
Reading Senseless Sentences: Brain 

Potentials Reflect Semantic Incongruity 

Abstract. In a sentence reading task, words that occurred out of context were 
associated with specific types of event-related brain potentials. Words that were 

physically aberrant (larger than normal) elicited a late positive series of potentials, 
whereas semantically inappropriate words elicited a late negative wave (N400). The 
N400 wave may be an electrophysiological sign of the "reprocessing" of semanti- 
cally anomalous information. 

Language comprehension has often 
been characterized as a continual testing 
and updating of hypotheses about the 
words that are likely to occur next in a 
text or conversation (1). For example, 
most people familiar with English would 
complete the sentence "I take coffee 
with cream and _ " with the word 
"sugar," although reasonable alterna- 
tives exist. In general, words that are ex- 
pected in a given context are recognized, 
remembered, and verbalized more rapid- 
ly and accurately than the same stimuli 
presented alone or in a semantically in- 
appropriate context (2). 

We have investigated event-related 
brain potentials (ERP's) that occur when 
an inappropriate word occurs unexpect- 
edly at the end of a sentence. This ap- 
proach stemmed from extensive human 
research showing that certain com- 
ponents recorded from the scalp are sen- 
sitive to a person's expectations. In par- 
ticular, unexpected or surprising stimuli 
are typically followed after some 300 to 
600 msec by a positive ERP component 
known as the P300 (3). We now report, 
however, that an occasional semantic 
deviation of a word in a sentence is fol- 
lowed by a negative brain wave (N400) 
that is quite distinct from the P300 and 
associated waves (4). 

In these experiments, each subject 
read 160 different seven-word sentences 
presented one word at a time. Subjects 
were instructed to read silently, "in or- 
der to answer questions about the con- 
tents of the sentences at the end of the 
experiment." In the first two experi- 
ments, a random 25 percent of the sen- 
tences ended in a semantically in- 
appropriate (but syntactically correct) 
word. The degree of semantic in- 
congruity was "moderate" in experi- 
ment 1 (for example, "He took a sip 
from the waterfall") and "strong" in ex- 
periment 2 ("He took a sip from the 
transmitter") (5). In experiment 3, all 
sentences ended with semantically ap- 
propriate words, but a random 25 per- 
cent of these were larger in letter size 
than the preceding words (6). Different 
subjects were used in each experiment 
(7). 

The timing of stimulus presentation is 
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indicated in Fig. IA. Each sentence was 
forewarned with a slide containing 
XXXXX and followed by a 2-second in- 
terval. Slides containing the words were 
flashed for 100 msec at a rate of one per 
second. After ten practice sentences 
were exposed, 16 experimental blocks of 
ten sentences each were administered 
while the subject reclined in an easy 
chair. 

Scalp electrical activity was recorded 
using nonpolarizable electrodes from 
frontal (Fz), central (Cz), and parietal 
(Pz) locations, all referred to linked 
mastoids and amplified with a band-pass 
of 0 to 40 Hz. Eye movements and blinks 
were monitored by an electrode below 

the right eye and a bipolar supraorbital to 
external canthal montage. Trials contam- 
inated with eye movements or blinks 
were excluded from the average ERP's. 
Data from all channels were stored on 
FM tape for off-line signal averaging with 
a PDP-11/45 computer. 

The ERP averaged across the entire 
seven-word sentence (Fig. IA) consisted 
of a sustained negative potential (CNV) 
upon which were superimposed the 
phasic ERP's to the individual words. 
The terminal words were followed by a 
combination of the positive-going "reso- 
lution" of the CNV and the specific 
ERP's associated with deviant words. 
The physically deviant, "large" seventh 
words typically elicited a late positive 
complex of waves (P560), which was ab- 
sent following the smaller seventh 
words. In contrast, the semantically 
deviant seventh words were followed by 
a negative component (N400) beginning 
at about 250 msec and peaking at about 
400 msec (8) after stimulus onset (dashed 
waveform). 

The grand average ERP's (across all 
subjects) to the seventh words showed 
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Fig. 1. (A) The timing of word 
presentations for three sample 
sentences and typical ERP wave- 
forms recorded over the entire 
seven-word sentence, averaged 
over three subjects in experiment 
2 (dashed and solid lines) and 
three subjects in experiment 3 
(dotted line). (B-D) Data from ex- 
periments 1, 2, and 3, respective- 
ly. In each comparison, the grand 
average ERP's (over all subjects) 
from Pz for the normal (solid line) 
and deviant (semantic, dashed 
line; physical, dotted line) sev- 
enth words are superimposed. 
The 300-msec region used for 
quantitative analyses of these 
data is indicated by shading. The 
means and standard errors of this 
"difference area," formed by sub- 
tracting the normal seventh word 
ERP's from the deviant seventh 
word ERP's, are depicted in the 
bar graphs to the right of the cor- 
responding ERP's. 
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Fig. 2. Difference waves from experiment 2 (strong semantic incongruity). These difference 
waveforms were obtained by subtracting the averaged ERP's to the semantically congruous 
words from the ERP's to the semantically incongruous seventh words. Each superimposed 
tracing (A) represents the difference wave from one subject. The ERP's in (B) are the corre- 
sponding grand average waveforms over all 12 subjects. 

the N400 component to be substantially 
larger after the strong semantic mis- 
matches (Fig. IC) than the moderate 
mismatches (Fig. IB). This comparison 
was significant at all electrode sites, with 
the N400 quantified as the area in the la- 
tency zone between 300 and 600 msec 
(9). Further, it is clear that the N400 con- 
stitutes an actual negative deflection 
above the prestimulus d-c baseline level 
(Fig. IC) (10). 

The consistency of the N400 wave 
across different subjects in experiment 2 
is shown in Fig. 2A. Each tracing is the 
"difference wave" for a single subject, 
formed by subtracting the averaged ERP 
to the appropriate seventh words from 
the ERP averaged over the semantically 
incongruous seventh words. Every sub- 
ject was found to have a negative deflec- 
tion in the N400 range following these 
grossly inappropriate words. The grand- 
average difference waves over all 12 sub- 
jects (Fig. 2B) showed that N400 is a 
monophasic negativity with a broad 
scalp distribution (11). 

Figure ID compares the grand average 
ERP's to the large and small terminal 
words in experiment 3. The physically 
deviant, large words were associated 
with a late positive complex of waves 
having three principal peaks (P210, P360, 
arid P560). This complex waveform was 
characteristic of nearly eyery subject 
(12). 

The results of a follow-up experiment 
demonstrated that occasional semantic 
and physical deviations presented ran- 
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domly within the same series of sen- 
tences each elicited their characteristic 
ERP's-that is, an N400 after semantic 
deviations and a late positive complex 
after physical deviations (13). 

The finding that words out of context 
elicited an N400 wave was unexpected in 
light of the evidence that stimuli which 
disconfirm a subject's expectancies gen- 
erally elicit an enhanced late positive 
component (P300) and associated waves 
(3, 4). It is unlikely that N400 could be a 
delayed manifestation of the N2 or N200 
component that frequently precedes the 
P300 wave to surprising stimuli, as there 
was no sign of any additional positivity 
after N400 (14). Nor does the central-pa- 
rietal scalp distribution of N400 resemble 
that reported for N2 to unexpected visu- 
al stimuli (15). It also seems unlikely that 
N400 is equivalent to the negative phase 
of the "slow wave" that sometimes fol- 
lows the P300, because the slow wave is 
reportedly positive over the posterior 
scalp (16). 

A number of purely negative ERP's 
have been reported in association with 
various perceptual and cognitive pro- 
cesses (17). Of these, the N400 seems 
most plausibly related to the CNV, 
which builds up in anticipation of signifi- 
cant stimuli and may be prolonged when 
those stimuli require more detailed pro- 
cessing (5, 18). If the N400 is a phasic 
augmenting of the CNV, however, this 
would be the first time such an effect has 
been identified as a marker of complex 
linguistic processing. Whatever the rela- 

tion of N400 to previously described 
ERP's, it is clear that semantic devia- 
tions activate a different constellation of 
brain activity than do physical devia- 
tions. This physiological dichotomy be- 
tween P300 and N400 suggests that dif- 
ferent modes of cognitive reactions to 
surprising events need to be delineated. 

We cannot yet be certain which aspect 
of a person's reaction to semantic in- 
congruity is indexed by the N400 com- 
ponent. It remains to be seen whether 
N400 is specific to semantically inap- 
propriate word or whether it accompa- 
nies the violation of other linguistic or 
nonlinguistic expectancies as well. How- 
ever, N400 is not a general response to 
all linguistic or meaningful stimuli be- 
cause judgments about such stimuli have 
been specifically associated with the 
P300 wave (19). Rather, the N400 seems 
to reflect the interruption of ongoing sen- 
tence processing by a semantically in- 
appropriate word and the "reprocess- 
ing" or "second look" (20) that occurs 
when people seek to extract meaning 
from senseless sentences. The extent to 
which this further processing is automat- 
ic or requires the conscious switching of 
attention to the offending word remains 
to be determined (21). 

The N400 wave seems likely to pro- 
vide useful information about the timing, 
classification, and interactions of cogni- 
tive processes involved in natural lan- 
guage comprehension, and possibly in 
wider contexts as well. Measurement of 
the N400 may reveal where in a sentence 
(or paragraph) semantic information of 
different types is assimilated and may 
thus contribute to theoretical analyses of 
reading. Finally, since the presence of 
N400 during reading depends on seman- 
tic processing of a high order, this wave 
has considerable promise as a clinical 
tool in the evaluation of reading impair- 
ment and language disorders. 
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on days 13 to 20 of gestation; the females 
were pregnant for the first time, having 
been bred at 100 days of age with male 
rats of the same strain. Day 0 of gesta- 
tion was the day on which a vaginal 
smear positive for sperm was first ob- 
tained (6). On day 13, the pregnant fe- 
males were weighed and assigned to one 
of five groups: uninjected controls (N = 
15); vehicle-injected controls (N = 3); 
and three experimental groups given 
diazepam (2.5 mg/kg, N = 2; 5.0 mg/kg, 
N = 3; and 10.0 mg/kg, N = 2) (7). On 
day 20, all females were placed in plastic 
cages for parturition and, beginning on 
day 21, were checked every 3 hours from 
9:00 a.m. to 10:00 p.m. The day of birth 
was designated as postnatal day 0. 

Within 24 hours after birth, the litters 
of both diazepam-injected and control 
rats were reduced to seven or eight pups 
and given to uninjected dams for foster- 
ing (each litter had one dam). Behavioral 
testing was begun on postnatal day 12. 
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evelopment of spontaneous locomotor activity in control and diazepam-exposed rats. 
nal was tested for a 20-minute period on each testing day. Numbers of rats tested were 
s: uninjected, 15; vehicle-exposed, 12; diazepam-exposed, 7, 8, and 7 to 2.5, 5, or 10 
ispectively. Animals tested represented a minimum of two litters per group. Vertical 
cate standard error. 
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nal was tested for a 20-minute period on each testing day. Numbers of rats tested were 
s: uninjected, 15; vehicle-exposed, 12; diazepam-exposed, 7, 8, and 7 to 2.5, 5, or 10 
ispectively. Animals tested represented a minimum of two litters per group. Vertical 
cate standard error. 
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