High COWWfl Lox, High Commorl 

Group 

Autistic 179 167 167 471 430 464 - 13.0 - 17.6 -- 10.0 15.6 9.5 5.4 

(S.E.M.) (6.7) (9.5) (3.4) (28.6) (26.4) (49.9) (3.1) (5.0) (2.5) (2.5) (2.5) (1.2 
Control 190 184 178 + 459 411 410 - 9.0 -4.3 * -5.1 33.6 * 11.x 6.0 

(S.E.M.) (7.3) (8.7) (11.4) (19.8) (21.3) (26.5) (2.0) (3.6) (2.4) (3.6) (4.2) (2.3) 

+ see text, “P < 0.05. 
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larger Nl in the autistic group was elicited by the 
rare non-target (no covariate) and by the target 

after covarying for age (P -c 0.05). For control 
subjects alone the target Nl amplitude correlated 
positively with I.Q. (0.85; P < 0.004). 

As the autistic response to non-targets was 
unusually large, we hypothesized that the larger 
target Nl amplitude might be attributable to fea- 
tures other than its being the target (e.g. rarity). 
Therefore we subtracted firstly the amplitude dif- 
ference between the two rare stimuli (T - NT) and 
secondly we substracted the amplitude difference 
elicited by the target in the active and the same 
tone in the passive conditions T - ‘T”). Disap- 

C 
‘F3 __ 
iF4 - 

-1 

I.‘- 
I 

pearance of the Nl after subtraction procedures 
would be consistent with our hypothesis. Residual 
target Nl amplitudes might reflect attention-re- 
lated processes or task difficulty. With the former 
procedure (T - NT), the Nl amplitude of control 
subjects was halved, but the larger negativity in 
the autistic group was removed altogether (Fig. 2: 
t = 1.91, P < 0.04). There was a negative correla- 
tion with IQ. for the autistic subjects (-0.9; 
P < 0.01). In the latter case (T - ‘T’), negativity in 
the control group was enhanced with respect to 
the reduced Nl amplitude shown by autistic sub- 
jects. But the result was not statistically significant 
(Fig. 2: t = 1.1; P < 0.14). This may be attributa- 

A 

ci 

Fig. 3. Grand mean waveforms elicited by the target stimulus recorded at lateral frontal (F,) and parietal sites (5) and right frontal 

(F,) and parietal sites (P4) in autistic (two left-hand diagrams) and control children (two right-hand diagrams). 
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ble to the large standard error of the data. 
P3 component. There were no significant dif- 

ferences of P3 latency between autistic and con- 
trol groups (Table 2). But three autistic subjects 
did show markedly longer latencies (500-600 ms). 

Analysis of P3 amplitudes showed a marked 
condition by measure interaction (df = 2.28, F = 
4.5. P < 0.02) irrespective of covariate. This was 
due to the target P3 amplitude of control subjects 
being more than twice that of the autistic group 
(P cc 0.05, Table II, Fig. 1). This difference re- 
mained after subtraction of the components 
elicited by the two rare stimuli (Fig. 2: t = -2.1. 
P < 0.03) but disappeared when the components 
elicited by the ‘target’ in the passive condition 
were subtracted from those elicited in the active 
condition (Fig. 2: t = -0.54, P < 0.6). There were 
no correlations of any P3 measure with I.Q. 

Slou’ waue (SW) components. After all stimuli, 
there were no significant differences of early aver- 
age negativity (SW], O-400 ms, Fz) or late average 
positivity (SW2, 650-900 ms, Pz), with or without 
subtraction procedures between autistic and con- 
trol subjects. 

Laterul ERPs 
After target and non-target stimuli, Nl latency 

was longer in the right hemisphere (F4) but the 
amplitude was larger over the left hemisphere (F,) 
in both subject groups (Table IV). However, after 
the rare non-target, early negativity (SWI; O-400 
ms) was larger in the left hemisphere for autistic 
and in the right hemisphere for control children. 

TABLE IV 

On analysis of variance this proved not significant 
(df = 3.36, F = 1.4, P < 0.25). We recently ob- 
served a significant change to similar values of 
SW1 as shown by the controls, in autistic children 
after treatment with fenfluramine. With this de- 
termining our null hypothesis, the current results 
reach l-tail significance (t = - 2.0: P < 0.04). 

Data for the P3 component were more variable. 
particularly in the autistic group. In contrast to 
Nl, the target P3 latency was longer in the left 
hemisphere ( P3) in controls. Whereas controls 
showed little lateralization for P3 amplitude, for 
autistic subjects the amplitude was larger after the 
target in the right hemisphere (P4) (Fig. 3; Table 
4). An analysis of variance did not prove signifi- 
cant, but. as above, paralleling the effects of fenf- 
luramine treatment in autism, P3 amplitude after 
the target was larger over the autistic right hemi- 
sphere (t = + 1.7. P -C 0.05 l-tail). To a lesser 
extent this was reflected in late positivity (SW2; 
650-900 ms; Table IV). 

DISCUSSION 

Autistic children. who were mildly retarded with 
respect to healthy control subjects, were overselec- 
tive in the performance of the ACRT. They showed 
increased omission errors and decreased reaction 
times. Whilst Nl latencies were shorter than in 
controls. P3 latencies were variable and often 
longer. Large Nl amplitudes were largely attribu- 
table to increased responsiveness of autistic sub- 

Rrcord.r from lateral ~‘ronrrrl (F) und Iurerul purirtul (I’) .sires of Iutetxv und mnplrtude of ecrr!r, rqyurrw (h’l trnd S Wl) and IUIL’ po.c,r~w 

ERPF (P3 and SW2) rhcired b_y turXer (T) and non-target (NT) rone.7 IS. E.M ) 

Positive values represent longer latency or larger amplitude over right hemisphere. negative valuer represent larger values wcr left 

hemisphere. 

SuhpTtr NI (Fi SW1 /F) P3 (PJ s w.? (P) 

T NT T .YT T NT T NT 

Autistic latency t3.3 (1.7) t4.6 (5.3) + I .6 (6.9) - 19.9 (33.1) 

Control latency +3.0 (3.1) + 3.0 (5.3) -4.9 (3.1) -8.7 (13.3) 

Autistic amplitude - 1.6 (3.4) -1.2 (1.0 +1.5 (4.1) - 3.9 (2.6) * + 5.3 (2.X) * -1.1 (2.3) +3.1 (2.5) + 1.5 (2.2) 

Control amplitude -1.7 (1.1) -2.1 (1.6) + 2.0 (3.6) + 2.2 (I .7) to.1 (1.6) +0.7 (1.8) -0.9(2.(I) +2.3(1.6) 
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jects to rare stimuli. Target-elicited P3 amplitudes 
in the autistic group were smaller. ERP maxima 
showed a more variable distribution in the autistic 
group. There was a tendency for autistic subjects 
to show more left frontal early negativity after 
non-targets and more right parietal late positivity 
after target stimuli. 

Tusk performance. Could the poorer perfor- 
mance of the autistic group on the ACRT be 
attributed to their being more impulsive? The 
slightly shorter reaction times shown by the autis- 
tic group might indicate that they were more 
impulsive. In adult populations, increased reaction 
time has often been associated with improved task 
performance. Indeed I.Q. correlated with reaction 
time in our study. However, in the near absence of 
errors of commission on the ACRT, the implica- 
tion of greater impulsivity seems unlikely to be an 
important factor. In this respect, the autistic group 
differs from children with attention deficit dis- 
order (Oades, 1987) who usually show low beta 
values and an improved performance is associated 
with increased beta. 

In controls, the rigidity of criterion (beta) was 
55% that of the autistic group. This implies that 
the autistic group was impaired in selectively at- 
tending to targets and recognizing them as 
meaningful stimuli. With increased rigidity of 

criterion, they appear to be overselective. Over- 
selectivity has been previously recognised as a 
problem in autistic children (Hermelin and 0’ 
Connor, 1970; Rutter, 1983; Miyashita, 1985). 
Emphasis should not be placed on signal detection 
measures based on highly discriminable tones. But, 
despite the frequency difference between stimuli, 
several potential subjects were unable to perform 
the discrimination. The number of omission errors 
shown by controls was 30% of that shown by the 
autistic group. Although this is consistent with an 
interpretation in terms of overselectivity, it is dif- 
ficult to rule out impaired concentration and vigi- 
lance in autistic children. 

The amount of movement artifact in the ERP 
recordings could be taken as an indirect index of 
motor activity (e.g. fidgetiness). It is of interest 
that the two groups of children showed the same 
degree of activity on this measure. Although motil- 
ity can be a factor in autism (see Introduction), it 

does not seem important in the relatively high 
functioning group studied here. Those with lower 
I.Q. are likely to show more motor disturbance 
(Stern et al., submitted). 

ERP topography. Clearly, there are differences 
in the distribution of ERP maxima over the scalp 
between the groups that probably reflect diffuse 
changes in the sites of generators for some but not 
all of the ERP components. The tendency for the 
P3 component of autistic subjects not to be maxi- 
mal at Pz could be taken as an indicator of 
impaired development (cf. Ornitz, 1985). But this 
should not be overemphasized as the control group 
did not show the same degree of lateralisation as 
autistic subjects of the parietal site (see below). 
Rather, the reverse argument, derived from re- 
ports of a ‘hypermature’ EEG in autistic subjects 
(Stevens and Milstein, 1970), may have relevance. 
Supporting this line of reasoning, we note that 
autistic subjects showed clearer frontal maxima 
for early negative components than the controls. 
The clearer frontal Nl and lateralised responses at 
parietal sites might reflect greater synchrony of 
neural activity within these two areas. Indeed a 
greater inter-regional synchrony has been re- 
sported for learning disabled children from re- 
cords of evoked potentials from 10 sites in three 
sensory modalities (Sutton et al., 1986). 

Midline ERPs. In autistic children, Nl latencies 
were usually shorter and P3 latencies longer to all 
stimuli. In some individuals the changes were 
marked. 

Two related questions should be asked about 
the early negative component. Is it an Nl wave 
and to what extent do endogenous (attention-re- 
lated) and exogenous (stimulus-related) features 
contribute to it? This component showed a late 
onset in both subject groups and for autistic sub- 
jects it was larger than usual (references in in- 
troduction). The latency is comparable to the 
N2b/mismatch negativity (e.g. Sams et al., 1986), 
which is said to reflect orientation to a stimulus 
deviating from the standard. However, its main 
contribution is to the second negative component 
of the ERP which in our subjects is probably seen 
at a latency of 300 ms. (As some subjects did not 
show a recognisable second negative component 
after standard stimuli, we could not perform a 
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meaningful analysis of ‘N2b’ after a subtraction 
procedure.) Thus we do not rule out a contribu- 

tion from the construct underlying the N2b, but 
the component is not the major one we describe as 
Nl (latency ca. 170 ms). 

With regard to latency, we also note that NC, 
which may be the first ERP to appear in develop- 
ment, has an appropriate onset latency (up to 250 
ms). It may provide a contribution to our recorded 
Nl amplitude, but it usually lasts longer and may 
have a greater influence on the wave forms we 
recorded after 450 ms (Courchesne et al., 1981). 
This difference may be a result of the different 
tasks used. NC is said to represent the focussing of 
attention on recent information analogous to 
NZt;inen’s (1982) frontal component of the 
processing negativity seen in adults (Courchesne 
et al., 1986). This supports our own interpretation 
of the residual negativity after subtracting wave- 
forms (see below). Indeed, the topographic distri- 
bution of the negativity remaining after subtrac- 
tion shows reduced potentials anteriorly in autistic 
subjects, but a similar magnitude to the controls 
posteriorly (unpublished data). This leads to the 
second question of exogenous versus endogenous 
influences on the ‘Nl’. 

Increased stimulus salience could have been an 
exogenous factor influencing the Nl of autistic 
children. We cannot entirely exclude this from our 
hearing controls. However our ‘Nl’ amplitude 
differences were not significant for standard 
stimuli or those passively presented. For autistic 
subjects, ‘Nl’ amplitudes were larger to both rare 
stimuli, whereas for controls there was no am- 
plitude difference to the rare or common non- 
target stimuli (cf. Table III). Rarity, however, may 
not be the critical feature for autistic children. The 
discrimination of tones separated by an octave can 
be more difficult than for tones with a smaller or 
larger separation (Born, personal communication). 
It might be that by asking a learning-disabled 
group of children to discriminate rare tones an 
octave apart, the task was made too difficult. 
Future studies should pay attention to this ques- 
tion. Nonetheless, from this study it is suggested 
that autistic subjects are sensitive to exogenous 
stimulus features. 

ERPs were recorded in conditions requiring a 

response to the low tone (active) and one requir- 
ing no response (passive). Subtraction of the ERPs 
elicited in the passive from those in the active 
presentation should show that proportion of the 
ERP relating to the significance of the target, 
separate from other features such as frequency, 
but, in contrast to the procedure of subtracting 
rare-non-target from target ERPs, controlling for 
pitch. Both subtraction procedures (T - ‘T’; T - 
NT) produced similar results for ‘Nl’. The result 
is reminiscent of the difference negativity (Nd) 
described by Hansen and Hillyard (1980). (But 
note that these authors did not vary frequency of 
stimulus presentation or interstimulus interval.) 
Nd has a later onset and lasts longer than Nl. Our 
variation of this measure contributed to the Nl 
component of healthy but not autistic children 
(Fig. 2). We conclude that, in contrast to exog- 
enous factors, the small endogenous component of 
the ‘Nl’ is much reduced in the autistic group. 

In the baseline-active condition, Nl amplitudes 
were larger to both rare stimuli, but particularly to 
the rare non-target. P3 amplitudes were smaller 
after target stimuli. As the Nl changes were cor- 
related with I.Q., but the P3 changes were not, we 
would predict that the former might be related to 
learning disability in general and the latter to the 
problems of autistic children in particular. 

This underreaction of autistic subjects to 
meaningful stimuli is confirmed by the smaller 
baseline P3 and the small amount of positivity 
remaining after subtraction of the ERP elicited by 
the rare non-target. This characteristic can also be 
seen after subtraction of ‘target’-ERPs, in the 
passive from the active condition (Fig. 2). But 
little or no meaning can be attached to the ab- 
solute P3 values in this situation as individual 
latencies varied 200-300 ms. Inspection of Fig. 3 
illustrates the point. It could be argued that the 
functional cerebral activity represented by the ‘P3’ 
component in the autistic group lies at one of 
several points after about 425 ms. Speculatively 
the extensive distribution of low levels of positiv- 
ity. both in time after a stimulus (Fig. 3) as well as 
between one target and two non-target stimuli 
(Fig. 1, Table IV), could reflect a lack of control 
in the allocation of capacity for late information 
processing. 



35 

Although other studies have used different re- 
cording and stimulus presentation procedures, 
their results support our basic finding that non- 
target auditory stimuli elicit larger P3 components 
in autistic than in normal children (Novick et al., 
1980; Niwa et al., 1983; August et al., 1984). 

Lateralised ERPs: Autistic subjects showed 
similar weak lateralization tendencies to the con- 
trol group with regard to early negative compo- 
nents, except that rare non-targets elicited left not 
right hemisphere activation as in controls. How- 
ever, whereas controls showed little lateralization 
for later positive components, the autistic group 
showed a right hemisphere activation. 

An increased early negative SW after the rare 
non-target could imply increased arousal or 
activation of the left hemisphere (Born et al., 
1986). That is to say the ‘mismatch’ of the rare 
non-target with expectation elicited more of a 
(negative-going) response (cf. N%lt;inen and 
Michie, 1979). As this was only in response to the 
non-target, this could mean that autistic children 
expended more effort to attend to and inhibit 
response to an irrelevant but salient stimulus (cf. 
Duncan-Johnson and Donchin, 1977). This effect 
might be exaggerated if autistic subjects were 
peculiarly sensitive to high tones. We are not 
aware of evidence to support this suggestion. The 
possibility could be addressed by counterbalanc- 
ing the tone-frequency of rare targets and non- 
targets. This was not included in the present pro- 
tocol as it was considered that consistency was 
preferable in such a small subject group. 

The target stimulus elicited a little more late 
positivity in the right hemisphere (P4) of autistic 
than control children. Even in the resting condi- 
tion, the EEG amplitude has recently been re- 
ported to be larger over right posterior sites in 
autistic children than in controls matched for 
chronological and mental age (Cantor et al., 1986). 
It is interesting that in a study of children at risk 
for schizophrenia, Friedman et al. (1986) found 
more late negativity in the high risk group, but in 
a range of subjects showing attentional deviation, 
they reported a large positive slow wave. Thus, 
although both the paradigm (continuous perfor- 
mance test) and the subjects were quite different, 
there may nonetheless be features, such as the 

nature of attentional dysfunction, that the groups 
have in common. 

Thus, we find some evidence for unusual 
activation in left and right hemispheres of autistic 
children. This result diverges from studies of very 
young autistic children with whom, paradoxically, 
an absence of the normal development of EEG 
lateralization in task performance (Dawson et al., 
1982, 1983) sleep (Ogawa et al., 1982) and an 
absence of normal lateralised ERP differences 
(Tanguay, 1975) have been reported. Our results 
indicate that there may be differences in both 
hemispheres. This argues against a specific latera- 
lised deficit. Rather, there appears to be dysjunc- 
tive coordination of cerebral activity between the 
two hemispheres with respect to earlier and later 
stages of information processing. A disturbance in 
the connections between brain regions has been 
postulated to underly the problems of learning- 
disabled children (Geschwind, 1965; Sevush and 
Heilman, 1984). Indeed less interhemipheric EEG 
coherence has been reported for such groups of 
children (Sklar et al., 1973; Montagu, 1975). It 
would probably be worthwhile recording such slow 
wave changes in future studies involving larger 
numbers of subjects than were available to us. 

Conclusions. We confirm that autistic children 
are unusually overselective. Their performance on 
the ACRT showed increased omission errors and 
a shorter reaction time. These seem to be related 
to factors measured by IQ. Shorter Nl latencies 
may be related to shorter reaction times in autistic 
children. But with several autistic children show- 
ing abnormally long P3 latencies there must be 
some decoupling in the cerebral processes indexed 
by these or intervening components. We attribute 
the larger Nl amplitude of autistic children to 
their responsiveness to features of rarity rather 
than salience or pitch. The small P3 component 
suggests that the autistic children have difficulty 
in attaching significance to the target stimuli. We 
postulate from the variability in the distribution of 
ERP maxima and the more negative left frontal 
and more positive right parietal potentials, that 
autistic children may have difficulty in coordinat- 
ing neural activity between distant sites both in 
the rostrocaudal and lateral dimensions. 

Our deductions are based on a very small sam- 
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ple of relatively high functioning autistic children. 
We included no learning -disabled control group. 
For these reasons it would be premature to gener- 
alise from our results. Nonetheless, despite the 
possibility that our autistic data, taken during the 
placebo-phase of a clinical trial, may show a 
‘placebo effect’, major differences in comparison 
with a control group were found. By recording 
early and later ERP components from a number 
of sites in an attention-demanding paradigm, we 
believe we have been able to describe the nature of 
the attention-related problems of our subjects more 
closely than has previously been attempted. It 
would be interesting to study the conflict autistic 
children have in resolving stimulus rarity from 
meaningfulness in more than one task, with larger 
numbers of subjects and with a learning control 
group. 
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