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Abstract

B Eventrelated brain potentials (ERPs) were recorded from
13 scalp electrodes while subjects read sentences, some of
which contained either a verb that disagreed in number with
the subject noun (syntactic anomaly) or a word in uppercase
letters (physical anomaly). Uppercase words elicited the P300
complex of positivities, whereas agreement violations elicited
a late positive shift with an onset around 500 msec and a
duration of several hundred msec. These effects differed in
their morphology, temporal course, amplitude, and scalp distri-
bution. Furthermore, manipulations of the probability-of-occur-

INTRODUCTION

Contemporary formal theories of language structure dis-
tinguish among several levels of representation—
phonological, syntactic, semantic, pragmatic, etc. (cf.
Chomsky, 1981, 1986). One fundamental claim of such
models is that each representational level is charac-
terized by its own set of grammatical rules, and that the
rules at each level can be specified independently; for
example, that the rules of syntax can be specified inde-
pendently of the rules of semantics. Another claim is that
grammatical knowledge is uniquely linguistic and does
not directly interact with nonlinguistic knowledge (e.g.,
the speaker’s ‘real-world” knowledge; cf. Chomsky,
1986). Whether or not such descriptions accurately ap-
ply to the processes underlying language compreben-
sion remains a matter for debate. A standard assumption
underlying much recent psycholinguistic work is that a
relatively direct mapping exists between the levels of
representation posited within linguistic theories and the
cognitive and neural processes underlying comprehen-
sion (Bock & Kroch, 1989; Fodor, 1983; Forster, 1979).
Distinct language-specific processes are thought to inter-
pret a sentence at each level of analysis, and distinct
representations are thought to result from these compu-
tations. However, other theorists, most notably those
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rence and task relevance of the anomalies had robust effects
on the response to uppercase words, but not on the response
to agreement violations. Finally, these anomalies had additive
effects when agreement-violating uppercase (doubly anoma-
lous) words were presented. These results are taken to be an
initial indication that the positive shift elicited by agreement
violations is distinct from the P300 response to unexpected,
task-relevant anomalies that do not involve the violation of a
grammatical rule. [l

working in the neural net modeling domain, deny that
such language-specific processes and representations ex-
ist (Ades & Steedman, 1982; Flman, 1990; MacWhinney,
Bates, & Kliegel, 1984).

One means for addressing this issue involves the re-
cording of event-related brain potentials (ERPs) elicited
during comprehension. ERPs are patterned voltage
changes in the ongoing electroencephalogram that are
time-locked to the onset of a sensory, cognitive, or motor
event (Garnsey, 1993; Hillyard & Picton, 1987). Scalp-
recorded ERPs consist of a series of positive and negative
voltage peaks (or “components™) that is distributed over
time. ERP components are multidimensional; they can
vary in latency, amplitude, polarity,and scalp distribution.
Furthermore, certain late-occurring ERPs (i.e., those with
a latency of greater than 100 msec) appear to be highly
sensitive to specific changes in cognitive state (e.g., at-
tentional state; Hillyard, Miinte, & Neville, 1985; Hillyard
& Picton, 1987). Assuming that cognitively distinct proc-
esses are mediated by neurally distinct brain systems,
evidence that events occurring at different linguistic
levels elicit distinct patterns of brain response could be
construed as evidence that separable processes exist
(Osterhout & Holcomb, 1992). Furthermore, evidence
that language-sensitive ERP effects are in fact language
specific (i.e., sensitive only to language-related manipula-
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tions) would count as evidence that language-specific
processes exist.

Prior work has demonstrated that certain variations in
the ERP are sensitive to language-related events. In a
series of seminal experiments, Kutas and Hillyard (1980a,
1980b, 1980¢) discovered that semantically inappropri-
ate words (e.g., “John buttered his bread with socks™
clicit an enhanced negative-going wave with a peak
amplitude at about 400 msec (the N400 effect; for a
review, see Kutas & Van Petten, 1988). Recent studies
examining the ERP response to syntactic violations have
reported a variety of robust effects (Friederici, Pfeifer, &
Hahne, 1993; Hagoort, Brown, & Groothusen, 1993;
McKinnon & Osterhout, 1995; Neville, Nicol, Barss, For-
ster, & Garrett, 1991; Osterhout, 1990; Osterhout & Hol-
comb, 1992, 1993; Osterhout, Holcomb, & Swinney, 1994;
Osterhout & Mobley, 1995; Rosler, Friederici, Piitz, &
Hahn, 1993). Critically, none of these effects resembles
the N400 effect. Of particular relevance to the current
paper is the finding that a disparate set of syntactic
violations, including violations of constraints on phrase
structure (e.g., “The scientist criticized Max's of proof
the theorem™), verb subcategorization (“The broker per-
suaded fo sell the stock”), subject-verb agreement (“The
elected officials hopes to succeed”), and reflexive pro-
noun-antecedent agreement (“The successful woman
congratulated himself "), elicits a large-amplitude posi-
tive-going wave, variously labeled the P600O (Osterhout
& Holcomb, 1992) and the syntactic positive shift
(Hagoort et al., 1993). Typically, this positive wave has a
centroposterior distribution, an onset around 500 msec,
and a duration of several hundred msec (for a review, see
Osterhout, 1994, or Osterhout & Holcomb, 1995).

These findings indicate that ERPs are highly sensitive
to the syntactic and semantic well-formedness of the
sentence, and that the response to a variety of syntactic
anomalies is quite distinct from the response to seman-
tic/pragmatic anomalies.! However, the fundamental
question of whether or not these language-sensitive ERP
effects are in any sense language specific remains unan-
swered. This question has been asked recently with re-
spect to the N400 (Deacon, Breton, Ritter, & Vaughan,
1991, Polich, 1985). For example, researchers have at-
tempted to determine whether the N400 is a longer-
latency manifestation of a more generally sensitive com-
ponent, the N2 (cf. Deacon et al., 1991). The question of
whether the syntactic positive shift is uniquely related
to language processing, and in particular the processes
underlying the syntactic analysis of sentences, has not
yet been systematically addressed. This question is par-
ticulary compelling in that a wide variety of evidence
seems to indicate that separable syntactic processes ex-
ist. For example, psycholinguistic evidence indicates that
syntactic analysis is largely uninfluenced by nonsyntactic
types of information (e.g., semantic or pragmatic contex-
tual information; Ferreira & Clifton, 1986; Frazier &
Rayner, 1982), and neuropsychological evidence from
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brain-damaged populations has been taken to indicate
that such damage can lead to highly selective syntactic
deficits (Grodzinsky, 1986; Schwartz, Saffran, & Marin,
1980). The question, then, is whether the syntactic posi-
tive shift is uniquely a manifestation of these putative
specialized processes.

We addressed this question by investigating a salient
alternative possibility, namely, the possibility that the
syntactic positive shift is a member of the P300 family
of late positive components elicited by a wide variety of
(linguistic and nonlinguistic) events. The P300 is a cen-
troparietal-maximal positivity of variable onset that is
elicited by attended, task-relevant stimuli (for reviews,
see Donchin, 1981; Hillyard & Picton, 1987; Pritchard,
1981). P300 amplitude is a function of the probability,
task relevance, and informational content of the eliciting
stimulus (Ruchkin, Johnson, Canoune, Ritter, & Hammer,
1990), with the most improbable, task-relevant, and in-
formative stimuli eliciting the largest-amplitude P300s.
The peak latency of the P300 varies as a function of
stimulus complexity and ranges from about 300 to 800
msec (Fabiani, Gratton, Karis, & Donchin, 1987). Al-
though early descriptions of the P300 treated the effect
as a monolithic component reflecting a single neural
source (e.g., Sutton, Braren, Zubin, & John, 1965), more
recent work has indicated that a variety of positivities
combine to form a “late positive complex” (Sutton &
Ruchkin, 1984). These positivities include the frontocen-
tral P3a (Squires, Squires, & Hillyard, 1975), the cen-
troparietal P3b (the classic P300), and a longer latency,
longer duration late positive slow wave (Donchin, Ritter,
& McCallum, 1978; Ruchkin, Munson, & Sutton, 1982;
Squires et al., 1975). Evidence exists indicating that these
effects are generated by distinct neural sources (Johnson,
1989, 1993; Ruchkin et al., 1990). However, all three
cffects have been shown to be sensitive to the prob-
ability-of-occurrence and informational content of the
stimulus, and at least the P3b and slow wave appear to
be sensitive to the task relevance of the eliciting stimulus
(see, e.g., Donchin et al., 1978; Ruchkin et al., 1990;
Squires et al., 1975). Furthermore, in the vast majority of
experiments the most prominent component of the ERP
clicited by unexpected, task-relevant stimuli is the cen-
troparietal P3b (Donchin, 1979; Donchin et al., 1978).2

The observation that the P300 is not a unitary phe-
nomenon generated by a single neural source compli-
cates the question of whether the syntactic positive shift
is another instantiation of the P300. For example, it could
be that the positive shift is a manifestation of the neu-
ral/cognitive events underlying just one of the subcom-
ponents of the P300 complex, or of one or more of these
subcomponents plus other effects that do not contribute
to the P300. This complexity is increased even more by
recent evidence that the subcomponents of the P300
complex might themselves be composites of activity in
an indeterminate number of neural generators. In par-
ticular, recent work suggests that the P3b reflects the
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simultaneous activation of at least several independent
neural systems (Johnson, 1993). Hence, it is conceivable
that some but not all of the systems that contribute to
the P3b also contribute to the syntactic positive shift.
One implication is that the question of whether the
positivity to syntactic violations is a P300 is no longer
sufficiently precise. A better way to phrase the question
might be to ask whether the brain response to anomalies
that involve formal, rule-governed aspects of language is
partially or entirely distinct from the response to unex-
pected, task-relevant anomalies that do not involve the
grammar. Henceforth, we use the terms “syntactic posi-
tive shift” and “P300” as convenient labels for the ERP
responses to these two categories of anomaly.

The distinctiveness of these two brain responses can
be assessed in several ways. First, at least a rough esti-
mate of the similarity in the neural events underlying the
responses is provided by comparing the component
characteristics of these effects, e.g., their morphology,
temporal characteristics, and scalp distributions. In par-
ticular, it is generally agreed that ERP components with
distinct scalp distributions are necessarily generated by
distinct brain systems (cf. Johnson, 1993). Correspond-
ingly, evidence that the syntactic positive shift and the
P300 have distinct scalp topographies would be consis-
tent with the claim that the two effects are (at least
partially) neurally distinct.> Although both of these ef-
fects tend to be largest in amplitude over centroposte-
rior regions, a careful examination of this issue requires
quantitative analysis of data acquired from a single set of
subjects within one experiment. To date, no such experi-
ment has been reported.

Second, one can determine whether the effects of
stimulus and task manipulations known to modulate the
P300 similarly affect the positive wave elicited by syn-
tactic violations. If so, then one might conclude that
these effects are functionally related. Based on the avail-
able evidence, one could reasonably infer that the ampli-
tude of the syntactic positive shift, much like P300
amplitude, is a function of the probability and task rele-
vance of the eliciting stimulus. For example, given that
the vast majority of sentences encountered during read-
ing are fully grammatical, syntactic violations are very
likely perceived to be unexpected or rare events. Fur-
thermore, in many of the experiments reporting a late
positive shift to syntactic violations subjects were asked
to make a “sentence-acceptability” judgment on each
trial and to indicate their judgment by pushing one of
two buttons (“acceptable” and “not acceptable”) after
each sentence (Osterhout & Holcomb, 1992, 1993; Os-
terhout et al., 1994). In these experiments the syntactic
anomalies were therefore both directly task relevant and
highly informative with respect to the outcome of the
trial. However, the results of two recent experiments
have been taken as indications that the syntactic positive
shift might be functionally distinct from the P300.
Hagoort et al. (1993) presented sentences containing

violations of phrase structure, verb subcategorization,
and subject-verb number agreement. Because subjects
were asked to simply read the sentences and did not
perform any secondary task, the anomalies were not as
directly task relevant as they were in other studies in
which subjects made sentence acceptability judgments.
Nonetheless, phrase structure and agreement violations
elicited a positive shift. Unfortunately, this evidence is
suggestive but not conclusive, since several researchers
have observed a P300-like wave to deviant attended
stimuli that were not directly task relevant (Courchesne,
Courchesne, & Hillyard, 1978; Squires, Donchin, Squires,
& Grossberg, 1977). One might also argue that the syn-
tactic anomalies were implicitly relevant to the task of
understanding the sentence. A second type of evidence
is reported by Osterhout et al. (1994). These researchers
manipulated the “severity” of syntactic anomalies en-
countered during sentence processing by contrasting
the ERP response to violations of verb subcategorization
and subcategorization biases. Outright violations of sub-
categorization result in an irrevocable ungrammaticality,
whereas violations of biases simply require structural
reanalysis of the sentence. Correspondingly, the ampli-
tude of the positive shift was much larger in response
to violations of subcategorization compared to violations
of subcategorization biases. The fact that the amplitude
of the positivity varied as a function of syntactic vari-
ables could be construed as indicating that the positivity
manifests syntactic processes. However, these results can
also be explained under a P300 account, €.g., violations
of verb subcategorization biases are more frequent in
text and speech than are outright violations of verb
subcategorization constraints. At present, then, there is
very little evidence that would allow one to determine
whether or not the syntactic positive shift is functionally
distinct from the P300 family.

A third method for assessing the distinctiveness of the
P300 and the syntactic positive shift is to determine
whether these components have additive effects. This
can be accomplished by presenting stimuli that are ex-
pected to elicit both components simultaneously and
comparing the response to the “doubly anomalous”
words to the response to each type of anomaly in isola-
tion from the other. This approach follows from Helm-
holtz’s Rule of Superposition, which maintains that
electrical fields propagating through a conductive me-
dium summate where they intersect. Evidence of addi-
tivity in such situations strongly implies independence
of the underlying neural sources (cf. Kutas & Hillyard,
1980a).*

The purpose of the current study was to begin to
investigate the question of whether the ERP response to
syntactic violations is distinct from that elicited by un-
expected, task-relevant anomalies that do not involve a
violation of a grammatical rule. We did this by comparing
the component characteristics of these two responses
(Experiments 1-3), evaluating their relative sensitivity to
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manipulations of task relevance and probability (Experi-
ments 1 and 2), and determining whether the responses
are additive (Experiment 3). We should be clear about
what is at stake in these experiments. Evidence that the
positive wave elicited by syntactic anomalies is related
to the P300 family would not imply that the syntactic
positive shift can no longer be viewed as a useful tool
for examining sentence comprehension (cf. Garnsey,
1993; Osterhout & Holcomb, 1992, 1993; Osterhout
et al.,, 1994). The sensitivity of this effect to syntactic
manipulations exists regardiess of whether it is a mem-
ber of the P300 family. Nonetheless, evidence that the
syntactic positive shift is “just another” P300 would indi-
cate that it is not a direct manifestation of the syntactic
processes themselves but rather a manifestation of do-
main-general processes that are perhaps correlated with
but indeterminately removed from these processes. Con-
versely, evidence that the syntactic positive shift is dis-
tinct from the P300 family would not in and of itself
conclusively demonstrate that it is in any sense language-
specific; however, such evidence would eliminate a sali-
ent alternative to the language specificity hypothesis.

EXPERIMENT 1

In Experiment 1, we presented three types of sentences,
as exemplified by sentences (1)-(3) in Table 1: non-
anomalous controls, sentences containing a verb that
disagreed in number with the subject noun, and sen-
tences that contained a word in uppercase letters. Prior
work has shown that physically anomalous words elicit
a “P300” (Kutas & Hillyard, 1980a), whereas agreement
violations elicit a “syntactic positive shift” (Hagoort et al.,
1993; Osterhout & Mobley, 1995). One goal was to di-
rectly compare the component characteristics of these
two responses. A second goal was to examine the sensi-
tivity of these responses to the task relevance and infor-
mational content of the anomaly. To this end, half of the
subjects made sentence-acceptability judgments about
each sentence and the remaining subjects passively read
the sentences for comprehension. In the sentence-
acceptability condition, the anomalies were explicitly
and directly task relevant and completely informative

Table 1. Examples of Sentences Presented during
Experiments 1-3

(1) The doctors believe the patient will recover.
(nonanomalous control)

(2) The doctors believes the patient will recover.
(agreement violation)

(3) The doctors BELIEVE the patient will recover.
(uppercase word)

(4) The doctors BELIEVES the patient will recover.
(doubly anomalous word)
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with respect to trial outcome; in the passive reading
condition, the anomalies were less directly task relevant
and contained no information about trial outcome.

Results and Discussion
Sentence-Acceptability Judgments

Subjects in the sentence-acceptability condition judged
nonanomalous sentences, sentences containing agree-
ment violations, and sentences containing an uppercase
word to be acceptable on 90, 6, and 10% of the trials,
respectively, F(2,22) = 169, p < 0.0001.

Event-Related Potentials

Sentence-Acceptability Judgment Condition. ERPs to
critical words in the three sentence types, averaged over
subjects and items, are shown in Figure 1. (Seventeen
percent of the trials, approximately evenly distributed
across conditions, were rejected for artifact.) In this and
subsequent figures, the general shapes of the waveforms
were consistent with those reported in other experi-
ments involving language stimuli (cf. Neville, Kutas, Ches-
ney, & Schmidt, 1985; Osterhout & Holcomb, 1992). A
clear negative-positive complex was visible in the first
300 msec after word onset. The negative component
(“N17™) was largest anteriorly and peaked at about 120
msec. The positive component (“P2/P3a™) peaked at
about 250 msec; the amplitude of this component varied
across conditions. A negative-going deflection with a
peak at about 400 msec (N400) was evident in the re-
sponse to most words.

Effects of anomaly type were clearly evident. Upper-
case words elicited a late positive complex quite similar
to previous reports of the P300 complex, relative to the
nonanomalous control words: a frontocentral positivity
peaking between 200 and 300 msec (P2/P3a), a large,
centroparietal positivity with a peak at about 500 msec
(P3b), and a subsequent gradual return to baseline (slow
wave). ERPs to agreement-violating words also differed
from those to nonanomalous controls; however, the re-
sponse to these words was clearly distinct from the
response to the uppercase words. Agreement violations
elicited a slightly larger N400 component at some sites
followed by a large-amplitude late positive shift with a
posterior distribution. This wave had an onset around
500 msec and a duration of several hundred msec and
was highly similar to previous reports of the syntactic
positive shift (Osterhout & Holcomb, 1992; Osterhout
et al., 1994; Osterhout & Mobley, 1995).

Statistical analyses confirmed these observations.
Within the 200-300 msec window, the ANOVAs revealed
a main effect for sentence type [midline, F(2,22) =
25.28, p < 0.001; lateral, F(2,22) = 20.89, p < 0.001],
reflecting the large-amplitude P2/P3a elicited by upper-
casc words. This effect was most pronounced over ante-
rior sites [sentence type X electrode site: F(8,88) =5.40,
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Figure 1. Grand average
ERPs over three midline and
10 lateral sites to nonanomal-
ous (solid line), agreement-
violating (small dashes), and
uppercase (large dashes)
words in the sentence-accept-
ability judgment condition, Ex-
periment 1. Each hashmark
represents 100 msec. Positive
voltage is plotted down.

— The doctors believe . . .

--- The doctors BELEVE . . .

D < 0.05]. Simple effects analyses found that ERPs to
uppercase words were more positive-going than those
to the nonanomalous words [midline, F(1,11) = 38.74,
D <0.001;lateral, F(1,11) =34.05,p < 0.001] and agree-
ment-violating words [midline, F(1,11) = 38.18, p <
0.001; lateral, F(1,11) = 28.35, p < 0.01]. No reliable
differences were found between agreement-violating
words and nonanomalous words, F < 1 in all analyses.

Reliable differences between sentence types were
also found between 300 and 500 msec [midline,
F(2,22) =32.82,p <0.001; lateral, F(2,22) =22.88,p <
0.001]. These differences were primarily due to the on-
set of the P3b component in the uppercase condition.
Additionally, an interaction between sentence type,
hemisphere, and electrode site reflected the fact that
differences in the amplitude of the P2/P3a component
across conditions resolved prior to onset of the P3b
component in the right but not the left hemisphere,
F(8,88) = 4.10, p < 0.05. Simple effects analyses re-
vealed reliable differences between uppercase words
and both nonanomalous controls [midline, F(1,11) =
42.31, p < 0.001; lateral, F(1,11) = 29.73, p < 0.001]
and agreement violations [midline, F(1,11) =52.97,p <
0.0001; lateral, F(1,11) = 36.97, p < 0.001]. However,
despite a slight increase in N400 amplitude at anterior
and temporal sites to the agreement violations relative
to the control condition, no reliable differences were
found between these two conditions, F < 1 in all
analyses.

Between 500 and 800 msec, ERPs to both types of
anomaly noticeably differed from those to controls
[main effect of sentence type: midline, F(2,22) = 27.49,
D < 0.01; lateral, F(2,22) =32.08,p < 0.001], and these
differences were larger at posterior sites [sentence
type X electrode site: midline, F(2,22) = 8.17,p <0.01;
lateral, F(8,88) = 8.47, p < 0.01]. Furthermore, ERPs
elicited by the critical words in the three sentence types
also differed in scalp distribution within this window
[sentence type X electrode site X hemisphere: F(8,88) =
3.17, p < 0.05]. Simple effects analyses found reliable
differences between the uppercase and control condi-
tions [midline, F(1,11) = 43.56, p < 0.001; lateral,
F(1,11) =63.49,p <0.001] and between the agreement
violations and controls [midline, F(1,11) = 14.03, p <
0.01; lateral, F(1,11) = 10.74, p < 0.01]. These differ-
cnces were posteriorly distributed, both in the upper-
casc [midline, F(2,22) = 2598, p < 0.001; lateral,
F(4,44) = 10.82, p < 0.01] and in the agreement-violat-
ing conditions [midline, F(2,22) =5.01, P <0.05;lateral,
F(4,44) = 5.62, p < 0.05]. Of particular interest were
simple effects analyses on mean amplitude between 500
and 800 msec involving direct comparisons between the
uppercase words and agreement violations. ERPs to up-
percase words were more positive-going than those to
agreement violations [midline, F(1,11) = 15.37, p <
0.01; lateral, F(1,11) = 22.00, p < 0.001]. Furthermore,
the scalp distributions of these two effects within the
500-800 msec window were not identical; the response
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to agreement violations was slightly larger over the left
than the right hemisphere throughout this window,
whereas the response to uppercase words was larger
over the right than left hemisphere, particularly at pos-
terior sites [sentence type X hemisphere X electrode
site: raw data, F(4,44) =5.77,p < 0.01;normalized data,
F(4,44) = 450,p < 0.05].

The latencies of the most positive-going peaks elicited
by the two types of anomaly were computed for data
acquired over midline sites, by determining the most
positive-going point between 400 and 1000 msec. Peak
latency was reliably later occurring in the agreement
condition, F(1,11) = 21.38,p < 0.001.

Thus, although both the uppercase words and agree-
ment violations elicited a large positive wave, these po-
sitivities had distinct morphologies, onsets, peak
latencies, amplitudes, and, at least between 500 and 800
msec, distinct scalp distributions. However, comparisons
of scalp distribution are complicated by the fact that the
onsets and peak amplitudes of these effects did not
temporally overlap. An alternative means for comparing
scalp distributions involves computing mean averages
over different time windows for the two effects, thereby
capturing the onset, peak amplitude, and extent of each
effect. To this end, we performed ANOVAs on mean
amplitude between 400 and 800 mscc for uppercase
words and between 500 and 900 msec for agreement
violations. These analyses revealed a reliable three-way
interaction between sentence type, hemisphere, and

electrode site [raw data, F(4,44) = 4.95, p < 0.01; nor-
malized data, F(4,44) = 4.19,p < 0.05].

In summary, uppercase words elicited a complex of
positivities quite similar to previous reports of the P300
complex: a frontocentral P2/P3a, a centroparietal P3b,
and a late positive slow wave. By contrast, agreement
violations elicited a posterior-maximal late positive shift
beginning at about 500 msec. Importantly, the positivities
elicited by the two anomalies had distinct scalp distribu-
tions over lateral electrode sites. The evidence from Ex-
periment 1, then, indicates that the large positivities
elicited by uppercase words and agreement violations
are distinguishable in terms of morphology, onset, peak
latency, amplitude, and scalp distribution.

Passive Reading Condition. ERPs elicited by the critical
words in the passive reading condition are shown in
Figure 2. (Approximately 17% of the trials were rejected
for artifact.) As in the acceptability-judgment condition,
uppercase words elicited an increase in the P2/P3a com-
ponent, particularly at anterior sites. This was followed
by a largeramplitude wave at most sites (P3b). Agree-
ment violations again elicited a late positive wave with
an onset around 500 msec. However, these effects were
smaller in amplitude than those observed in the sen-
tence-acceptability judgment condition.

ANOVAs on mean amplitude within the 200-300 msec
window revealed a main effect for sentence type
[midline, F(2,22) = 7.25, p < 0.01; lateral: F(2,22) =

Figure 2. Grand average
ERPs to nonanomalous (solid
line), agreement-violating
(small dashes), and uppercase
(large dashes) words in the
passive reading condition,
Experiment 1.
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—— Thae doctors believe . . .
--- The doctors BELIEVE . . .
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5.98, p < 0.01]. These differences were slightly larger
over the left than the right hemisphere, F(2,22) =3.51,
D < 0.05. Simple effects analyses again found reliable
differences between the uppercase words and both the
nonanomalous [midline, F(1,11) = 10.88, p < 0.01; lat-
eral, F(1,11) = 9.20, p < 0.02] and agreement-violating
conditions [midline, F(1,11) = 7.99, p < 0.02; lateral,
F(1,11) = 8.69, p < 0.05]. No reliable differences were
found between agreement-violating and control sen-
tences. Reliable differences between sentence types
were also found between 300 and 500 msec [midline,
F(2,22) = 391, p < 0.04; lateral, F(2,22) = 5.00, p <
0.02]. Again, ERPs to uppercase words were more posi-
tive-going than those to nonanomalous [midline,
F(1,1D) = 4.23, p = 0.06; lateral, F(1,11) = 5.34, p <
0.05] and agreement-violating words [midline, F(1,11) =
4.96,p < 0.05;lateral, F(1,11) = 7.13,p < 0.03], reflect-
ing the onset of the P3b component in the uppercase
condition.

Differences between sentence types were also found
within the 500-800 msec window [midline, F(2,22) =
10.32, p < 0.001; lateral, F(2,22) = 11.04, p < 0.001].
ERPs to uppercase words [midline, F(1,11) = 23.40,p <
0.01; lateral, F(1,11) = 23.86,p < 0.001] and agreement
violations [midline, F(1,11) = 9.61, p < 0.05; lateral,
F(1,11) =0.15,p < 0.04] were more positive-going than
those to nonanomalous controls. However, ERPs to up-
percase words and agreement-violating words differed
reliably only at lateral sites, F(1,11) = 4.67,p = 0.01. By
contrast to the results from the sentence-acceptibility

task condition, the distribution of ERPs to agreement
violations and uppercase words did not differ reliably
within this window.

Additional analyses were performed on mean ampli-
tude between 500 and 900 msec in the agreement con-
dition and between 400 and 800 msec in the uppercase
condition. In contrast to the sentence-acceptability judg-
ment condition, ERPs to the two anomaly types did not
reliably differ in amplitude or distribution.

Cross-Group Analyses. To statistically evaluate the ef-
fects of task on ERPs to the anomalies, we computed
difference waves by subtracting ERPs elicited by the
critical words in control sentences from those elicited
by each type of anomaly, in each task condition.’ The
resulting difference waves to uppercase words and
agreement violations in each task condition are shown
in Figures 3 and 4, respectively. These figures indicate that
the amplitude of the positivity to both types of anomaly
was greater in the sentence-acceptability judgment con-
dition than in the passive reading condition, but that the
cffects of task were much more noticeable for uppercase
words than for agreement violations. ERPs were quan-
tified as mean amplitude within the 400-800 msec win-
dow for uppercase words and between 500 and 900
msec for the agreement violations. These windows in-
cluded the onset and peak amplitude of the positive-
going activity in each anomaly condition. ANOVAs with
task condition as a between-subjects factor revealed
main effects for anomaly type [midline, F(1,22) =10.30,

Figure 3. Difference waves
formed by subtracting ERPs

to nonanomalous controls
from those to uppercase
words in the sentence-accept-
ability judgment task (solid
line) and passive reading

(dashed line) conditions.

— Sentence-acceptability judgment task
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Figure 4. Difference waves
formed by subtracting ERPs to
nonanomalous controls from

those to agreement violations
in the sentence-acceptability
judgment task (solid line) and
passive reading (dashed line)
conditions.

— Sentence-acceptability judgmenttask Passive reading task

|

300 600 900

p < 0.01; lateral, F(1,22) = 14.39, p < 0.01] and task
[midline: F(1,22) = 5.92, p < 0.05], and an interaction
between anomaly type and task [midline, F(1,22) =7.00,
p <0.02;lateral, F(1,22) =5.78,p <0.03].Simple effects
analyses revealed that the task effects were statistically
reliable for uppercase words [midline, F(1,22) = 6.56,
P < 0.05; lateral, F(1,22) = 4.40, p < 0.05] but not for
agreement violations [midline, F(1,22) < 1; lateral,
F(1,22) < 1). Furthermore, the scalp distributions of the
two positivities were clearly distinct. ERPs to uppercase
words were more negative-going over posterior portions
of the right hemisphere, whereas those to agreement
violations were slightly larger over left hemisphere sites
[sentence type X hemisphere X electrode site: raw data,
F(4,88) = 7.81, p < 0.001; normalized data, F(4,88) =
4.98,p < 0.01], and these differences were much larger
in the sentence-acceptability judgment condition than in
the passive reading condition [task X sentence type X
hemisphere x electrode site: raw data, F(4,88) = 4.50,
p < 0.05; normalized data, F(4,88) = 3.04,p < 0.02].

These results indicate that uppercase words and
agreement violations elicit positive waves even when
these anomalies are not directly task relevant and do not
provide definitive information regarding the outcome of
the trial (cf. Hagoort et al., 1993). Both effects were larger
in amplitude in the sentence-acceptability judgment con-
dition than in the passive reading condition. However,
the change in task had more robust and reliable effects
on the response to uppercase words than on the re-
sponse to agreement violations.
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EXPERIMENT 2

Previous experiments have shown that P300 amplitude
is an inverse function of the probability of the eliciting
event. In Experiment 2, we directly compared the effects
of manipulating the probability of uppercase and agree-
ment-violating words. Two lists were presented. In one
list, 20% of the sentences contained an agreement viola-
tion whereas 60% of the sentences contained an upper-
case word (the “20% agreement/60% uppercase”
condition). In the second list, these percentages were
reversed (the “60% agreement/20% uppercase” condi-
tion). The critical question was whether or not the
positive wave elicited by agreement violations would
prove to be sensitive to manipulations of probability-of-
occurrence.

Results and Discussion
Sentence-Acceptability Judgments

Subjects judged the nonanomalous, agreement violation,
and uppercase word sentences to be acceptable on 90,
10, and 6% of the trials, F(2,22) = 850.

Event-Related Potentials

Comparisons across Sentence Types. Figures 5 and 6
plot ERPs elicited by nonanomalous, uppercase, and
agreement-violating words in the “60% agreement/20%
uppercase” and in the “20% agreement/60% uppercase”
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300 600 900
— (20%) The doctors believe . . .
(60%) *The doctors believes . . .

---- {20%) The doctors BELIEVE . . .

Figure 5. Grand average ERPs recorded from Cz to nonanomalous
(solid line), agreement-violating (small dashes), and uppercase (large
dashes) words in the “60% agreement/20% uppercase words” condi-
tion, Experiment 2.

conditions, respectively. In both conditions, uppercase
words elicited the P300 complex (frontocentral P3a, cen-
troparietal P3b with a peak at about 500 msec, late slow
wave) observed in Experiment 1, and agreement viola-
tions elicited a positive shift with a posterior distribution
and an onset around 500 msec that was quite similar to
previous reports of the syntactic positive shift.

ANOVAs were performed treating list condition as a
within-subjects factor. Within the 200-300 msec window,
a main effect for sentence type [midline, F(2,22) =6.10,
P <0.01;lateral, F(2,22) =7.90,p < 0.01] and a reliable
interaction between sentence type and electrode site
(midline, F(4,44) = 2.77, p < 0.05; lateral, F(8,88) =
7.20, p < 0.0001) reflected the fact that the P2/P3a
component to uppercase words was larger in amplitude
than that elicited in the other two sentence type condi-
tions, particularly at anterior sites. Furthermore, these
differences were marginally larger in the “60% agree-
ment/20% uppercase” condition than in the “20% agree-
ment/60% uppercase” condition {list X sentence type X
clectrode: F(8,88) = 1.98, p < 0.1]. The reliable main
effect for sentence type within the 300-500 msec win-
dow [midline: F(2,22) = 43.53, p < 0.001; lateral:
F(2,22) = 18.71, p < 0.001] reflected the onset of the
positive wave (P300) in the uppercase word condition.

As in Experiment 1, the largest differences between
sentence types were found within the 500-800 msec

7300 600 900
— (20%) The doctors believe . . .
------ (20%) *The doctors believes . . .

---- {60%) The doctors BELIEVE . . .

Figure 6. Grand average ERPs recorded from Cz to nonanomalous
(solid line), agreement-violating (small dashes), and uppercase (large
dashes) words in the “20% agreement/60% uppercase words™ condi-
tion, Experiment 2.

window [main effect for sentence type: midline,
F(2,22) = 100.62, p < 0.0001; lateral, F(2,22) =51.99,
P < 0.0001], and these differences were larger over
posterior sites [sentence type X electrode site: midline,
F(4,44) = 6.63, p < 0.05; lateral, F(8,88) = 3.35, p <
0.00]. Also as in Experiment 1, ERPs to uppercase words
were slightly larger over posterior right hemisphere sites
whereas ERPs to agreement violations were slightly
larger in the left hemisphere, but this interaction was
reliable only when the Geisser-Greenhouse correction
was not applied [sentence type X hemisphere X elec-
trode site: F(8,88) = 2.48, p < 0.05]. These differences
in scalp topography were larger in the “60% agree-
ment/20% uppercase” condition than in the “20% agree-
ment/60% uppercase” condition, but again this effect
was reliable only when the Geisser-Greenhouse correc-
tion was not applied [list X sentence type X hemi-
sphere x electrode site, F(8,88) = 2.63,p < 0.05].

Comparisons across Probability Conditions. Figures 7
and 8 plot ERPs to the uppercase and agreement-violat-
ing words, respectively, in the two probability conditions.
As expected, uppercase words elicited a larger positive
wave when the proportion of such words in the list was
relatively small. In contrast, changes in the proportion of
agreement violations had much smaller effects on the
amplitude of the positive wave elicited by the violations,
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Figure 7. Grand average
ERPs to uppercase words
when they comprised 60%

(solid line) and 20% (dashed
line) of the trials, Experi-
ment 2.

— [60%) The doctors BELIEVE... == {20%) The doctors BELIEVE . . .

and at some sites (e.g., Pz) the positivity was larger when
the proportion of agreement violations was relatively
high. These effects were quantified by computing mean
amplitude between 400 and 800 msec (uppercase con-
dition) and 500 and 900 msec (agreement condition).
These windows encompassed the onsets and peaks of
the late positivities. An ANOVA with repeated measures
on probability condition, sentence type, and electrode
site revealed that mean amplitude was a function of
sentence type, F(1,11) = 14.43, p < 0.01, and that the
responses to the anomalous words were differentially
affected by manipulations to the probability of the
anomalies [probability X sentence type X electrode site:
F(2,22) = 4.45,p < 0.05}.

Separate analyses were performed on data from each
anomaly condition. For uppercase words, ERPs in the
low probability condition were larger over midline sites,
particularly at posterior sites [probability condition X
clectrode site: F(2,22) = 4.96, p < 0.05]. Reliable differ-
ences were observed over the right [F(1,11) =4.11,p =
0.06] but not over the left hemisphere [F(1,11) =1.20,
Db > 0.2]. For the agreement condition, the difference
in amplitude of the late positive shift across violating
and control sentences was not reliable, p > 0.2 in all
analyses.

Thus, the results of Experiment 2 indicate that al-
though the amplitude of the positive-going response to
uppercase words was a function of the probability of
encountering an uppercase word within the list, the
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response to agreement violations was not reliably af-
fected by the probability of encountering an agreement
violation.

EXPERIMENT 3

In Experiment 3 we attempted to determine whether
the positivities elicited by uppercase and agreement-
violating words have additive effects. Subjects read sen-
tences similar to those presented in Experiments 1 and
2, plus a fourth sentence type containing a word that
was both agreement-violating and in uppercase letters
(see Table 1). In the simplest case of complete inde-
pendence, the “doubly anomalous” words might be ex-
pected to elicit a response that approximates a linear
summation of the responses to the two types of anomaly
when they occur in isolation (cf. Kutas & Hillyard,
1980a). However, this prediction is complicated by re-
cent evidence that the P3b component reflects the
summed activity of an indeterminate number of inde-
pendent neural sources, each of which responds to a
specific (and unique) aspect of the stimulus (e.g., the
probability, task relevance, and informational content of
the stimulus; Johnson, 1989, 1993; Ruchkin et al., 1990).
If the responses to uppercase words and agreement
violations share any of these independent sources, then
the response to the doubly anomalous words will be
less than the linear summation of the two responses in
isolation.
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Figure 8. Grand average
ERPs to agreement violations
when they comprised 60%

(solid line) and 20% (dashed
line) of the trials, Experi-
ment 2.

— {60%) *The doctors believes... {20%) *The doctors believes . . .

Results and Discussion
Sentence-Acceptability Judgments

Sentences in the nonanomalous, agreement-violating, up-
percase, and doubly anomalous conditions were judged
to be acceptable on 93, 14, 5, and 1% of the trials,
respectively, F(3,45) = 421.

Event-Related Potentials

Grand average ERPs to the critical words in the four
sentence types are shown in Figure 9. (Thirteen percent
of the trials were rejected due to artifact.) As in Experi-
ments 1 and 2, uppercase words elicited an increase in
the P2/P3a component, a posterior-maximal P3b, and a
late slow wave. Agreement violations elicited a positive
shift with an onset around 500 msec. ERPs elicited by
doubly anomalous words overplotted those to upper-
case words from word onset to roughly 500 msec sub-
sequent to word onset. At about 500 msec, ERPs to the
doubly anomalous words diverged from those to upper-
case words by becoming more positive-going, and re-
mained so for the remainder of the recording epoch at
most sites.

ANOVAs performed on mean amplitude within the
200-300 msec window revealed a main effect for sen-
tence type [midline, FA(3,45) = 25, p < 0.0001; lateral,
F(3,45) = 9.51, p < 0.001], reflecting the increase in
P2/P3a amplitude in the uppercase and doubly anoma-

lous conditions. This effect was larger anteriorly [sen-
tence type X clectrode site: midline, F(6,90) =4.09,p <
0.01; lateral, F(3,45) = 3.76, p < 0.05) and in the left
hemisphere [sentence type X hemisphere: F(12,180) =
13.75, p < 0.001]. Simple effects analyses on midline
data indicated that ERPs to both uppercase words and
doubly anomalous words were reliably more positive-
going than those to nonanomalous controls [upper-
case: F(1,15) = 34.98, p < 0.0001; doubly anomalous:
F(1,15) = 42.22, p < 0.0001] and agreement violations
[uppercase: F(1,15) = 26.09, p < 0.001; doubly anoma-
lous: F(1,15) =306.36,p < 0.001].No reliable differences
were found between agreement violations and controls,
or between uppercase and doubly anomalous words.
Analyses on mean amplitude within the 300-500 msec
window again revealed a main effect for sentence type
[midline, F(3,45) = 46.70, p < 0.001; lateral, F(3,45) =
33.50, p < 0.0001], indicating the onset of the P3b
component in the uppercase and doubly anomalous
conditions. Differences between conditions were largest
over posterior portions of the right hemisphere [sen-
tence type X hemisphere x electrode site: F(12, 180) =
3.27,p < 0.01]. As in the earlier window, simple effects
analyses indicated that both uppercase and doubly
anomalous words were reliably more positive-going in
this region than nonanomalous controls [uppercase:
F(1,15)=75.52, p < 0.0001; doubly anomalous: F(1,15) =
85.93,p < 0.0001] and agreement violations [uppercase:
F(1,15) = 54.60, p < 0.0001; agreement violations:
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Figure 9. Grand average
ERPs to nonanomalous (solid
line), agreement-violating
(small dashes), uppercase
(large dashes), and doubly
anomalous words (line-dash
alternations), Experiment 3.

—— The doctors believe . . .

--- The doctors BELIEVE . . .

----- *The doctors believes . . .

—= *The doctors BELIEVES . . .

F(1,15) = 63.19, p < 0.0001], but did not differ from
each other.

The most critical analyses involved mean amplitude
within the 500-800 msec window, since it was within
this window that both the agreement and case anomalies
elicited ERPs distinct from those to controls; hence, it
was in this window that evidence of additivity should be
found. Again, the main effect for sentence type was
reliable [midline, F(3,45) = 61.97, p < 0.0001; lateral,
F(3,45) = 61.51, p < 0.0001]. Furthermore, there was a
highly reliable interaction between sentence type and
electrode site [midline, F(6,90) = 17.96, p < 0.001; lat-
eral, F(12,180) =7.51,p < 0.01], reflecting the posterior
distribution of differences. Subsequent simple effects
analyses revealed the following effects: ERPs to all three
types of anomaly were reliably more positive-going than
ERPs to controls [agreement violations: midline,
F(1,15) =23.39,p < 0.001;lateral, F(1,15) =21.28,p <
0.01; uppercase words: midline, F(1,15) = 94.50, p <
0.0001; lateral, F(1,15) = 96.05, p < 0.0001; doubly
anomalous words: midline, F(1,15) = 160.05, p <
0.0001; lateral, F(1,15) = 155.63,p < 0.0001]. More criti-
cal were direct comparisons of ERPs to the three anom-
aly types. ERPs to uppercase words were more
positive-going than those to agreement violations
[midline, F(1,15) = 23.85, p < 0.0001; lateral, F(1,15) =
26.90, p < 0.0001). Furthermore, these effects had reli-
ably different scalp distributions at lateral sites; as in
Experiments 1 and 2, ERPs to uppercase words were
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largest over posterior regions of the right hemisphere,
whereas ERPs to agreement violations were more evenly
distributed across the hemispheres [sentence type X
hemisphere X electrode site: raw data, F(4,60) = 3.20,
D < 0.05; normalized data, F(4,60) = 3.03, p < 0.05].
Finally, ERPs to doubly anomalous words were more
positive-going than those to agreement-violating
[midline, F(1,15) = 61.09, p < 0.0001; lateral, F(1,15) =
61.77, p < 0.0001] and uppercase words [midline,
F(1,15) = 859, p < 0.01; lateral, F(1,15) = 7.15, p <
0.01].

Thus, two predictions that follow from the inde-
pendence hypothesis were supported in the above
analyses: ERPs to the doubly anomalous words were
reliably more positive-going between 500 and 800 msec
than were ERPs to either of the anomaly types in isola-
tion, and the onset of differences between the doubly
anomalous and uppercase conditions occurred at about
the same time as did differences between the agreement-
violating and nonanomalous control words (i.e., at about
500 msec). We performed additional analyses to more
precisely investigate these hypotheses. To obtain a more
precise measure of the onset of differences between the
agreement-violating and control conditions and between
the doubly anomalous and uppercase conditions, we
computed mean amplitude at midline sites within suc-
cessive 50-msec windows, beginning at 200 msec and
continuing until 600 msec. In both comparisons, reliable
differences between conditions did not emerge until the

Volume 8, Number 6



Figure 10. ERPs to doubly
anomalous words (solid line)
and a composite waveform

(sce text), Experiment 3.

— Doubly anomalous words (chservedt T

500-550 msec window [agreement-violating vs. control:
F(1,15) = 11.62, p < 0.01; doubly anomalous vs. upper-
case: F(1,15) = 4.48,p = 0.05].

To more precisely evaluate the additivity of the re-
sponses to uppercase and agreement anomalies, we fol-
lowed the procedures employed by Kutas and Hillyard
(1980a), who examined the additivity of the N400 and
P300 components. Under the assumption of simple ad-
ditivity, ERPs to the words that were both uppercase and
agreement violations (ucy) should be equivalent to a
composite waveform algebraically constructed from
three components: the response to the lowercase non-
violating control words (Icay) plus the effects of upper-
case alone (ucyy minus Icyy) and the agreement violation
alone (Icy minus Icyy). That is,

ucy = leyy + (ueny — leyy) + ey — leny) @)

Figure 10 plots the observed response to the doubly
anomalous words (solid line) and the constructed com-
posite waveform (dashed line). At most sites, the ob-
served waveform was reduced in amplitude relative to
the composite waveform, particularly between about
600 and 800 msec. To determine whether the waveforms
were reliably different within the critical region, we
performed ANOVAs on mean amplitude within the 500-
800 msec window. The two waves did not reliably differ,
neither at midline, F(1,15) = 2.23,p > 0.1, nor at lateral
sites, F(1,15) = 2.05,p > 0.1.

Note that Eq. (1) can be manipulated to form the
following equation:

ucy — ucyy = ley — lewy (@3]

That is, if the response to the agreement violations is
completely independent of whether the word is in up-
per or lower case, the difference between the uppercase
agreement-violating and nonviolating words should
equal the difference between the lowercase agreement-
violating and nonviolating words. We formed difference
waves by subtracting ERPs to nonviolating words from
those to violating words for each of the case conditions.
The resulting waveforms are shown in Figure 11. These
waveforms have strikingly similar onsets and scalp dis-
tributions, although they clearly differ (but not reliably)
in amplitude within the region associated with the re-
sponse to agreement violations, e.g., between 500 and
900 msec.

These observations indicate that although the effects
of agreement violations and uppercase words appeared
to be additive, this additivity was not a simple linear
summation, although differences between the expected
and observed waveforms were not statistically reliable.
The lack of perfect additivity might be partly explained
by recent indications that the P3b component is a com-
posite of activation in a number of independent neural
sources (Johnson, 1989, 1993; Ruchkin et al., 1990). In
particular, the results of Experiment 1 indicated that the
amplitude of the positivities elicited by the uppercase
and agreement-violating words were both affected by a
change in task relevance (although such effects were
more robust and reliable in the uppercase condition).
One reasonable possibility, then, is that in Experiment 3,
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Figure 11. Difference waves
formed by subtracting ERPs to
nonanomalous control words
from ERPs to agreement viola-
tions (solid line), and ERPs to
uppercase words from ERPs
to doubly anomalous words
(dashed line), Experiment 3.

01 e Dercidi,

300 600 900

~— Agreement violation-control e Doubly anomalous - uppercase

in which subjects made sentence-acceptability judg-
ments, both types of anomaly activated (in common) the
neural systems that respond specifically to the task rele-
vance of the anomalies. If s0, then one would not expect
the contributions of these neural systems to the positive-
going activity to summate when the stimulus is doubly
anomalous, especially given that the uppercase, agree-
ment-violating, and doubly anomalous words were all
equally task relevant and informative with respect to the
trial outcome. A preliminary indication of whether this
factor can account for the lack of simple additivity is
provided by a cross-experiment comparison. Note that
some of the subjects in Experiment 1 were asked to read
the sentences without making any sort of explicit judg-
ment about sentence acceptability. Presumably, such con-
ditions minimize the effects of the neural systems
responding to the task-relevance and trial-outcome prop-
erties of agreement-violating words. Difference waves,
formed by subtracting the response to the nonanomal-
ous words from that to agreement violations in the
passive reading condition in Experiment 2 (solid line)
and the response to the uppercase words from the
response to the doubly anomalous words in Experiment
1 (dashed line), are shown in Figure 12. Even though this
comparison involves different subjects in each group
(and different numbers of subjects and trials across con-
ditions), the two waveforms were quite similar at most
electrode sites in terms of onset and amplitude. These
preliminary indications suggest that once the nonaddi-
tive effects of task relevance and trial-outcome informa-
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tion are taken into account, the effects of physical (up-
percase) anomalies and grammar-violating (agreement)
anomalies summate in an approximately linear fashion.

GENERAL DISCUSSION

The three experiments reported here comprised an in-
itial effort to determine whether the positive shift elic-
ited by syntactic violations is distinct from the P300
family of positivities elicited by unexpected, task-
relevant events. We directly contrasted the response to
agreement violations and uppercase words, which were
predicted to elicit the syntactic positive shift (P600) and
P300 responses, respectively. Several important findings
were reported. First, whereas uppercase words elicited
the classic P300 complex of positivities (a frontocentral
P2/P3a peaking at about 300 msec, a centroparictal P3b
peaking at about 500 msec, and a late slow wave), agree-
ment violations elicited a late positive wave with a dis-
tinct morphology, time course, amplitude, and scalp
topography. Second, although the amplitude of the re-
sponse to uppercase words was reliably affected by
changes in the task relevance and probability-of-occur-
rence of the anomaly, these factors had smaller and less
reliable effects on the response to agreement violations.
Third, the uppercase anomalies and agreement violations
had additive effects, and preliminary results indicated
that the additivity approximated a linear summation
when the (putatively nonadditive) effects of the task
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Figure 12. Difference waves
formed by subtracting ERPs

to nonanomalous words from T y

those to agreement violations F7 "l MR
in the passive reading condi- +

tion of Experiment 1 (solid

line), and ERPs to uppercase -

words from those to doubly T .

anomalous words (dashed L22 ‘—1 G
line), Experiment 3. +

Buv L

~—— Agrmtviol - ctl (Exp 1 passiveread -
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relevance and informational content of the anomaly
were taken into account.

All of these results are consistent with the claim that
the response to at least one type of syntactic anomaly is
not identical to the domain-general response to attended,
unexpected events. It could be argued, however, that
none of these results, in isolation, represents definitive
cvidence in support of this claim. For example, given
that P3b latency is known to be a function of stimulus
complexity, the differences in peak latency across con-
ditions might reflect the likely possibility that uppercase
words are more easily detected than are agreement vio-
lations. The reduction in peak amplitude in the agree-
ment condition could result from increased latency jitter
across trials and subjects. Differences in morphology and
distribution across conditions might reflect differences
in the relative timing of the P3b and slow wave compo-
nents. However, such possibilities have difficulty ac-
counting for all of the observed facts. If the syntactic
effect is indeed a P3b, slow wave, or some combination
of these components, then why did probability manipu-
lations fail to affect the amplitude of the syntactic re-
sponse as they affected P3b and slow wave amplitude
in the response to uppercase words? The strength of the
present study, in our view, is that the results reported
here provide converging evidence that the ERP response
to agreement violations is (at least partially) neurally and
functionally distinct from the ERP response to nonsyn-
tactic anomalies, whereas alternative explanations for
particular results tend to be inconsistent with the results
as a whole.

The possibilities discussed above presume that the
P3b, slow wave, and syntactic positive shift are in large
degree monolithic effects, i.e., that each effect reflects
activity in a unique neural source or set of sources and
(by implication) in a restricted, well-delineated set of
cognitive processes. Perhaps a more realistic scenario is
that these components are composites reflecting simul-
taneous activation in a number of more or less distinct
neural and cognitive systems (Johnson, 1993; Ruchkin et
al., 1990). Under such a scenario, the issue then becomes
the degree of neural or cognitive similarity between two
effects, rather than whether the syntactic positive shift
is or is not a P3b or slow wave. For example, the ampli-
tudes of both the syntactic positive shift and the P300
were affected by the task relevance of the anomaly
(although the P300 seems to be much more sensitive to
this variable than does the syntactic positive shift). This
might indicate that both responses share a common
neural source that is sensitive to task relevance. More
generally, late-occurring endogenous components such
as the syntactic positive shift might prove to be sensitive
to a variety of factors reflecting the cognitive state of the
subject (e.g., attentional, motivational, or strategic fac-
tors) even while being more selectively sensitive to cer-
tain aspects of cognitive function.

We should also note two recent reports indicating that
the response to syntactic anomalies is in fact sensitive
to probability manipulations, at least under certain ex-
perimental conditions (Coulson, King, & Kutas, 1995;
Gunter, Vos, & Gulder, 1995). For example, Coulson et al.
(1995) manipulated the probability (80% vs. 20%) of
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subject-verb number and pronoun-antecedent case
agreement violations. The response to the agreement
violations was significantly larger in the 20% condition
than in the 80% condition. This finding seems to contra-
dict the finding reported here (Experiment 2) that the
response to agreement violations is not sensitive to prob-
ability manipulations. At present, it is unclear how to
reconcile these conflicting reports. It might be that prob-
ability manipulations stronger than that used here will
reveal reliable effects of probability on the response to
syntactic anomalies. Regardless, it is our view that these
reports provide insufficient grounds for concluding that
the syntactic positive shift is another instantiation of the
P300 family, for at least two reasons. First, it is entirely
possible that both effects are probability-sensitive under
certain conditions and yet remain largely distinct in
terms of their underlying neural and cognitive events
(e.g., it is possible that both effects are independently
sensitive to probability manipulations, or that both ef-
fects share in common a probability-sensitive neural sys-
tem but are independent in all other respects). Second,
the critical issue is whether or not the responses to
syntactic and nonsyntactic anomalies are similarly af-
Jected by probability manipulations, not simply whether
or not the syntactic anomaly response is sensitive to
probability. Importantly, neither Coulson et al. (1995) nor
Gunter et al. (1995) presented nonsyntactic anomalies,
thereby preventing an evaluation of the relative effects
of probability on the responses to "syntactic" and "non-
syntactic" anomalies. However, the probability-related
amplitude changes reported in these studies appeared to
be much smaller in amplitude than previously reported
changes in the P300 component, given a similar manipu-
lation of probability (cf. Duncan-Johnson & Donchin,
1977).

The possibility that the ERP responses to agreement
violations and uppercase words share a sensitivity to
some subset of neural and cognitive processes is an
important issue for subsequent study, as is the possibility
that the syntactic positive shift will prove to be highly
sensitive to probability and task manipulations under
other experimental conditions. However, our results pro-
vide a preliminary indication that the ERP response to
one type of syntactic anomaly is (at least to an interest-
ing degree) both neurally and cognitively distinct from
the response to one type of unexpected, task-relevant
anomaly that does not involve the grammar. We should
explicitly note that these results do not bring us closer
to an understanding of the precise cognitive and neural
events underlying these two brain responses. In particu-
lar, the current findings do not directly address the ques-
tion of whether or not the syntactic positive shift is
uniquely related to the processes underlying the syntac-
tic analysis of sentences. Nonetheless, these results are
largely inconsistent with the most salient alternative to
the language specificity hypothesis, namely, the possibil-
ity that the syntactic positive shift is simply another
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manifestation of the domain-general response to improb-
able or unexpected events.

METHODS
Experiment 1
Subjects

Twenty-four undergraduates (15 females and 9 males)
participated for course credit. In this and all subsequent
experiments, all subjects were right-handed, native Eng-
lish-speaking students from the University of Washington
who had normal or corrected-to-normal vision. Ages
ranged from 18 to 22 (M = 20) years.

Materials

One hundred and fifty sentence triplets were con-
structed, as exemplified by the sentences in Table 1. Each
sentence began with a plural noun phrase in subject
position. One version of each sentence was grammati-
cally well-formed and contained no anomalies of any
type. A second version (agreement violation condition)
contained a matrix verb that appeared in its singular
form, engendering a number mismatch between the plu-
ral subject noun and the singular verb. In a third version
(physical anomaly condition), the verb appeared in the
correct plural form but was presented in uppercase
letters. These materials were counterbalanced across
three stimulus lists, such that each list contained one
version of each sentence and 50 exemplars of each
sentence type. Fifty well-formed, nonanomalous filler
sentences were then added to each list. Hence, each
subject saw 200 sentences, 100 of which contained an
anomaly.

Procedure

Each trial consisted of the following events: A fixation
cross appeared for 500 msec, after which a sentence was
presented in a word-by-word manner, with each word
appearing on the center of the screen for 350 msec. A
blank-screen interval of 350 msec separated words. Sen-
tence-ending words appeared with a period. A 1450-
msec blank-screen interval followed each sentence. In
the sentence-acceptability condition, the blank screen
interval was followed by a prompt asking subjects to
decide if the preceding sentence was “acceptable” or
“unacceptable.” Acceptable sentences were defined as
those that were semantically coherent and grammatically
well-formed. Subjects responded by pressing one of two
buttons, which were counterbalanced (left and right)
across subjects. Subjects in the passive reading condition
simply pushed one button when they were ready for the
next trial. Testing occurred in one 2-hour session, during
which subjects were seated in a comfortable chair lo-
cated in an isolated room.
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Data Acquisition and Analysis

Continuous EEG was recorded from 13 scalp sites using
tin electrodes attached to an elastic cap (Electrocap
International). Electrode placement included Interna-
tional 10-20 system locations (Jasper, 1958) over ho-
mologous positions over the left and right occipital (O1,
02) and frontal (F7, F8) regions and from frontal (Fz),
central (Cz), and parietal (Pz) midline locations. In addi-
tion, several nonstandard sites over posited language
centers were used, including Wernicke’s area and its
right hemisphere homologue (WL, WR: 30% of the in-
teraural distance lateral to a point 13% of the nasion-
inion distance posterior to Cz), temporal (TL, TR: 33% of
the interaural distance lateral to Cz), and anterior tem-
poral (ATL, ATR: one-half the distance between F7/F8 and
T3/T4). Vertical eye movements and blinks were moni-
tored by means of two electrodes, one placed beneath
the left eye and one placed to the right of the right eye.
The above 15 channels were referenced to an electrode
placed over the left mastoid bone and were amplified
with a bandpass of 0.01 to 100 Hz (3 dB cutoff) by a
Grass Model 12 amplifier system. Activity over the right
mastoid was actively recorded on a sixteenth channel to
determine if there were any effects of the experimental
variables on the mastoid recordings. No such effects
were observed.

Continuous analog-to-digital conversion of the EEG
and stimulus trigger codes was performed by a Data
Translation 2801-A board and a 486-based computer at a
sampling frequency of 200 Hz. Epochs were comprised
of the 100 msec preceding and the 1180 msec following
presentation of individual words in the sentences. Trials
characterized by excessive eye movement or amplifier
blocking were removed prior to averaging. Analyses in-
volving mean amplitude and peak amplitude were per-
formed. Mean amplitude was quantified within a latency
range following presentation of words of interest relative
to a baseline of activity comprised of the 50 msec of
activity following presentation of the word of interest.®
In most cases, analyses of variance were performed on
mean amplitude within three time windows: 200-300,
300-500, and 500-800 msec. These windows were cho-
sen because they roughly correspond to the latency
ranges of the P2/P3a, P3b, and syntactic positive
shift/slow wave positivities. Peak latency was quantified
as the largest positive voltage within a specific time
window. Reliable main effects and interactions were fol-
lowed when appropriate by simple effects analyses; the
error term for these analyses was the within-groups
mean square from the original analysis of variance (cf.
Keppel, 1982). Data acquired at midline and lateral sites
were treated separately to allow for quantitative analysis
of hemispheric differences. On data acquired over
midline sites, ANOVAs were performed with repeated
measures on three levels of sentence type and three
levels of electrode site. On data acquired over lateral

sites, the ANOVAs involved repeated measures on sen-
tence type, five levels of electrode site, and two levels of
hemisphere. To protect against Type I error due to viola-
tions of the assumption of equal variances of differences
between conditions of within-subject factors, the Geis-
ser-Greenhouse correction (Greenhouse & Geisser,
1959) was applied when evaluating effects with more
than one degree of freedom in the numerator. In such
cases, the corrected p value is reported. For analyses
involving significant interactions between sentence
types and electrode sites in the presence of a reliable
main effect of sentence type, two sets of analyses were
reported: analyses on raw data, and analyses on data that
have been normalized following the procedure de-
scribed by McCarthy and Wood (1985). This normaliza-
tion procedure was used because in certain cases
spurious interactions can result if the experimental ef-
fects are of different overall amplitude. To minimize the
number of reported analyses, analyses on normalized
data are reported only when the effect is deemed to be
theoretically important (i.e., when the distributions of
the responses to two anomaly conditions are directly
compared).

Experiment 2
Subjects

Twelve undergraduate and graduate students (8 males
and 4 females) participated for course credit or for a
small compensation. Ages ranged from 18 to 38 (M = 22)
years. Each subject participated in two experimental
sessions separated by at least 1 week.

Materials

One hundred and eighty experimental sentences were
constructed. Each sentence contained a singular or plu-
ral noun in subject position of the matrix clause. (Some
of these sentences had been used in Experiments 1 and
2.) These sentences were divided into two sets (A and
B) of 90 sentences each. Three versions of each sentence
were constructed: nonanomalous, sentences that con-
tained a matrix verb that disagreed in number with the
subject noun, and sentences that contained an upper-
case word. As in Experiment 1, the critical word was
always the same across all versions of a sentence. Within
each set, the sentences were then combined in a latin
square design to form three stimulus lists such that each
list contained 30 sentences of each type with only one
version of a particular sentence on a given list.

One hundred and twenty filler sentences were also
constructed. These filler sentences were similar in form
to the experimental sentences, and were used to ma-
nipulate the probability of occurrence of the agreement
and case anomalies across lists. Sixty of the fillers were
added to each of the three stimulus lists in Set A, the
other 60 were added to Set B. Two versions of each filler
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sentence were created: sentences containing an agree-
ment violation (of the type noted above) and 60 contain-
ing an uppercase word. Again, the critical word was
always the same word across versions of a sentence. The
agreement-violating versions were added to the experi-
mental sentences to form lists containing 30 nonanomal-
ous sentences, 90 sentences containing an agreement
violation, and 30 sentences containing an uppercase
word (the “60% agreement/20% uppercase” condition).
The uppercase word versions of the fillers were added
to the experimental sentences to form lists containing
30 nonanomalous sentences, 30 sentences containing
agreement violations, and 90 sentences containing an
uppercase word (the “20% agreement/60% uppercase”
condition). Thus, there were a total of 12 stimulus lists,
each of which contained 150 sentences, 120 of which
were anomalous. In the “60% agreement/20% uppercase”
condition, agreement and case anomalies occurred on 60
and 20% of the trials; those percentages were reversed
in the “20% agreement/60% uppercase condition.” Simi-
lar shifts in probability have been shown to elicit large
changes in P300 amplitude (e.g., Duncan-Johnson &
Donchin, 1977).

Procedure

These were identical to those used in Experiment 1, with
the following exception. Each subject was run twice,
once on a list with 90 agreement violations and 30
uppercase words, and once on a list with 30 agreement
violations and 90 uppercase words. The order of list
presentation was counterbalanced such that half of the
subjects saw the “60% agreement/20% uppercase” list
first, and half did not. Furthermore, subjects always saw
sentences from Set A during one session and sentences
from Set B in the second session, or the reverse; order
of presentation was counterbalanced across subjects.
Hence, no subject saw more than one version of a
particular experimental or filler sentence during the en-
tire two-session experiment. For all but one subject, the
first and second sessions were separated by 1 week and
occurred at the same time of day. For one subject, 11
days intervened between test sessions.

Experiment 3
Subjects

Sixteen undergraduates (8 females and 8 males) partici-
pated for course credit or for a small compensation. Ages
ranged from 18 to 42 (M = 25) years.

Materials

Four versions of 120 sentences were constructed, as
exemplified in Table 1. These sentences were modified
versions of a subset of the experimental sentences used
in Experiment 1. The critical words in the four versions
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were as follows: nonanomalous, uppercase, agreement-
violating, or doubly anomalous, i.e., both in uppercase
letters and an agreement violation. These materials were
counterbalanced across four stimulus lists, such that
each list contained one version of each sentence and 30
exemplars of each sentence type. In addition to the
experimental sentences, 60 well-formed, nonanomalous
filler sentences were also constructed and added to each
stimulus list. These fillers consisted of a variety of sen-
tence structures.

Procedures

Procedures were identical to those used during Experi-
ment 2, except that ANOVAs involved four levels of
sentence type.
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Notes

1. Exceptions exist in the literature to the generalization that
semantic anomalies elicit a monophasic negative-going wave
(N400), whereas syntactic anomalies elicit a monophasic posi-
tive-going wave (syntactic positive shift). For example, Miinte
and Heinze (1994) reported that semantic anomalies encoun-
tered during the reading of text elicited both an N400 effect
and a subsequent late positive wave, and in some reports
syntactic anomalies have elicited a negativity over left anterior
regions (Miinte, Heinze, & Mangun, 1993; Rosler et al., 1993).

2. Identification of the precise cognitive events underlying the
subcomponents of the P300 remains an issue for debate. Hy-
potheses concerning this question are typically stated as gen-
eralizations over the set of stimulus or task manipulations that
alter the characteristics of the component (Donchin & Coles,
1988). The P3a has been posited to reflect an “orienting re-
sponse” to novel stimuli (cf. Sutton & Ruchkin, 1984). The P3b
has been associated with the updating of working memory (cf.
Donchin, 1981; Donchin & Coles, 1988) or with processes that
extract and evaluate information (Johnson, 1993; Ruchkin et al.,
1982). Functional characterizations of the slow wave are more
tentative, although some researchers have proposed that it
reflects the mobilization of effort that occurs in response to
task demands (Ruchkin et al., 1982).

3. The use of scalp distribution to determine whether two
effects are generated by independent neural sources becomes
somewhat problematic when the effects to be contrasted are
composites of activity in multiple sources. For example, two
effects that are composites of activity in several simultaneously
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active neural sources might have distinct distributions, even if
a subset of these neural sources contributes to both effects.
4. The Rule of Superposition assumes homogeneity of the
conductive medium, which is clearly an idealization of the
conductive properties of neural tissue (cf. Nunez, 1981).

5. We computed difference waves rather than directly com-
pare ERPs in each task condition in order to isolate the effects
of interest from general effects of the change in task and the
use of separate groups of subjects in the two task conditions.
6. The conventional procedure would be to use a prestimulus
baseline, i.e., a baseline comprised of activity preceding critical
word onset. We used the poststimulus baseline to mitigate
small differences between conditions that existed very early in
the epoch (e.g., within the initial 50 msec) when a prestimulus
baseline was used. Given their very early onset, it is highly
unlikely that these small differences resulted from our experi-
mental manipulations. In employing a poststimulus baseline,
we hoped to mitigate the influence of these differences when
assessing the effects of our manipulated variables. However, we
also performed all of the analyses reported here with a baseline
comprised of the 100 msec of activity preceding critical word
onset. The results of these analyses were quite similar in most
respects to those reported.
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