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Investigations of language using event-related brain potential (ERP) measures have
revealed a remarkably robust difference between the brain waves associated with the
reading of semantically congruent and incongruent sentences (Kutas and Hillyard
1980a, 1982, 1983, 1984a; Neville et al. 1986). Numerous experiments with college
undergraduates silently reading sentences, presented one word at a time, have
demonstrated that unlike most congruent endings of meaningful sentences, semantic
anomalies elicit an ERP with a negative peak around 400 msec (N400). Although
broadly distributed, this N400 to semantic anomalies appears to be larger over
posterior than anterior regions of the scalp and to be slightly larger and more prolong-
ed over the right than the left cerebral hemisphere.

Over the past 7 years, much effort has been directed at determining what it is about
the processing of a semantically anomalous sentence that elicits an N400. Such in-
vestigations have revealed that while semantic anomalies produce the largest N400
waves, they are not a necessary condition for its elicitation (Fischler et al. 1983, 1984).
For instance, meaningful sentences also elicit N400s to the extent that they are ter-
minated somewhat unexpectedly. Sentences may terminate unexpectedly because the
experimenter has replaced the expected final word with another (e.g., ‘The bill was due
at the end of the session,” instead of ‘month’ or because a sentence context was too
weak to constrain its final word (e.g., ‘He was soothed by the gentle wind’). In either
case, less probable completions elicit an N400 wave. The amplitude of this N400 grows
largely, although not wholly, as an inverse function of a word’s expectancy within its
surrounding context (Kutas and Hillyard 1984a).

* M. Kutas is supported by National Science Foundation Grant BNS 83-05525, by Grant NS177778 from
the National Institutes of Health and by RSDA 1K02MHO0022. H. Neville and P. Holcomb are supported
by Grant NS14365 from the National Institutes of Health.

** This is a preliminary report of data from several experiments by Neville and Holcomb, for which more
detailed manuscripts are in preparation.
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Systematic manipulations of terminal word expectancies have shown that the size of
the N40O is also partially determined by the nature of the semantic relationship between
the expected word and the word actually presented. A strong semantic association be-
tween expected and actual sentence completions produces a smaller N40O than does
either a weak association or no association at all. This effect of semantic association
is obtained whether the N40O0 is elicited within the context of meaningful or anomalous
sentences (Kutas and Hillyard 1984a; Kutas et al. 1984). Nonetheless, N400s do not
seem to be specific to unexpected or anomalous sentence terminations. For example,
the ERPs to the so-called content words (e.g., nouns, verbs, adjectives, adverbs) in a
sentence also appear to include a small N400 component.

N400s are not unique to words in sentential contexts. Several investigators have
recorded N400-like waves to relatively isolated words (e.g., Harbin et al. 1984). For
example, N400s have been observed in several variants of a lexical decision task,
wherein subjects decide whether a string of letters formed a word or not (Bentin et al.
1985; Holcomb 1986). In experiments of this type, the ERPs to words preceded by a
semantically related word (e.g., cat — dog) contained smaller N400s than did the ERPs
to words preceded either by nothing (a so-called neutral stimulus) or a semantically
unrelgted word (e.g., table—-dog). Such findings, together with the results
demonstrating that neither physical (Kutas and Hillyard 1980b, ¢, 1984b) nor gram-
matical deviations (Kutas and Hillyard 1983) within language, nor deviations within
well-known melodies (Besson et al. 1984) elicit N400s, have led to our working
hypothesis that the N400 reflects some aspect of semantic processes in action.

While most available data are in accord with this view of the N400, the results of
a couple of studies seem to be inconsistent with this position (Stuss et al. 1983; Rugg
1984a, b, 1985). In particular, Rugg has reported that rhyming and non-rhyming
words are differentiated by a late negative component (N450) following the non-
rhyming words in the same way that related and unrelated word pairs are differentiated
by the N400 following unrelated words. Accordingly, he has argued that the
rhyme/non-rhyme effect on the N400 is not due to word processing at the semantic
level, but instead reflects processes occurring at the phonological level.

We attempted to examine this hypothesis further by comparing the ERPs to the pro-
cessing of semantic anomalies within written English, spoken English, and American
sign language (ASL). The ERPs to English were recorded from two groups of normally
hearing people who first acquired the vocabulary and grammar of English through the
auditory modality while those elicited by ASL were collected from a group of con-
genitally deaf persons who learned to read English through picture-grapheme associa-
tion in the visual modality (Holcomb 1985; Neville 1985).

To the extent that the N400O represents phonological processes, it should not be
elicited by anomalous signs in the deaf for whom all language is visual or manual rather

than auditory.
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METHODS

Three groups of subjects were presented with 100 135 sentences of high contextual
constraint. In each case, half the sentences ended congruously with the most expected
(‘best’) completion while the other half ended anomalously. At the end of each
sentence, subjects indicated whether they thought that the sentence had made sense or
not by means of a delayed button press.

In the written English task, 12 subjects read the sentences presented 1 word (200 msec
exposure duration) at a time every 700 msec. In the analogous auditory task, 12 dif-
ferent subjects listened via headphones to a female experimenter (whose voice had been
sampled at 12 kHz) saying each sentence at a normal speaking rate. ERP averages were
synchronized to the onset of each spoken word. In the ASL task, the sentences were
presented | sign/sec (each sign consisted of 8 digitized frames for a total duration of
240 msec) to 10 congenitally and profoundly deaf adults who were born to deaf parents
and whose first language was ASL.

Artifact-free ERPs were averaged from 16 electrodes (Cz, Pz, T5/6, O1/2, F7/8,
L/R22 — approximately over Brodmann’s area 22, L/R4l1 — approximately over
Brodmann’s area 41, and lateral parietal sites over Wernicke’s area and its right
hemisphere homolog) including vertical and horizontal EOG leads, for sentences that
had been responded to correctly. Scalp recordings were referred to the linked mastoids
and were amplified with a bandpass of 0.01 — 100 Hz (time constant = 8 sec). The EEG
and EOG were digitized at a rate of 1 point/6 msec.

RESULTS AND DISCUSSION

Representative grand average ERPs elicited by sentence terminal words in the 3 ex-
perimental groups are shown in Fig. 1. In each case, the brain’s responses to congruent
‘best’ completions and semantic anomalies are superimposed. Clearly, there are some
differences in the ERPs elicited by both sensible and nonsensical sentences in the dif-
ferent modalities. Further research will help determine whether such differences are
contingent upon the differences in the physical characteristics of the input or upon dif-
ferences in processing strategies invoked by the nature of the input. More importantly
for our present concerns are the remarkable similarities of the ‘N400 region’ in the
responses to semantic anomalies. The relative differences between the ERPs following
congruent and anomalous endings in the 3 groups are best seen in a comparison of the
ERP difference waves (see Fig. 2).

For normally hearing adults during reading and listening as well as for congenitally
deaf adults viewing signed sentences, semantically anomalous completions are
characterized by a large centro-parietal negativity peaking between 350 and 500 msec
(N400). The apparently earlier onset of the N400 in the auditory modality may to some
extent reflect co-articulatory effects in the penultimate word of the sentence (that is,
subjects were often able to determine that the final word would not be appropriate by
how the second to last word was pronounced). This line of argument is supported by
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the onset latencies of the auditory N400s reported by McCallum et al. (1984), whose
stimuli were controlled for co-articulation; their N400Os began approximately 100 msec
later than those reported here. Likewise, the apparently longer duration of the average
N400 in the auditory modality was probably due to the jitter introduced by the varia-
tion in final word durations and recognition times.

The late positivity following the N400 to semantic anomalies is most likely a member
of the P300 family, elicited by the subjects’ mental decision as to whether the sentence
in which it occurred was sensible or nonsensical. Such a late positivity is generally not
as evident in the ERPs to semantic anomalies recorded during semi-natural reading
conditions in which subjects are not required to make any overt decisions (Kutas and
Hillyard 1980a; Kutas et al. 1984; Fischler et al. 1985).

These ERP data indicate that the brain processes associated with the analysis of
semantic anomalies are essentially equivalent during reading, listening and the percep-
tion of ASL signs. By inference, these ERPs also suggest that the ‘cognitive’ process
reflected by the N400O wave is independent of the surface structure and modality of the
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Fig. 1. Grand average ERPs for sentence terminal words in 3 different groups of subjects during reading
(N = 12), listening (N = 12), and perception of signs in American sign language (N = 10). In each column,
the ERPs to congruous (solid line) and anomalous (dashed line) sentence terminal words are superimposed.
The representative electrode locations chosen from the total set record include left and right frontal (F7/8),
midline parietal (Pz), and left and right parietal (Wernicke's area and its right hemisphere homolog; 30%
lateral and 12.5% back from the interaural line). Calibration = 4 gV; | tick mark = 100 msec.
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language in which the eliciting anomalies occur. The modality non-specificity of this
effect argues against any view of the N400 which ties it to the orthography or
phonology of a written word.

The N400 cannot be specific to the process whereby a written word is transformed
into its phonological representation (i.e., phonemic recoding), because while this step
is bypassed during listening, the N400 is not. Semantic anomalies within the auditory
modality yielded substantial N400-like potentials (see McCallum et al. 1984 for similar
results). Similarly, the N400 cannot be specific to the process whereby a word’s sound
(i.e., phonological representation) is used to access the word’s meaning because it is
elicited during the apprehension of anomalies within American sign language.
Remember that the ERPs to anomalies in ASL were recorded from a group of con-
genitally deaf adults for whom English was neither a first nor a phonetically based
language. Clearly such logic does not argue against the possibility that orthographic
and phonological manipulations within an experimental setting might influence N400s
in some way. Rather the claim is that the present data are inconsistent with any theory
which posits a critical role for either orthography or phonology in the elicitation of the
N400 component.

Visual English Words Auditory English Words American Sign Language Signs

R Frontal '%u/\.\»m\mw —%-VW ‘,.F\Va&m&c
+ + +
1

L Frontal {,M - ] W ) FAM

o7 1

+ + s
Parietal ; }n /\W ;LV /} .Y ; %a/\\/\‘uw,m/‘
L Parietal : }AJ\V e }}1\//%\ UVVAM + %\n/\\\,\wwf—‘
R Parietal ;,};AW ;"l /J‘/\’\va o ; W"" A

—= Anomalous - Congruous Completions

Fig. 2. Grand average ERP difference waveforms (incongruous-congruous) for the normally hearing groups
in written and auditory English and for congenitally deaf adults in ASL. The difference waves are formed
via a point-by-point subtraction of the ERP waveforms elicited by congruous completions from those elicited
by anomalous completions. Calibration = 4 uaV; | tick mark = 100 msec.
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