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Event-related brain potentials (ERPs) were recorded from young adult subjects as they 
silently read 160 different seven-word sentences, presented one word at a time. The sentences 

either ended normally or were completed by unexpected words that were either semantically 

inappropriate, physically deviant or both. These two types of deviations were associated with 

distinctly different ERP components - a late negative wave (N400) for semantic deviations and 

a late positive complex for physical deviations. A deviation along either one or these dimensions 
(semantic or physical) did not appear to alter the ERP effect of a concurrent deviation along 

the other. In addition, it was found that the ERPs elicited by the words during the reading con- 

dition were characterized by a left-greater-than-right asymmetry in a slow, positive component. 

This asymmetrical scalp distribution was most pronounced for right-handed subjects having no 

left-handers in their immediate family. 

1. Introduction 

Several types of event-related brain potentials (ERPs) are particularly sensitive to 
the occurrence of unexpected, surprising or discrepant stimuli (for reviews see Don- 
chin, Ritter and McCallum, 1978; Picton, Campbell, Baribeau-Braun and Proulx, 
1978; Sutton, 1979). These ERP components- are primarily endogenous and 
include a negative wave around 200-250 msec (the N2 or N200), a later positivity 
which typically peaks at 300-500 msec (the P3 or P300), and a prolonged ‘slow 
wave’ lasting several hundred msec (Squires, Squires and Hillyard, 1975). In the vast 
majority of experiments, the most prominent component of the ERP following un- 
expected stimuli has been a P300 wave having a parieto-central scalp distribution; 
accordingly, it has been proposed that the P300 may reflect the resolution of prior 
uncertainty (Sutton, Braren and Zubin, 1965; Ruchkin and Sutton, 1978) and the 
task-relevant surprise value of the stimulus (Donchin et al., 1978; Donchin, 1979). 

We have recently investigated ERPs to surprising events in a language context - 
the occurrence of absurd, semantically inappropriate words in otherwise meaning 
ful sentences (Kutas and Hillyard, 1980b). It turned out that incongruous words 
(such as ‘dog’ at the end of the sentence ‘I take coffee with cream and’) elicited a 
large negative wave (N400) which was not accompanied by any late positivity over 
and above that elicited by congruous words. In contrast, when an appropriate word 
was unexpectedly presented in oversize, bold-faced print during this silent reading 
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task, a later positive complex of waves was elicited (Kutas and Hillyard, 1980a), 
which was similar to the ERPs reported to other types of physically deviant visual 
stimuli (Courchesne, Courchesne and Hillyard, 1978; Friedman, Vaughan and 
Erlenmeyer-Kimling, 1978). 

In these previous studies, the divergent effects of semantic and physical incon- 
gruity on the ERP were observed in separate groups of subjects. The present experi- 
ment used a within-subjects design to find out whether both types of waveforms 
could be elicited in the same series of sentences, and, in particular, what would 
happen when a word was both semantically and physically deviant. Thus, the sub- 
jects were shown sentences that either ended normally or were completed by un- 
expected words that were either sem~tic~ly ~appropriate, physically deviant (too 
large), or both inappropriate and too large. This design a.lIowed us to explore 
whether the brain’s differential responses to semantic incongruity (the N400) and 
physical deviation (late positive complex) are mutually exclusive, interactive, or 
occur in parallel. 

Comparisons of recordings over Wernicke’s area and its right hemisphere homo- 
logue in a previous study (Kutas and Hillyard, 198Oa) revealed that the ERPs to the 
initial words in the sentences were asymmetrically distributed on the scalp, with the 
left hemisphere showing significantly more positivity in a very slow, late compo- 
nent. Furthermore, this lateral difference was not as prom~ent for the ERPs to 
either the warning stimuli or to isolated words. The present study allowed an evalu- 

ation of the reliability of these findings. 

2. Methods 

2.1. Subjects 

Fourteen young adults, eight male and six female, (age range 19-35, mean = 
23.6) were paid for participating in the experiment. Twelve of the subjects were 
right-handed according to self-report and as tested by the Edinburgh Inventory 
(Oldfield, 1971) and six of these had left-handers in their immediate family. The 
remaining two subjects were left-handed. None of the subjects had participated in 
prior ERP experiments. ~thou~ the general nature of the experiment was ex- 
plained to them, subjects were unaware of the specific hypotheses under investiga- 
tion. 

2.2. stkm.di 

Slides containing single words were back-projected onto a translucent screen. 
Each word was flashed for 100 msec under the control of an electronic shutter. The 
subjects sat 2.06 m from the screen, and the words subtended a vertical angle of 
either 0.89 or 2.64 deg for the standard (typewritten) and bold-faced (~s~ntype 
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No. L-1026) stimuli, respectively. The terminal words contained between three and 
nine letters and did not differ in length between congruous (5.15 letters) and incon- 
gruous (5.25 letters) words. The luminance of the background of these black-on- 
white slides ranged from 6.0 to 6.5 mL. Environmental sounds and clicks from the 
shutter were masked by white noise presented through headphones. 

2.3. Recording system 

The electroencephalogram (EEG) was recorded from five scalp sites, each 
referred to linked mastoids. Non-polarizable Beckman Ag-AgCl electrodes were 
placed at frontal (Fz), central (Cz), and parietal (Pz) midline locations and at two 
temporo-parietal sites (Wl and W2) situated laterally (by 30% of the interaural dis- 
tance) and posteriorly (by 12.5%) to the vertex. These latter placements were situ- 
ated approximately over Wernicke’s area and its right hemisphere homologue. Eye 
movements and blinks were monitored via an electrode placed on the lower orbital 
ridge, referred to linked mastoids. In addition, a bipolar, right supraorbital to 
external canthal montage was used to record lateral eye movements (L-EOG). 

The three midline and the lower eye derivations were amplified with Grass 7Pl 
preamplifiers. The system bandpass was d.c. to 40 Hz (half-amplitude cutoff). The 
bipolar L-EOG and the lateral scalp electrodes were amplified with Grass 7P5 pre- 
amplifiers (system bandpass down 3 dB at 0.15 and 150 Hz). 

The EEG, EOG, and stimulus trigger codes were recorded on an FM tape 
recorder. Analog to digital conversion and ERP averaging was performed by a PDP 
1 l/45 computer. A 1024 msec epoch of EEG data beginning 100 msec before the 
onset of each stimulus was analyzed at a sampling rate of 4 msec per point. 

2.4. Procedure 

Subjects were tested in one session that lasted 2; to 3 h while seated in a com- 

fortable reclining chair. They were informed that they would be presented with a 
series of simple, English sentences, one word at a time. Each sentence would be a 

grammatically correct, meaningful unit in itself and would not bear any relation to 
preceding or following sentences. Subjects were told that the sentences were simi- 
lar to one another in grammatical structure and that some might be very familiar. 
Their instructions were to read each of the sentences silently ‘in order to answer 
some questions about their contents at the end of the experiment’. 

The general timing sequence as well as a sample sentence of each type are pre- 
sented in fig. 1. The start of each sentence was signalled by a warning slide contain- 
ing XXXXX. This was followed 1 set later by the sequential presentation of the 
seven words at intervals of 1 set, the last of which was followed by a period to indi- 
cate sentence completion. After a 2 set delay the next sentence was presented, and 

so on. 
At the beginning of the session, subjects were exposed to 10 practice sentences 
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XXXXX IT WAS HIS FIRST DAY AT WORK 

Small /Incongruous 

XXXXX HE SPREAD THE WARM BREAD WITH SOCKS 

Large/Congruous 

XXXXX PLEASE GET THE FILE FROM THE CABINET. 

Large! Incongruous 

xxxxx I TAKE COFFEE WITH CREAM AN0 ENGINE. 

Fig. 1. Grand average ERP waveforms (across all subjects) rccordcd over caeh of the rour t)- pea 

of seven-word sentences. An example of each type of’ rcntuncc is slionn below, with vertical 

lines marking the word presentations. Recordings arc from I’z. 

with no ERPs being recorded. The practice trials were followed by 16 experimental 
series of 10 sentences each. Each sentence was completely different from and inde- 
pendent of the others. Of these 160 sentences, 100 were completed by a semanti- 
cally appropriate word in the same standard-sized type as the previous six words in 
the sentence (‘sma~~con~uous’), 20 were completed by a semantically inappro- 
priate word printed in this standard type (‘small~in~ong~ous’), 20 were completed 
by a semantically appropriate word printed in the large, bold-faced type (‘large/ 
congruous’) and 20 were completed by a semantically inappropriate word written 
in the large type (‘large/incongruous’). These four types of sentences were pre- 
sented in random order, so that the subject could not anticipate the type of ending. 
Each series of 10 sentences was followed by a 2-3 min break, with an 8-10 min 
rest given midway through the experiment. 
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Following the completion of all the sentences, the subject was asked to look at 
the screen where the word ‘station’ was flashed repeatedly for two runs of 80 pre- 
sentations each. For half of the subjects, the word was shown in standard-size type 
for the first run and in bold-face type for the second run. For the remaining sub- 
jects the order of these conditions was reversed. These repetitive control stimuli 
were given in order to elicit the ERP components specific to the physical charac- 
teristics of the word stimuli. The same word was repeated in order to minimize 
endogenous components associated with word meaning and semantic context. 

Following the ERP recordings, subjects were given a memory/recognition ques- 
tionnaire on the sentences. The test listed the first six words of 42 different sen- 
tences, 32 of which were selected from the sentences just seen and 10 of which 
were ‘new’ and not shown before. The subject’s task was to check whether each 
sentence was ‘old’ or ‘new’ and to fii in the word they remembered as ending each 
of the ‘old’ sentences. Of the 32 sentences seen before, 22 had ended with appro- 
priate words and 10 with semantically incongruous words. 

Then, for each of the 160 sentences, the subjects were asked to write the word 
which best completed the sentence. Finally, the subjects were shown a list of all 
160 of the complete sentences and were asked to rate each of the last words as to 
their unexpectedness on a seven-point scale. 

3. Results 

The waveforms in fig. 1 show the ERPs elicited during this silent reading task on 

a 8.4 set time base. A slow negative shift (the Contingent Negative Variation or 
CNV) is sustained throughout the sentence, upon which are superimposed the ERPs 

elicited by the individual words. Thus, the ERP to the final word in each sentence 
overlaps with the resolution of the CNV. 

Visual inspection of these waveforms indicated that the CNVs associated with 
each type of sentence were quite similar, but the ERPs to the final words were not. 

As reported previously, the semantically deviant seventh words were followed by a 
late negative component (N400), while the physically deviant, ‘large’ seventh words 
elicited a late positive complex of waves (P560), both of which were absent follow- 
ing the small, congruous seventh words. 

In these and the following comparisons among the ERPs to the four types of 
sentences, the averaged ERPs are based on 16-20 trials/subject.. 

3.1. Effect of semantic incongruity 

The effects of semantic and physical deviations are shown at higher resolution 
in the grand ‘average waveforms in fig. 2. Here, the individual effects of semantic 
and physical incongruity are illustrated by overlapping different pairs of the ERPs 
to the four types of endings. The top half of the figure shows the effect of semantic 
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A Semantic Deviation -1800: 

Small Words 

Large Words 
‘i 

:q+’ i , I I 
\ F.r.i4, 
‘$ “;,. .:; .,. ;~). ‘05 1.) y\ 

‘-.,,p 
B Physical Deviation 

Congruous Words 

w 

P560,‘~;& . ...,.._. / 

Incongruous Words 

Type of Word I% Occurance) 

- small /congruous (62.51 
---- small/incongruous 02.51 
......... large/congruous (12.51 
-.-.-. large/incongruous(l2.5) 

Fig. 2. Paired comparisons of the grand average ERPs (averaged across all subjects) elicited by 
the four types of seventh words and associated area measures of the differences. (a) in the top 
compafison, the ERPs elicited by the small congruent and incongruent seventh words are over- 
lapped. Similarly, in the lower comparison, the ERPs elicited by the large-sized congruent and 
incongruent words are superimposed. Recordings are from the vertex. (b) In the top compari- 
son, the ERPs elicited by the semantically appropriate small and large-sized words are over- 
lapped In the lower comparison, the ERPs elicited by the small and large-sized words when 
both were semantically incongruous are super~po~d. Recordings are from Pz. The area of the 
difference between the two ERPs in each of these comparisons is shaded between 300-600 
msec; the means and standard deviations for each of these values electrodes site are plotted in 
the bar graphs to the right of the ERPs. 

deviation for words presented in standard-sized (small) type as well as for the words 
presented in large type. Despite the obvious differences in the ERPs evoked by 
small and large words, the effects of semantic deviancy, as manifested in the differ- 
ence between the congruent and incongruent ERJ?s (shaded areas), appear quite 
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similar. In each case, the semantic anomaly is associated with a broad, monophasic 
negative wave, peaking between 400 to 500 msec (N400). 

The N400 was quantified as the average amplitude difference between the con- 
gruent and incongruent ERPs in the region 300-600 msec post-stimulus (shaded 
areas). The mean area of this ‘difference N400’ at each of the midline electrode 
locations is plotted to the right of the corresponding ERP comparisons; averaged 
across midline sites this area was significantly different from zero in the ERPs to 
boththesm~(t=3.81,df=13,p<0.01)andthelargewords(t=2.52,df=13, 

p < 0.02). 
A two-way repeated measures analysis of variance (ANOVA) of these areas cor- 

roborated the observation that the difference - N400 did not differ significantly in 
amplitude or scalp distribution as a function of the type style in which the incon- 
gruous word appeared. Further, this component was similar in amplitude across the 
three midline sites [F(2,26) = 2.58, for main effect of electrode site]. 

The unimportance of type size in the subject’s evaluations of the semantically 
anomalous words was also evident in their behavioral ratings of semantic incon- 
gruity made at the end of the experiment. Each of the last words was rated on a 
seven-point scale, where 1 was ‘expected’ and 7 was ‘totally unexpected’. The mean 
ratings of the congruous words were 1.40 + 0.06 and 1.84 f 0.12 for the standard 
and large-sized type, respectively. Each of these was significantly different (Mann- 
Whitney U, p < 0.001) from the mean ratings for the semantically incongruous 
words in standard sized (6.58 f 0.33) and large-sized type (6.78 f 0.07), but these 
latter ratings were not different from each other. 

Detailed waveform analysis 
The 300-600 msec area measure was chosen to be consistent with our previous 

report (Kutas and Hillyard, 1980b). However, careful inspection of the waveforms 
indicated that the effect of semantic deviation was evident as early as 200 msec 
post-stimulus, and that the anterior-posterior distribution of this effect was not 
constant throughout its duration. A two-way repeated measures ANOVA (scalp 
site X interval) of the area under successive 100 msec intervals of the difference 
N400 shown in fig. 3 established that there were significant changes in its ampli- 
tude and midline distribution between 200 and 600 msec post-stimulus. Whereas 
the negativity was fairly evenly distributed across midline sites in its initial (200- 
300 msec) and terminal (500-600 msec) phases, it was significantly larger over 
centro-parietal regions during its middle range near the peak (400-500 msec) 
[fl6,78) = 4.37, p < O.OOl]. 

An ANOVA of the area of the difference wave between (600-900 msec post- 
stimulus) demonstrated that there was no significant difference in the amount of 
later positivity between the semantically congruous and incongruous ERPs at any 
of the electrode ‘locations (see fig. 2a and fig. 3). This result corroborated our pre- 
vious observation (Kutas and Hillyard, 1980b) that the N400 was not merely a pre- 
cursor to a centro-parietal positivity such as the P300. 
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Frontal @&w 
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N400 

Poriefal WV% 

. 
- Congruous -?- 
- - incongruous I 

‘?r” 
I I I Iif. 
0 300 600 900 

msec 

Fig. 3. Comparison of the grand average ERPs (across all subjects) to the small, semantically 
congruent and incongruent seventh words at frontal, central and parietal sites. 

3.2. Effect of physical deviation 

The lower pairs of tracings in fig. 2 show the effect of physical deviation sepa- 
rately for the semantically congruous and incongruous last words. In’each case, an 
enhanced late positivity starting around 200 msec and lasting throughout the 
recording epoch was evident in the ERPs elicited by the large words relative to 
those elicited by standard-sized final words. The effect of physical deviation was 
also quantified as the area of the difference wave formed by subtracting the ERF’ to 
standard-sized words from the ERP to large-sized words in the region 300-600 
msec post-stylus. The means of these areas are depicted in the bar graphs to the 
right of the corresponding ERPs in fig, 2b. This area measure was significantly 
greater than zero at the central and parietal sites for both the congruous (parietal, 
t = 2.22, df = 13, p < 0.05) and incongruous (parietal, t = 6.84, df = 13, p < 0.01) 
seventh words, but not at the frontal site. 

A two-way ANOVA of this measure revealed that the effect of physical devia- 
tion on the ERP in this region was essentially the same whether the ehciting word 
was semantically appropriate or inappropriate. In addition, there was a significant 
main effect of electrode site [F(2,26) = 7.14, p < 0.0031, with greater positivity 
over parietal than frontal sites. The enhanced positivity to the physically deviant 
last words was also present in the 600-900 msec post-stimulus region (at all elec- 
trode sites p < 0.05). 



M. Kutas and .%A. IMlyard / ERPs and two ways to meet surprise 107 

3.3. Control stimuli 

The ERRS elicited by control presentations of a word in small-sized type (SC) 
and the same word in large type (LC) are compared at the each of the midline loca- 
tions in fig. 4. The change in word size primarily affected the amplitude of the P2 
component (latency 200 msec). The I’2 was larger over fronto-central areas and 

about twice as large for the LC than the SC words [F(l) 13) = 14.11, p < O.OOZ] s 
The enhanced late positivity associated with the large words when they occurred 

as deviations in the reading condition was not evident in the ERRS to the LC words. 
In fact, the ERR to the LC words showed a greater negativity than the ERF’ to the 
SC words in the latency range 300-600 msec, although this was not significant at 
any electrode location. Thus, the late positivity associated with the infrequent phy 
sical deviations could not be attributed solely to the change in the physical charac, 
teristics of the eliciting word. 

3.4. Comparison of ERPs over left and right hemispheres 

The ‘grand mean’ ERPs from the lateral electrode sites averaged across the 12 
right-handed subjects are depicted in fig. 5 (left). Left-handed subjects were 
excluded from this analysis. Left-right hemispheric comparisons are presented for 
the ERPs to the control words, the warning stimuli (WS), and to the first six words 

Frontal 

Central * 
~.?.b&.,.:, 

p200 

IIll II I,,+ 

--_.LC O 300 600 msec 

- SC 
Fig. 4. Comparison of the grand average ERPs (across all subjects) elicited by the repeated pre- 
sentations of the word ‘station’ in small, standard-sized (SC) and large-sized type. ERPs are 
averaged over SO-80 stimuli/subject. 
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in the sentences (averaged together) during the reading task. Visual inspection of 
these waveforms indicated that the left hemisphere was more positive than the right 
in the region 300-900 msec post-stimulus for the average of words 1-6. Similar 
trends were also evident in the ERPs to the control stimuli, although none of these 
reached significance. 

The left-right hemispheric difference averaged across words l-6 was quantified 
as the area of the region 400-700 post-stimulus, relative to a 90 msec pre-stimulus 
baseline. While the two hemispheres were significantly different when all the right- 
handers were included in this analysis (Wilcoxon matched pairs signed rank test 
N = 12, T = 13, p < 0.025; matched pair t-test t = 2.58, df = 11, p < 0.05) inspec- 
tion of the individual subjects’ waveforms revealed that the degree of left-right 
asymmetry was bimodally distributed in this group according to the subject’s 

All R.H. w/o L.H. Rels. w/ L.H. Rels. 

n I’ ns 

III II II III II II ,,I, II I 1; 

0 400 700 
- LEFT HEMISPHERE msec 
--- RIGHT HEMISPHERE 

Fig. 5. Comparisons of the grand average ERPs recorded over Wernicke’s area (solid line) and its 

right hemisphere homologue (dashed line) during the reading and control conditions for the 12 

right-handed subjects. The middle and right-hand columns represent the same data averaged 
according to whether the subjects did (N = 6) or did not (A’ = 6) have any left-handed relatives 

in their immediate family. Right-left comparisons are presented for the ERPs elicited by con- 

trol stimuli in large type (LC) and in standard-size type (SC), as well as by the warning stimulus 
(WS) and by words l-6 (averaged together) during sentence reading. Next to each pair of wave- 
forms is the resultant p-value for the matched pair t-test comparing the left-right areas in the 

400-700 msec region. 
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familial history of left-handedness. As shown in fig. 5, the right-handers with left- 
handed relatives showed greatly reduced ERF’ asymmetries for all stimuli. 

The extent to which the 400-700 msec area measure differed between the hemi- 

spheres was evaluated using matched pair t-tests. The left-greater-than-right positiv- 
ity to words 1-6 was significant only for the right-handers without left-handers in 
their family (t = 5.03, df = 5, p < 0.01). Further, when the degree of hemispheric 
asymmetry of the average of words l-6 was compared with that for the warning 
stimuli (which were not words), significant differences were obtained only for the 
right-handers without left-handers in their family (t = 3.10, df = 5, p < 0.05). 

The consistency of these lateral asymmetries during reading is seen in the ERPs 
elicited by each of the words in the sentence (fig. 6). The p-values next to the wave- 
forms are again based on matched pair f-tests comparing the right and left hemi- 
sphere areas. An ANOVA of these data with position in the sentence (l-6) and 

WORD All R.H.: w/o L.H. Rels. w/ L.H. Rels. 

- LEFT HEMISPHERE 

--- RIGHT HEMISPHERE 

0 400 700 
msec 

Fig. 6. Grand average ERPs from the left (Wernicke’s) and right temporo-parietal areas to each 

of the seven words in the sentences for all right-handers, and for those with and without 
sinistrals in their immediate family. Next to each ERP comparison is the resultant p-value for 
matched pair t-test comparing the areas between 400 and 700 msec post-stimulus. 
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laterahty of electrode as factors also revealed significant asymmetries when all 12 
right-handers [F(l, 11) = 6.70, p < 0.0251 or when only the right-handers without 
left-handed relatives [F(l) 5) = 25.37, p < 0.0041 were included in the analyses. 

Although the EWs of the right-handers with and without left-handed relatives 

appeared to be characterized by different degrees of left-right asymmetry, an 
ANOVA comparing the two groups did not yield a significant group by electrode 

interaction [F(l, 10) = 3.581. This failure to reach significance might well be a 
function of the small size of the two samples (n = 6) and the greater variability of 
the hemispheric asymmetry for the right-handers with left-handed relatives (s.d. = 
1498) as compared to that for the right-handers without left-handed relatives (s.d. = 

1267). 
Additional analyses of these data, however, tended to corroborate that the 

degree of ERP asymmetry was different in the two groups. All of the subjects with- 
out left-handed relatives had a significant left more positive than right asymmetry 

in the region 400-700 for each of the first six words in the sentence (that is, 36/36 
comparisons), whereas for the right-handed subjects with left-handed relatives only 
19 out of these 36 comparisons showed such an asymmetry. Further, a non-para- 
metric analysis of the area of the left minus right ERPs, averaged over words 1-6, 

revealed the two right-handed groups to differ marginally (Mann-Whitney U, 
p < 0.06). 

A. Small 
Incongruous 

B. Small 
Congruous 

Difference 
Waveform 

(A-B) 

-Left hemisphere ’ 
--- Right hemisphere 1- 

5ij” 

-+ 
0 300 600 

msec 

Fig. 7. The grand average ERPs (across 12 right-handed subjects) elicited by (a) semantically 
congruent and (b) incongruent seventh words in standardsize type, and the difference wave- 
form obtained by subtracting them. In each case, the ERPs recorded from homologous sites 
over the two hemispheres are superimposed. 
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3.5. N400 asymmetry 

We also examined the hemispheric asymmetry of the N400 component elicited 
by the standard-sized congruous and incongruous seventh words in the 12 right- 
handed subjects (fig. 7). An ANOVA of the area of the 300-600 msec region for 
the incongruous seventh words yielded a significant difference between the hemi- 
spheres [electrode main effect, F(l) 1 I) = 8.40, p < P.0141. IIowever, this asym- 
metry may simply represent the same left-greater-than-right positivity seen for 
words l-6. Indeed, a similar analysis for the difference waveform (incongruous 
minus congruous) showed no significant difference between the hemispheres in the 
300-600 (N400) region, although the trend was again for the N400 to be larger 
over the right hemisphere (fig. 7). 

The subjects correctly identified an average of 8% of the 32 ‘old’ six-word sen- 

tences on the list as belonging to the set they had seen before. They correctly filled 
in the seventh word that was actually shown for 60% of the sentences that had 
ended appropriately and for 2% of those that had ended incongruously. 

4. Discussion 

The present results confirm our previous report (Kutas and Hillyard, 1980b) that 
semantically and physically deviant words in a silent reading task are associated 
with distinctly different ERP components. On the one hand, a semantically inap 
propriate word at the end of a sentence elicits a large, negative component peaking 
between 400 and 500 msec (N400) with no subsequent positivity. On the other 
hand, a physical deviation in the letter size and font is associated with a predomi- 
nantly positive complex over the centro-parietal regions. The present results show 
further that these two distinct ERP effects may be elicited concurrently by the 
same word when it exhibits both types of deviations. 

The amplitude of the N400 wave to semantic incongruity was essentially the 
same whether or not the word was physically deviant. Likewise, the late positive 
ERP to the oversize words was similar whether or not they were semantically anom- 
alous. Thus, a deviation along one of these two dimensions did not appear to alter 
the ERP effect of a deviation along the other. Such results suggest that the two 
types of deviancy are registered in parallel and do not interact substantia~y, at least 
in their physiological manifestations. 

To further examine the additivity of the processing of semantic and physical 
incongruity, the ERP waveforms were recombined algebraically. Under the assump- 
tion of simple additivity of these effects, the ERE’ to the dual-deviation stimulus 
(the large incongruous or li. waveform) should be equivalent to the small congruous 
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_ Actual ERP to 
large/incongruous words 

--- Synthesized waveform 

Fig. 8. Comparison of the grand average ERP elicited by the large, uncongruous words (Ii) and 
the synthesized waveform: sc + (I, - sJ + (si - sc). 

(sJ waveform plus the effects of the size deviation alone (I, minus sC) and the 
semantic deviation alone (si minus sC). That is: 

Zj = SC + (I, - SC) + (St - SC) 

Figure 8 illustrates this comparison, with the solid line being the actual ERP to the 
large, incongruous words and the dotted line being the algebraic combination of 
ERPs defined by the right side of the equation. The close correspondence between 
the two waveforms over the latency range 300-600 msec (they did not differ signi- 
ficantly) is consistent with an independent additivity of the size and semantic devia- 
tion effects and suggests that the two dimensions may be processed in parallel. 

It should be noted that the above equation may be manipulated to form the fol- 
lowing relationships: 

Ii - 1, = Si - SC, (4 

and 

1, - SC = li - Si (b) 

These equations reiterate the independence of the semantic incongruity effect from 
the stimulus size effect, and vice versa, illustrated in fig. 2a and b, respectively. 

4.1. Relation of N400 to other ERPs 

The relationship of the N400 to other late negative waves that have been 
reported is unclear. Among the many ERPs that bear more or less resemblance to 
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the N400 are the CNV, (Walter, Cooper, Aldridge, McCallum and Winter, 1964), 
post-imperative negative variation (Timsit-Berthier, Delaunoy, Koninckx and Rous- 
seau, 1973), N2 or N200 (Squires et al., 1975; Simson, Vaughan and Ritter, 1977), 
‘mismatch negativity’ (Naatanen and Michie, 1979), ‘processing negativity’ 
(Nbatanen, Gaillard and Mantysalo, 1978), ‘slow wave’ (Rohrbaugh, Syndulko and 
Lindsley, 1979) and other late negativities reported by Symmes and Eisengart 
(1971) and Neville (1977). It is difficult to decide which of these negativities are 
equivalent to one another, because the possible criteria for equivalency are numer- 
ous and not generally agreed upon. 

We have noted (Kutas and Hillyard, 1980b) that the monophasically negative 
N400 has certain similarities with the CNV, which is certainly present in this sen- 
tence reading experiment (fig. 1). However, it is unlikely that N400 represents a 
simple prolongation of the CNV beyond the seventh word, because in some condi- 
tions the N400 represents a substantial increase in negativity over the CNV baseline 
(Kutas and Hillyard, 1980b, fig. 1). It is possible, however, that the N400 is a 
phasic modulation of the more sustained CNV. If this were so, our current concep- 
tions of the psychological correlates of the CNV, usually expressed in terms of 
expectancy and preparation, would have to be expanded. 

We also noted previously that the timing, distribution, and monophasic nature of 
the N400 were unlike those reported for the N2 or N200 wave. While the longer 
latency of N400 is not a critical consideration here (N2 latency may increase con- 
siderably as a function of the subject’s decision time; Ritter, Vaughan and Fried- 

man, 1979) it is noteworthy that the N400 was not followed by a positive ERP of 

the P300 variety. In all the experiments where an N200 has been recorded to an 
attended, relevant stimulus, it was followed by a (usually larger) P300 centered over 
the parietal and central scalp. Thus, the absence of a subsequent parieto-central pos- 
itivity sets the N400 effect apart from most reports on the N200. 

What makes comparisons among these components even more difficult is the 
indication that the N400 described here may be composed of a number of subcom- 
ponents. Thus, it is possible that the earlier aspects of the N400 might be related to 
the previously described N200 or mismatch negativity components, while the later 
phase may be specific to the reading/semantic anomaly situation. In any case it 
remains to be seem how many distinct types of late ‘mismatch negativities’ there 
are, the extent to which they can be independently elicited, and the nature of psy- 
chological processes each is associated with. 

A posteriorly distributed P300 wave has been reported by others to follow phy- 
sically deviant events in an attended sequence, even when those events were not 
expressly task-relevant (Squires, Donchin, Squires and Grossberg, 1977; Courchesne 
et al., 1978; Roth, Ford, Lewis and Kopell, 1976). Their results and ours indicate 
that a stimulus does not have to belong to a preassigned task-relevant category or 
call forth a specific response in order to elicit a late positivity of the P300 variety. 
In addition, the ERP to the bold-faced letters was polyphasic, having positive peaks 
at around 220,360, and 560 msec superimposed upon a longer-lasting baseline shift 
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(Kutas and Hillyard, 1980a). If there were an N200 wave present within this late 
positive complex to physically deviant words, it was not large enough to rise above 
the baseline. 

4.2. Hemispheric asymmetries 

Numerous studies have looked for ERPs which are asymmetrically distributed 
over the two hemispheres as correlates of linguistic or semantic processes. Such 
results have remained fairly elusive (reviewed by Desmedt, 1977b; Donchin, Kutas 
and McCarthy, 197’7; Hillyard and Woods, 1979). In the present as well as in a pre- 
vious study (Kutas and Hillyard, 198Oa) we found that the ERPs elicited by the 
words in this silent reading task were characterized by a left-greater-than-right 
asymmetry in a slow, positive component. While it is not clear which specific aspect 
of the reading task is important for producing this lateral asymmetry, it is similar to 

the asym~net~es reported in slow potentials by others during hem~plleric~y 

specialized tasks (Desmedt, 1977a; Butler and Glass, 1976). Perhaps these very 
slow waves may be more revelatory of hemispheric specialization in man than the 
phasic ERPs. 

The different degree of ERP asymmetry that was observed between right- 
handers with and without left-handed relatives suggests that this variable may have 
import for electrophy~olo~c~ studies of hemisphere specialization. Although the 
effects of familial sinistrality on various behavioral measures of hemispheric special- 
ization are poorly understood, numerous studies have demonstrated a profound 
influence of the presence of left-handers in one’s immediate family upon dichotic 
listening and lateralized visual performance scores (Zurif and Bryden, 1969; Hines 
and Satz, 1971; McReever, Van Deventer and Suberi, 1973; Hannay and Malone, 
1976). With only a few exceptions (~~enbottam, 1973; Briggs and Nebes, 1976), 
a family history of left-handedness has been associated with less lateralized perfor- 
mance on tests of auditory and visual perception. Moreover, some studies have 
shown that a person’s familial history of left-handedness may have a more potent 
influence upon his/her behavioral lateralization scores than does his/her own 

handedness (Andrews, 1977; Varney and Benton, 1975). It has also been reported 
that familial sinistrality can influence the amount of task-dependent EEG asym- 
metry a person can generate (Davidson, Schwartz, Pugash and Brornfield, 1976). 
Likewise, our data suggest that this variable ought to receive due consideration in 
ERP studies of hemispheric specialization. 
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