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Abstract

In 2005, DeLong, Urbach, and Kutas took advantage of the a/an English indefinite article phonological alternation

and the sensitivities of the N400 ERP component to show that readers can neurally preactivate individual words of a

sentence (including nouns and their prenominal indefinite articles) in a graded fashionwith a likelihood estimated from

the words’ offline probabilities as sentence continuations. Here we report an additional finding from that study: a

prolonged ERP frontal positivity to less probable noun continuations. We suggest that this positivity is consistent with

hypotheses that additional neural processing may be invoked when highly expected continuations are not encountered

in the input and speculate briefly on possible functional correlates.
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Sentence comprehension studies in the past decade have revealed

multiple consequences of prediction during language processing,

manifest at a number of different linguistic levels and time points

(e.g., Federmeier & Kutas, 1999; Kamide, Altmann, & Hay-

wood, 2003; van Berkum, Brown, Zwitserlood, Kooijman, &

Hagoort, 2005; Wicha, Moreno, & Kutas, 2004). Within event-

related brain potential (ERP) research, a primary tool for track-

ing linguistic anticipation has been the N400Felectrical brain

activity whose amplitude is reduced to the extent an eliciting item

is semantically predictable within accruing context. Along with

N400 ERP effects, there have been some reports of later pos-

itivities (i.e., LPs, or in some cases referred to as P600s) to se-

mantically improbable or incongruent sentence continuations.

For instance, LPs have been detected byFedermeier,Wlotko, De

Ochoa-Dewald, and Kutas (2007) to strong sentential constraint

violations; by Coulson and Van Petten (2002) to metaphoric

sentence endings; by Swick, Kutas, and Knight (1998) to incon-

gruent sentence completions; by Moreno, Federmeier, and Ku-

tas (2002) to English-Spanish code switches and low cloze

sentence continuations; by van de Meerendonk, Kolk, Vissers,

and Chwilla (2010) to strong but not mild sentential conflicts;

and see Kuperberg (2007) for a review of so-called ‘‘semantic

P600s.’’ Although a common functional link between these pos-

itivities has yet to be established, an intriguing possibility is that

they reflect some consequence of preactivating information dis-

confirmed by the actual input stream. Such findings would be

important, in part, because the apparent absence of experimental

evidence for a consequence to ‘‘mispredicting’’ has constituted a

cornerstone of arguments against prediction being a viable lan-

guage comprehension strategy (e.g., Morris, 2006). However, if

neural preactivation is a default processing mechanism, then

theremust be times when the parser assumes the wrong semantic,

syntactic, or phonological trajectory.

The N400 component, however, does not provide such ev-

idence. It correlates linearly with an item’s cloze probability but

traditionally has proven insensitive to degree of constraint vio-

lation (Kutas & Hillyard, 1984); responses to low cloze contin-

uations exhibit the same amplitude N400s following both highly

and not-at-all constraining contexts. For example, N400 ampli-

tude to thought in ‘‘He mailed the letter without a thought’’ is not

statistically different from that to wind in ‘‘He was soothed by the

gentle wind,’’ even though these sentences differ markedly in de-

gree of contextual constraint. In short, the N400 seems to reflect

degree of contextual facilitation, but not any consequence of

disconfirming context-generated expectancies. Support for a la-

ter (post-N400) ERP positivity that might reflect some conse-

quence of expectancy disconfirmation, however, was reported by

Federmeier et al. (2007), who observed more positive-going
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ERPs between 500–900ms post-noun onset to improbablewords

continuing strongly but not weakly constraining contexts.

Data from DeLong, Urbach, and Kutas (2005) also speak

directly to this issue. In that study, participants read sentences of

varying constraint that induced expectations for particular con-

sonant or vowel-initial nouns, which ranged from highly prob-

able to unlikely, based on offline cloze probability norming: e.g.,

‘‘Dale was very sorry and knew he owed Mary an apology/a check

. . . ’’ (where ‘‘an apology’’ is the most likely continuation, and ‘‘a

check’’ is unlikely). The experimental design supported the con-

clusion that readers were anticipating specific target nouns on-

line, as inferred from smaller N400s to pretarget noun articles

consistent with contextually expected nouns (e.g., an apology)

compared to inconsistent ones (e.g., a check). In addition to cloze

probability-graded target article and noun N400 effects, visual

inspection indicated that within the noun N400 time window

(300–500ms) the typical N400 pattern (larger ERP negativity for

low relative to high cloze nouns) ‘‘flipped’’ over left, lateral,

frontal scalp locations. Moreover, this reversal of the cloze

probability N400 effect appeared to extend through 500–1200

ms, well beyond theN400 timewindow. In this report, we test the

statistical reliability, topographical distribution, and the sensi-

tivity of this ERP effect to cloze probability (and, indirectly,

contextual constraint) manipulations.

Methods

Eighty sentences were continued by relatively expected or unex-

pected indefinite article/noun pairs (160 total stimuli). Noun

targets were normed for cloze probability with sentences trun-

cated following the target indefinite articles (as detailed in

DeLong et al., 2005). Targets were sentence medial and congru-

ent, serving as both expected and unexpected continuations in

different contexts. Each participant viewed one of two lists (80

sentences each), and contexts and target pairs were used only

once per list. Each list contained equal numbers of relatively

expected/unexpected, as well as a/an, targets. Comprehension

questions followed one quarter of sentences, with an average

correct response rate of 94.6% (range 88%–100%).

Thirty-two University of California, San Diego volunteers

(23 women, 9 men) participated for course credit or cash. Par-

ticipants were right-handed, native English speakers with normal

or corrected-to-normal vision, ranging from 18–37 years old

(mean, 21 years). Seven participants reported a left-handed par-

ent or sibling.

Testing consisted of a single experimental session, with words

presented centrally using rapid serial visual presentation (dura-

tion of 200 ms, interstimulus interval of 300 ms). Participants

read for comprehension, using hand-held buttons to answer

questions.

The electroencephalogram (EEG) was recorded from 26 elec-

trodes arranged geodesically in an electro-cap, each referenced

online to the left mastoid. Artifact-contaminated target trials

were rejected offline before averagingFon average, 14.1% of

noun data. Data were rereferenced offline to the algebraic mean

of the left and right mastoids and averaged for each experimental

condition, time-locked to the onset of the target noun.

Analyses of variance (ANOVAs) were conducted with two

levels of stimulus type (high � 50%, lowo50% cloze nouns)

and 26 levels of electrode site. Significant interactions were

followed up by distributional ANOVAs using 16 representative

electrode sites (see Figure 1). All reported ANOVA p-values are

after epsilon correction (Huynh-Feldt) for repeated measures

with more than one degree of freedom.

We also conducted a new analysisFan alternative to the

Pearson product-moment correlations calculated in DeLong

et al. (2005)Fto investigate the relationship between noun cloze

and ERP mean amplitude. Here, we performed repeated mea-

sures ordinary least squares regression analyses (Lorch &Myers,

1990) on the 26 scalp channels in both the N400 and LP time

windows. The response variable was mean EEG amplitude and

the predictor variable (in addition to an intercept term) was tar-

get noun cloze probability (ranging from 0%–100%). In each

timewindow, a ‘‘tmax’’ permutation procedure (Blair &Karniski,

1993) was used to correct for the 26multiple comparisons using a

family-wise alpha level of 0.05. Five thousand permutations of

the data were used to estimate the tmax distribution of all possible

permutations, which is five times more permutations than the

minimum recommend by Manly (1997) for this alpha level. On

average, each participant provided 68.2 trials (SD5 10.2) for

analysis.

Results

We examine effects of cloze probability within the noun N400

(300–500ms) and a later timewindow (500–1200ms). See Figure

1 for ERPs plotted over 26 channels.

ANOVAs with 2 Levels Noun Cloze Probability (High vs. Low)

� 26 Electrode Sites

300–500 ms. There was a main effect of Cloze [F(1,31)5 21.15,

po.001], with mean amplitude of low cloze nouns (0.03 mV)
relatively more negative than that of high cloze nouns (1.53 mV).
An interaction of Cloze � Electrode [F(25,775)5 29.16,

po.0001, e5 .17] was followed upwith a distributionalANOVA

that revealed a 4-way interaction between Cloze (high, low),

Hemisphere (left, right), Laterality (lateral, medial) and Ante-

riority (prefrontal, fronto-central, temporo-parietal, occipital),

[F(3,93)5 4.87, p5 .010, e5 .72)], indicating a canonically dis-

tributedN400 effect (largest overmedial and posterior sites, with

a right-lateralized skew). However, at left lateral prefrontal sites

theN400 effect reversed, with ERPs to low cloze nouns (1.31 mV)
being relatively more positive than those to high cloze items

(0.53 mV).1

500–1200 ms. Responses to low cloze nouns (1.78 mV) were

found to be overall significantly more positive than to high cloze

nouns (1.03 mV), [F(1,31)5 6.00, p5 .020], with Cloze and

Electrode site interacting [F(25,775)5 6.28, po.001, e5 .16].

Distributional analyses revealed a Cloze � Anteriority � Later-

ality interaction [F(3,93)5 17.93, po.0001, e5 .73]. Medially,

low cloze nouns were more positive than high cloze nouns, with

progressively larger differences towards the front of the head

(0.03, 0.29, 1.07, and 1.78 mV effect sizes at occipital, central,

frontal, and prefrontal sites, respectively). Laterally, this effect

was smaller (maximal 1.01 mV effect at central sites) and less

variable along the anteriority axis.
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1More temporally fine-grained ANOVAs subdividing the N400 time
window into earlier (300–400 ms) and later (400–500 ms) portions re-
vealed that the ‘‘reversal’’ effect was primarily due to increased left an-
terior positivity for low relative to high cloze nouns in the later portion of
the N400.



RepeatedMeasures Regression Analysis of NounMeanAmplitude

with Noun Cloze Probability

300–500 ms. There were significant positive correlations of cloze

probability with mean EEG amplitude (more negative ERPs,

i.e., larger N400s, with decreasing cloze) at 13 posterior and

central electrodes (Figure 2), consistent with the scalp topogra-

phy of the categorical N400/cloze effects. The analysis also re-

vealed a correlation in the opposite direction at the midline

prefrontal electrode. In other words, with decreasing noun cloze,

ERP mean amplitude was significantly more positive over the

most anterior scalp site for this same time window.

500–1200 ms. Like the prefrontal correlation in the N400 time

window, between 500–1200ms there were significant negative

correlations of cloze probability with EEG amplitude (increasing

mean amplitude ERP positivity with decreasing cloze) at three

prefrontal and one left lateral electrode (Figure 2). This ERP

pattern suggests that the positivity reflects a similar (albeit op-

posite polarity) sensitivity to cloze as the N400, except over a

different time course and with a different scalp distribution.

Discussion

In DeLong et al. (2005)Fa study designed to test for lexical

prediction by examining N400s to more and less expected pre-

nominal articles (a/an)Fpost-hoc examination indicated a late,

positive-going ERP effect to subsequent target nouns, which,

until now, we had neither analyzed nor reported upon. In the

current study, we set out to quantify the sensitivity of this ob-

served positivity to modulations of noun cloze probability. Both

categorical ANOVA and regression analyses indicated that, in

addition to anticipated linear decreases in noun N400 amplitude

with increasing cloze probability posteriorally, there was a reli-

able prolonged positivity (beginning in the N400 time window

and extending through 1200 ms) to unexpected relative to ex-

pected nouns, primarily over anterior scalp sites. The mean

amplitude of this positivity showed a pattern of negative

correlationFi.e., increasing positivity with decreasing clozeF
with a spreading distribution across the scalp over time. Like the

N400, then, the LP appears to be similarly sensitive to variability

in the cloze probability of sententially more or less expected

nouns (as determined by offline norms). Questions remain, how-

ever, regarding the extent to which the two components reflect

the same functional process.

Our interpretation of the LP (concurrent with and following

the N400) to contextually less expected nouns might be best in-

formed by comparisons with other positivities in language con-

texts. LPs accompanying N400s to semantic experimental

manipulations have sometimes been remarked upon in the lit-

erature. Until recently, however, experimenters have shied away

from interpreting them functionally. And at that, such effects

have more frequently been observed to incongruent sentence

completions, less often to plausible ones, as in the current study.
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High (50–100%) cloze probability nouns
         e.g., Dale was very sorry and knew he owed Mary an apology...

Low (0–49%) cloze probability nouns
        e.g., Lance had moved to Hollywood in hopes of becoming a director...

N400

Late
Positivity

Noun
onset

Figure 1. Grand average target nouns sorted on noun cloze probability over all 26 channels. N400 and LP time windows are highlighted over scalp

locations where effects are prominent. The 16 electrodes used in distributional analyses are highlighted on the scalp map.



The frontal focus of our LP also contrasts with, for instance,

more posterior LPs including P600s to syntactic violations,

ambiguities, loci of syntactically driven processing difficulty, as

well as the various reports of so-called ‘‘semantic P600s’’F
effects observed to manipulations including animacy violations

(Kuperberg, Sitnikova, Caplan, & Holcomb, 2003), semantic

verb argument violations (Kim & Osterhout, 2005), and seman-

tic reversals (Kolk, Chwilla, vanHerten, &Oor, 2003), to name a

few. In the present study, however, there were no ‘‘violations’’

per se; all target nouns were congruent continuations, albeit more

or less contextually expected.

To our mind, the frontal positivity observed in the current

design is most consistent with the 500–900 ms frontal LP ob-

served by Federmeier et al. (2007) to strong, but plausible, sen-

tential constraint violations. Federmeier et al. interpreted this

finding as a consequenceFperhaps one associated with inhibi-

tion or revisionFof processing unexpected words that complete

highly predictive contexts. While our study did not directly ma-

nipulate sentential constraint, the relatively high overall con-

textual constraint of our sentences (on average, 71%, calculated

using the most commonly provided continuations from the sen-

tence norming) combined with the very low cloze noun contin-

uations, mimics the ‘‘high constraint violation’’ condition

eliciting the LP in Federmeier et al. (2007). To the extent that

our frontal LP indexes processing relating to neural preactivation

of information eventually disconfirmed by input, the effect would

be expected to correlate with some measure of cloze, constraint,

or combination thereof. Our observation of greater LP ampli-

tude to low relative to high cloze nouns is, at minimum, consis-

tent with this proposal. Low expectancy (i.e., low cloze

continuations to either weakly or strongly constraining con-

texts) and high constraint violation (low cloze continuations to

highly constraining contexts), however, are different linguistic

phenomena, though at times conflated in the literature. Thus, to

isolate effects of constraint violation and to determine whether

the frontal LP is indeed correlated with one or the other factors

(or perhaps to both), further testingFincluding a full range of

contextual constraint and cloze probabilitiesFis required. A

specific piece that our results add to this puzzle is that if our LP

and that of Federmeier et al. (2007) are functionally linked, we

show that the component’s onset can occur relatively earlyFin

some cases, partially overlapping with the N400 time window.

Thus, when compared to the remarkably consistent timing of the

N400 across linguistic manipulations, the latency of the frontal

positivity may be more variable. In the current study, it is pos-

sible that this overlap may stem from the potential of the pre-

nominal articles to cue upcoming low cloze nouns. It could be

that the brain exhibits a rapid sensitivity to not receiving what it

expects, and initiates whatever processing is indexed by the LP at

a time point occasionally coincident with the N400 peak. If so,

then processing related to, e.g., semantic activation, integration,

and/or unification (as indexed by the N400) and processing re-

lated to constraint violation (as potentially indexed by the LP)

may occur at least partially in parallel. Additionally, this overlap

4 K. A. DeLong et al.
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Figure 2. Scalp topographies of noun ERP mean amplitude/cloze probability correlations from repeated measures regression analyses. Redder shading

indicates more negative ERP responses with decreasing cloze, and bluer shading indicates increasing ERP positivity with decreasing cloze. The upper

topography maps plot slope coefficients at each channel, and the bottommaps visualize the regression coefficients as t-scores (i.e., the mean coefficient

divided by the standard error of the mean) to give a sense of how reliably the coefficients differ from zero across participants. The p-values of significant

correlations (indicated by white electrodes) range from 1e–6 � p � .019 (300–500 ms) and from .003 � p � .013 (500–1200 ms).



may help explain, in part, why such positivities have not been

more routinely described in other seemingly similar N400 sen-

tence studies, perhaps sometimes getting ‘‘swamped’’ by strong

and widespread N400 effects.

To the extent that the prenominal articles signal against re-

ceiving anticipated nouns, they themselves might constitute a

kind of constraint violation, and elicit an LP. However, although

not detailed herein, no such positivity was observed at the ar-

ticles. One possible reason suggested by our stimulus norming

results is thatFat least offlineFunexpected articles do not al-

ways diminish comprehenders’ expectations for upcoming

nouns. In many instances when truncated sentences were nor-

med with unexpected articles (e.g., a when apology was the con-

textually expected noun), participants provided continuations

comprised of an article phonology-consistent adjective followed

by the contextually expected noun (e.g., ‘‘. . . a heartfelt apology

. . .’’). Although the current paradigm revealed prediction effects

on the N400 at the prenominal article (DeLong et al., 2005),

these were accompanied by canonical N400 effects at the ensuing

target nouns. This leads us to suggest that the ‘‘cue’’ value of the

unexpected article may not be processed as a constraint violation

in the sameway as low cloze nouns that continue and presumably

violate expectations in higher constraint contexts.

In sum, our enhanced frontal positivity to low relative to high

cloze nouns is consistent with the hypothesis that there may be a

consequence to input disconfirmation of strongly preactivated

linguistic trajectories. While a domain-general account of the

variety of syntactically/semantically, frontal/centro-parietal, vi-

olation/low probability-induced LPs (including our own) would

be parsimonious, we cannot be certain that these ERP patterns

are members of the same family of components, much less reflect

a similar mental process. Theories suggesting that expectancy

violationsFnot (syntactic) rule violationsFmay trigger LP

effects (e.g., van de Meerendonk, Kolk, Chwilla, & Vissers,

2009) hold more appeal given our data; however, the precise

nature of a processing consequence (be it conflict monitoring,

reanalysis, revision of contextual representations, inhibition, up-

dating of some learning mechanism, or something else) is still a

matter that will be best settled by further, careful experimenta-

tion. In our own line of research, the logical next step will be to

establish whether or not there is a systematic relationship be-

tween constraint violation and our frontal LP effects. We believe

that graded manipulations of cloze and constraint will shed light

on the issue of there being probability-based ‘‘costs’’ to pre-

activation (reflected in the LP) for unexpected continuations

across a range of more and less constraining contexts.

References

Blair, R. C., & Karniski, W. (1993). An alternative method for signifi-
cance testing ofwaveformdifference potentials.Psychophysiology, 30,
518–524.

Coulson, S., & Van Petten, C. (2002). Conceptual integration and met-
aphor: An event-related potential study. Memory & Cognition, 30,
958–968.

DeLong, K. A., Urbach, T. P., & Kutas, M. (2005). Probabilistic word
pre-activation during language comprehension inferred from electri-
cal brain activity. Nature Neuroscience, 8, 1117–1121.

Federmeier, K.D., &Kutas,M. (1999). A rose by any other name: Long-
term memory structure and sentence processing. Journal of Memory
and Language, 41, 469–495.

Federmeier, K. D., Wlotko, E. W., De Ochoa-Dewald, E., & Kutas, M.
(2007). Multiple effects of sentential constraint on word processing
[Special issue]. Brain Research. Mysteries of Meaning, 1146, 75–84.

Kamide, Y., Altmann, G. T. M., & Haywood, S. L. (2003). The time-
course of prediction in incremental sentence processing: Evidence
from anticipatory eye movements. Journal of Memory and Language,
49, 133–156.

Kim, A., & Osterhout, L. (2005). The independence of combinatory
semantic processing: Evidence from event-related potentials. Journal
of Memory and Language, 52, 205–225.

Kolk, H. H. J., Chwilla, D. J., van Herten, M., & Oor, P. J. W. (2003).
Structure and limited capacity in verbal working memory: A study
with event-related potentials. Brain and Language, 85, 1–36.

Kuperberg, G. R. (2007). Neural mechanisms of language comprehen-
sion: Challenges to syntax [Special issue]. Brain Research: Mysteries
of Meaning, 1146, 23–49.

Kuperberg, G. R., Sitnikova, T., Caplan, D., & Holcomb, P. J. (2003).
Electrophysiological distinctions in processing conceptual relation-
ships within simple sentences. Cognitive Brain Research, 17, 117–129.

Kutas, M., & Hillyard, S. A. (1984). Brain potentials during reading
reflect word expectancy and semantic association. Nature, 307, 161–
163.

Lorch, R. F. Jr., & Myers, J. L. (1990). Regression analyses of repeated
measures data in cognitive research. Journal of Experimental Psy-
chology: Learning, Memory, and Cognition, 16, 149–157.

Manly, B. F. J. (1997). Randomization, bootstrap, and Monte Carlo
methods in biology (2nd ed.) London: Chapman and Hall.

Moreno, E. M., Federmeier, K. D., & Kutas, M. (2002). Switching lan-
guages, switching palabras (words): An electrophysiological study of
code switching. Brain and Language, 80, 188–207.

Morris, R. K. (2006). Lexical processing and sentence context effects. In
M. J. Traxler & M. A. Gernsbacher (Eds.), Handbook of psycholin-
guistics (2nd ed.) London: Academic Press.

Swick, D., Kutas, M., & Knight, R. T. (1998). Prefrontal lesions elim-
inate the LPC but do not affect the N400 during sentence reading.
Journal of Cognitive Neuroscience, 5(Suppl.), 29.

van Berkum, J. J. A., Brown, C. M., Zwitserlood, P., Kooijman, V., &
Hagoort, P. (2005). Anticipating upcoming words in discourse: Ev-
idence from ERPs and reading times. Journal of Experimental Psy-
chology: Learning, Memory, and Cognition, 31, 443–467.

van De Meerendonk, N., Kolk, H. H., Chwilla, D. J., & Vissers, C. T.
(2009). Monitoring in language perception. Language and Linguistics
Compass, 3, 1211–1224.

van deMeerendonk, N., Kolk, H. H. J., Vissers, C. T.W.M., & Chwilla,
D. J. (2010). Monitoring in language perception: Mild and strong
conflicts elicit different ERP Patterns. Journal of Cognitive Neu-
roscience, 22, 67–82.

Wicha, N. Y. Y., Moreno, E., & Kutas, M. (2004). Anticipating words
and their gender: An event-related brain potential study of semantic
integration, gender expectancy, and gender agreement in Spanish
sentence reading. Journal of Cognitive Neuroscience, 16, 1272–1288.

(Received November 18, 2010; Accepted February 11, 2011)

Dual ERPs to low probability sentence continuations 5


