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Abstract

In general, language comprehension is surprisingly reliable. Listeners very rapidly extract meaning from the unfolding speech signal, on a

word-by-word basis, and usually successfully. Research on Fsemantic illusions_ however suggests that under certain conditions, people fail to

notice that the linguistic input simply doesn’t make sense. In the current event-related brain potentials (ERP) study, we examined whether

listeners would, under such conditions, spontaneously detect an anomaly in which a human character central to the story at hand (e.g., ‘‘a

tourist’’) was suddenly replaced by an inanimate object (e.g., ‘‘a suitcase’’). Because this replacement introduced a very powerful coherence

break, we expected listeners to immediately notice the anomaly and generate the standard ERP effect associated with incoherent language,

the N400 effect. However, instead of the standard N400 effect, anomalous words elicited a positive ERP effect from about 500–600 ms

onwards. The absence of an N400 effect suggests that subjects did not immediately notice the anomaly, and that for a few hundred

milliseconds the comprehension system has converged on an apparently coherent but factually incorrect interpretation. The presence of the

later ERP effect indicates that subjects were processing for comprehension and did ultimately detect the anomaly. Therefore, we take the

absence of a regular N400 effect as the online manifestation of a temporary semantic illusion. Our results also show that even attentive

listeners sometimes fail to notice a radical change in the nature of a story character, and therefore suggest a case of short-lived Fsemantic

change deafness_ in language comprehension.

D 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Under normal circumstances, the human language compre-

hension system works amazingly fast, and amazingly well.

One of the key features of the system that allows for its

usually excellent performance is incrementality. Psycholin-

guistic experiments have shown that listeners and readers

immediately relate the meaning and grammar of each

incoming word to the context, whether this context consists

of an isolated sentence (e.g., [28,51]), the global discourse
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(e.g., [17,29,43–45]), or a non-linguistic visual scene (e.g.,

[3,37]).

But immediate analysis does not necessarily mean that

linguistic information is always interpreted to the fullest

degree possible. For instance, there are quite a few reports of

incomplete semantic analysis or underspecification (e.g.,

[4,10]; for review, see [12,36]). Particularly striking are

semantic illusions, which indicate that sometimes the full

meaning of a word is not incorporated into the interpretation

of a sentence, with people happily accepting an incorrect

interpretation based on semantic heuristics instead. A well-

known example is the ‘‘Moses illusion’’ [10], in which

participants routinely fail to notice the anomaly in the
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Table 1

Example story (approximate translation from Dutch)

Introduction

A tourist wanted to bring his huge suitcase onto the airplane. However,

because the suitcase was so heavy, the woman behind the check-in

counter decided to charge the tourist extra. In response, the tourist

opened his suitcase and threw some stuff out. So now, the suitcase

of the resourceful tourist weighed less than the maximum twenty kilos.

Coherent continuation Anomalous continuation

Next, the woman told the

tourist that she thought he

looked really trendy. The

tourist grabbed the woman’s

hand and eagerly asked her

for a date. But the woman

reprimanded the tourist for

being pushy and told him to

just get on the plane right

away.

Next, the woman told the

suitcase that she thought he

looked really trendy. The

suitcase grabbed the woman’s

hand and eagerly asked her

for a date. But the woman

reprimanded the suitcase for

being pushy and told him to

just get on the plane right

away.
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question FHow many animals of each sort did Moses put on

the ark?_, despite knowing it was Noah instead of Moses.

Similarly, after reading a story about a plane crash and

confronted with the sentence FThe authorities had to decide

where to bury the survivors_, participants regularly do not

perceive the coherence break [4].

The available evidence suggests that the probability of

detecting a semantic anomaly decreases if the impostor

word (e.g., ‘‘Moses’’) is semantically related to the correct

word (‘‘Noah’’; [10]), as well as if the impostor word is

strongly associated with the global scenario suggested by

the discourse (e.g., ‘‘survivors’’ in a plane crash scenario;

[4]). Furthermore, we know that impostor words are more

easily detected when they are brought into focus (e.g., as in

FIt was Moses who put two of each kind of animal on the

ark. True or False?_, [5]), indicating that semantic illusions

are partially dependent on the misdirection of focus. To

account for these phenomena, Sanford and Sturt [36] have

proposed that if a word fits the global situation very well or

when it is out of focus, it will receive incomplete semantic

analysis, to such an extent that the actual input can be

misconstrued and a semantic anomaly can pass undetected.

On the one hand, the existence of semantic illusions is

perhaps not that amazing. After all, the heavy cognitive

demands imposed by processing speech or written text at a

rate of several words per second makes it very unlikely that

people always exploit every single bit of relevant informa-

tion to the fullest degree. We know that in other domains of

cognition, our brain often employs plausibility strategies, so

that it can get where it needs to be quickly, while

maintaining sufficient accuracy [34]. In decision making,

for instance, our brain makes heavy use of heuristics that

usually work well but inevitably go wrong from time to time

(e.g., [20]). As evidenced by many classic visual illusions,

even our highly esteemed visual system sometimes gets it

wrong. Recent demonstrations of visual Fchange blindness_
(e.g., [38]), in which observers fail to notice a change to

central objects in a scene even when looking for it,

forcefully illustrate the fact that our input systems are not

designed to consistently deliver full and complete repre-

sentations of the input they encounter. Language compre-

hension may be no different. In fact, semantic illusions in

language comprehension have recently been related to the

use of a plausibility heuristic, which biases the system

towards semantic analyses that are most consistent with

world knowledge (e.g., [12,36]).

From another perspective, however, the existence of

these illusions is actually very surprising. After all, story

characters are central to situation models, and readers appear

to be intensively engaged in keeping track of such

Fprotagonists_ during comprehension [54]. If so, then why

do people allow Moses to replace Noah without a blink, and

allow survivors to replace protagonists who actually died? If

protagonists are so central to the situation model, wouldn’t

one expect that listeners always immediately notice a

protagonist being replaced by an entirely different entity,
even if the anomalous impostor word is out of prosodic

focus and it fits a scenario very well?

This raises the issue of just how far we can stretch the

limits of the semantic illusion phenomenon. For instance,

would listeners, given the above mentioned conditions, fail

to notice cases in which a salient human story character

(e.g., a tourist) engaged in conversation with another human

being (say, a check-in desk clerk) is suddenly replaced by a

non-living entity (e.g., a suitcase) that happily continues the

conversation? Animacy is a core semantic feature that lies at

the heart of our understanding of the world around us. In

fact, the animate–inanimate distinction is often considered

to be an innate organizing principle of cognition (e.g.,

[14,34]), with different neural mechanisms subserving each

of the two categories [7]. Even if an inanimate impostor

word such as ‘‘suitcase’’ would be prosodically unfocused,

scenario-relevant, and semantically related to the animate

character being replaced, it does lack a core semantic feature

required in this context, namely, being alive. Would even

such a flagrant violation remain undetected?

We explored this issue in the present event-related brain

potential (ERP) study by investigating whether participants

would detect a discourse anomaly of the type just outlined

under conditions that have been reported to induce semantic

illusions. Participants listened to short narratives portraying

a man and a woman engaged in a conversation about some

inanimate object (see Table 1). The inanimate object and the

man were semantically related to each other (e.g., Fdiver_
and Fharpoon_, Fcoachman_ and Fwhip_). A replacement

occurred in the fifth and following sentences: Either the

woman would continue her conversation with the man as

usual (coherent continuation) or she would suddenly

address the inanimate object instead and continue her

conversation with this entity (anomalous continuation).

Equivalent to the coherent continuation, the anomalous

continuation was prosodically de-accented, and as such did
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not focus attention on the impostor word. In spite of its

prosodic Flow profile_, though, the impostor word did

introduce a flagrant anomaly, since it resulted not only in a

strong discourse coherence break but also in a mismatch

between animacy requirements imposed by a specific

transitive verb and the inanimate argument actually supplied

to this verb.

To assess whether our subjects would detect the anomaly,

we relied on the N400 [24], a negative deflection in the ERP

waveform that is elicited by every content word of an

unfolding sentence, and peaks at approximately 400 ms

after word onset. The amplitude of the N400 is known to be

highly sensitive to the ease with which the meaning of the

word at hand can be integrated into the prior sentence or

discourse context. Semantically anomalous words, for

instance, elicit a larger N400 than semantically coherent

words (e.g., [24,44]; see [6,23,26] for reviews). The N400

effect is also elicited by words that are fully coherent but

somewhat less expected (e.g., [16,25,39,46]). It is because

of the latter findings that the N400 effect is not viewed as

an anomaly marker, but is instead generally taken to reflect

semantic integration processes that occur routinely as

words and sentences unfold, as part of everyday language

comprehension.

With spoken language comprehension, N400 effects

typically begin to emerge at 150–250 ms after acoustic

onset of the critical word (e.g., [11,44,51]). This rapid onset

is taken to reflect the immediacy with which every unfolding

spoken word is routinely related to its semantic context. As

revealed by recent analyses involving spoken-language

N400 effects (e.g., [47,48,51]), listeners in fact routinely

relate an unfolding word to its context before the word has

become acoustically unique, i.e., before enough of the word

has been heard for the listener to know exactly which word it

is going to be. These N400 findings converge with findings

from eye-tracking research, which have revealed that

listeners also extremely rapidly relate the meaning of an

unfolding word to a visual scene (e.g., [3,37]).

Numerous studies have demonstrated language-elicited

N400 effects under a variety of conditions and experimental

manipulations. Two findings are particularly relevant to our

present experimental logic. One is that the N400 effect,

originally and most commonly established in isolated

sentences, is equally sensitive to the ease with which a

word can be related to the wider discourse. This has been

demonstrated with discourse-dependent anomalies (e.g.,

[30,44,45]) as well as with words whose discourse-semantic

fit differs in more subtle ways (e.g., [39,46]). Importantly,

the timing of a discourse-dependent N400 effect is the same

as that of its classic sentence-dependent counterpart,

typically emerging in the ERP record within some 150–

250 ms after acoustic or visual onset of the critical word,

and invariably culminating in a large amplitude difference in

the 300–500 ms interval.

The second N400 effect that is particularly relevant to

our logic is one that we recently obtained in response to
animacy violations involving the same set of critical

words. In a spoken-language experiment related to the

present study [30], participants listened to stories in which

the first sentence occasionally contained a verb–argument

animacy mismatch (e.g., ‘‘The woman spoke to the

suitcase’’). In such sentential contexts, inanimate nouns

elicited a standard and large N400 effect relative to an

animate control noun (e.g., ‘‘tourist’’), emerging at about

250 ms after acoustic word onset (see also [52]). Thus,

when listeners encounter sentences like ‘‘The woman

spoke to the suitcase’’ without any further context, they

immediately find out about the anomaly, as part of their

routine process of semantic integration in language

comprehension.

The critical issue addressed in the present study was

whether or not participants would notice the very same

anomaly, embedded in similar sentences, under conditions

that have been reported to lead to semantic illusions. Based

on the findings just discussed, and given the radical nature

of the discourse-level coherence break, we expected our

listeners to immediately notice the anomaly and as such

generate a standard N400 effect in the 300–500 ms latency

range. On the other hand, if under the Fsemantic illusion_
conditions investigated here listeners in fact fail to

immediately detect the coherence break, no such N400

effect should be obtained.
2. Method

2.1. Participants

Thirty-five right-handed college students (15 men, mean

age 21.4) participated in this study for course credit. All

participants were native speakers of Dutch and without any

neurological impairment.

2.2. Stimuli

Participants listened to 60 naturally spoken Dutch stories.

To allow us to record the EEG without an attention-

recruiting and potentially biasing secondary task (see [42]),

we designed these stories to be as engaging as possible

under the constraints of the present design. Each of the

stories consisted of 7 sentences and contained three different

main entities. Those entities were always one woman, one

scenario-relevant man, and one scenario-relevant inanimate

object. The nouns denoting the men and inanimate objects

were semantically related to each other, and closely matched

for word duration (mean 515 and 516 ms, respectively) and

word form frequency (mean 1.78 and 1.75 on a million;

Spoken Dutch Corpus). To provide a benchmark for our

results, we used critical words that in an earlier study [30]

had elicited a reliable N400 effect in story-initial sentences

that contained similar animacy violations (e.g., ‘‘the girl told

the harpoon’’).



1 Because ERPs are average brain potentials, we cannot claim that every

participant detected the anomaly in every trial. However, our data do

indicate that anomalies were detected in a sufficient number of trials by a

sufficient number of participants to generate a large and significant ERP

effect.
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The first 4 sentences were identical across conditions

(see Table 1): the man and woman were engaged in

conversation, and the inanimate object constituted the

theme of the story. Each of these sentences contained a

noun phrase anaphor to both the man and the inanimate

object, matching our critical words for earlier mention. In

the fifth sentence, the two conditions diverged. Either the

woman would continue her conversation with the man

(coherent continuation) or she would suddenly start talking

to the inanimate object instead (anomalous continuation).

The last 3 sentences were identical across conditions except

for the critical words. For each story a coherent and

anomalous version were recorded with a normal speaking

rate and intonation, by the same female native speaker. The

speaker was requested to minimize prosodic differences

across the two versions of a story. In particular, the critical

impostor word (e.g., Fsuitcase_) was always de-accented in

a way that would be appropriate for the Fgiven_ entity (e.g.,

Ftourist_). If necessary, recordings were redone to achieve

this.

2.3. EEG recording

The EEG was recorded from 30 standard scalp locations

(10–20 system), amplified (band-pass filtered at 0.03 Hz–

100 Hz), digitized at 500 Hz and re-referenced to the mean

of left and right mastoids. Ocular and muscular artifacts

were corrected by means of a procedure based on

Independent Component Analysis (see [19,27]). Then,

epochs that ranged from �500 ms to +1600 ms relative to

critical word onset were extracted and normalized (by

subtraction) to a 150-ms pre-onset baseline. Subsequently,

segments with potentials exceeding T75 AV were rejected,

and the remainder was screened for drift artifacts. If the total

rejection rate exceeded 40%, data of the participant were

excluded, which resulted in the exclusion of 3 participants.

Across the remaining participants, average segment loss was

16%.

2.4. Procedure

Participants were seated in front of two loudspeakers,

and were informed that they would be listening to short

stories. They were instructed to listen for comprehension

and minimize movement. No additional task demands were

imposed.

Two trial lists were used. For the first list, 30 coherent

and 30 anomalous stories were pseudorandomly mixed

with 80 filler stories such that neither coherent nor

anomalous trials occurred more than two times consec-

utively and trials of each type were matched on average

list position. The second list was derived from the first

by replacing all coherent trials by their anomalous

counterparts and vice versa. The total of 140 stories

was divided in seven blocks, separated by a pause. Each

trial was separated from the next by a 5-s silence and
was preceded by a short warning tone. Total time-on-task

was approximately 1 h.
3. Results

Fig. 1 displays the grand average waveforms elicited by

the coherent animate (‘‘tourist’’) and anomalous inanimate

(‘‘suitcase’’) critical words at 19 electrode locations. The

corresponding difference waveforms, which quantify the net

effects of coherence, are displayed in Fig. 2. Two striking

results are visible from these figures: In the first place, the

absence of a standard N400 effect in the normal 300–500

ms latency range. Secondly, the presence of a large positive

deflection emerging around 500–600 ms, with a peak

latency within the 900–1100 ms window and a centro-

parietal distribution. Using mean amplitude in seven

consecutive 200-ms latency windows ranging from 100 to

1500 ms, the overall Coherence (2) � Electrode (30)

analysis of variance (ANOVA) revealed main effects of

Coherence in the 700–900, 900–1100, and 1100–1300 ms

window, but no main effects of Coherence in the 100–300,

300–500, 500–700, or 1300–1500 ms window (Table 2).

Contrary to our expectations, we did not obtain a regular

word-elicited N400 effect, an effect that (with spoken

language input) emerges at about 150–250 ms after

acoustic word onset and is at its maximum in the 400–

500 ms latency range. For reasons discussed below, we

take the absence of a standard N400 effect as evidence that

participants did not immediately notice the replacement of

the protagonist by the inanimate object. The large differ-

ential effect that started to emerge at about 500–600 ms

revealed that listeners did detect the anomaly somewhat

later.1 Note that the onset of this late effect approximates

the mean word offset of the impostor words. To examine

whether the effect was perhaps triggered by the acoustic

offset of our critical words, or by the onset of the next

word, we recomputed ERPs for epochs that were time-

locked to these two potentially relevant linguistic events.

Fig. 3 displays the two associated difference waveforms at

P7, Pz, and P8, together with the original difference

waveform time-locked to critical word onset (as in Fig. 2).

If critical word offset or onset of the next word effectively

triggered the late effect observed in Figs. 1 and 2, time-

locking to one of these alternative critical events might

well yield a larger and more focused ERP effect. However,

as can be seen in Fig. 3, time-locking to critical word offset

did not yield a sharper and larger differential effect,

providing us with little evidence that word offset is by

itself critically involved in generating the effect. Additional



Fig. 1. Grand average ERPs elicited by CWs in the coherent (C) and anomalous (A) condition. In this and all following figures, waveforms are filtered (10 Hz

high cut-off, 48 dB/oct) for presentation purpose only, and negativity is plotted upwards.
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analysis revealed that the main effect of Coherence did not

significantly differ between ERPs time-locked to CW offset

and CW onset [mean amplitude in the 200–800 ms

window and 600–1200 ms window respectively, F(1,31) =

0.05, MSE = 40.42, P = 0.83]. Time-locking to the onset of

the next word resulted in an evidently smaller ERP effect that

was already developing before the 0-ms time-locking point

(most prominent at electrode P7). This suggests that the

effect at hand is not functionally tied to the onset of the next

word. We briefly return to this matter in the discussion.
4. Discussion

The goal of this experiment was to investigate whether

conditions that have been reported to induce semantic

illusions can interfere with the detection of a very powerful

discourse coherence break, as reflected in the magnitude of

the N400 effect. To examine this, we unexpectedly replaced

one of the central human characters engaged in a con-

versation in our stories (e.g., a tourist) by a very scenario-

relevant but nevertheless inanimate entity (e.g., a suitcase),

in a story that was fully coherent up to that point. Because

the resulting anomaly deeply affected one of the central

characters in the story and hinged on a fundamental
organizing principle of the semantic system (to be alive or

not), we expected our listeners to immediately notice the

anomaly, in spite of the scenario-relevance, semantic

relatedness, and de-accented (i.e., unfocused) acoustic

realization of the anomalous word.

Our study yielded two main results, the absence of a

regular word-elicited N400 effect and the presence of a

differential effect that began to emerge at about 500–600 ms

after word onset. We take this pattern of results to suggest

that, against our expectations, participants did not immedi-

ately notice the replacement of the animate protagonist by

an inanimate object. Moreover, we interpret our findings as

evidence that participants momentarily suffered from a

semantic illusion. In the below, we will unpack each of these

claims. After examining these implications of our N400

result, we briefly turn to the late positivity.

4.1. The N400, anomaly detection, and semantic illusions

In the light of what we know about the N400 in language

comprehension, the absence of a regular N400 effect in the

current study is a very surprising finding. In spoken as well as

written language, differences in the degree to which a

particular word fits the wider semantic context reliably show

up in the amplitude of the N400 elicited by that word (with



Fig. 2. Coherence effect (anomalous-coherent difference waveform), and minimum, mean, and maximum duration of the critical words.
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one interesting exception, to which we return below). A

discourse-dependent semantic anomaly, for example, elicits

an N400 effect that emerges between 150 and 250 ms after

acoustic or visual onset of the critical word, and is invariably

large in the 300–500 ms latency range [44,45]. Far more

subtle variations in discourse-semantic fit, such as differences

in the discourse-based predictability of a word, also reliably

elicit N400 effects in this latency range [33,39,46]. Because

of the well-established sensitivity of the N400 to even very

subtle differences in the ease with which aword can be related

to its semantic context, we take the absence of an N400 effect

to suggest that in our current experiment, the semantic

anomaly in ‘‘The woman told the suitcase. . .’’ momentarily

went undetected.
Table 2

F values, P values and mean square errors (MSE) for main effects of Coherence

Latency range from acoustic word onset (ms)

100–300 300–500 500–700 70

F 0.02 0.89 0.95 14

MSE 6.96 18.91 36.18 53

P 0.905 0.354 0.337 0

Note. For all F tests, numerator df = 1, denominator df = 31.

T P < 0.05.

TTP < 0.005.
It is of particular interest to note that verb–object animacy

violations of the very type investigated here did elicit a

standard N400 effect when these sentences were in story-

initial position ([30]; see also [52]). In Fig. 4, we display the

present ERP results together with those earlier N400 findings,

for electrodes Pz, P3, and P4. Note that in either experiment,

all we asked our participants to do was to pay attention and

listen for comprehension. Our earlier N400 result can thus be

taken to confirm that listeners normally detect the animacy

violation in ‘‘The woman told the suitcase. . .’’ immediately,

as part of a semantic integration process that is highly

sensitive to the degree of fit between current word and prior

context. However, when the same critical anomalies are

embedded in a wider discourse such that they also disrupt
time-locked to critical word onset

0–900 900–1100 1100–1300 1300–1500

.41 10.69 4.64 0.03

.42 70.03 82.72 73.34

.001TT 0.003TT 0.039T 0.876



Fig. 3. Coherence effect (A–C) at P7, Pz, and P8 for epochs time-locked to critical word onset (CW onset), critical word offset (CW offset), and onset of the

next word (CW + 1 onset).
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discourse-level coherence, and as such effectively present a

twofold semantic anomaly, they nevertheless momentarily

escape attention. Apparently, there are nontrivial conditions

under which human story characters can suddenly turn to

inanimate objects without the listener noticing this immedi-

ately, i.e., at the time at which listeners routinely relate the

meaning of an unfolding word to its wider interpretive

context.

Because of what is known about the N400 in language

comprehension, we believe that the present findings not

only demonstrate a temporary anomaly detection failure, but

actually also provide evidence for a temporary semantic

illusion, i.e., for an apparently coherent but factually

incorrect interpretation of the input. The critical thing to

note is that, as discussed before, the N400 does not reflect a

simple anomaly detection process, but instead reflects a

routine semantic analysis process that relates the meaning

of every unfolding word to its wider interpretive context

(see [6,23,26] for reviews). In a sentence like ‘‘Jenny put the

sweet in her. . .’’, for instance, the somewhat less expected

but perfectly coherent word ‘‘pocket’’ elicits an N400 effect

relative to the more expected word ‘‘mouth’’ (e.g.,

[16,25,39,46]; see [33] for the same phenomenon in

connected discourse). Moreover, with spoken language,

the routine semantic integration process indexed by the
Fig. 4. Overlay of grand average ERPs at electrodes Pz, P3, and P4 elicited by CWs

an earlier study ([30], indexed by asterisks) in which we used the exact same set
N400 is known to spring into action after only two or three

phonemes of the unfolding word have been heard [45], well

before listeners know what the exact word is going to be

[47,51], and even well before they can know whether it is a

noun, an adjective, or some other part of speech [48].

The established sensitivity of the N400 to subtle

modulations of this very early routine semantic analysis

process renders several alternative accounts for our findings

unlikely. For example, it rules out the possibility that

semantic integration is so difficult that no interpretation can

be arrived at for the new word. If slightly less expected

words already elicit a larger N400, a devastatingly problem-

atic word should – if detected as such – certainly do so. It

also rules out alternative accounts that focus on the fact that

the unfolding word, although problematic as a head noun

(Fsuitcase_), might also be part of a semantically coherent

prenominal modifier (e.g., Fsuitcase-carrying tourist_) or

compound noun (e.g., Fsuitcase-holder_). The most obvious

problem with the latter is that in the language used (Dutch),

all such continuations are rather unusual, Fmarked_ con-

structions, and are as such far less expected than the

straightforward continuation used as baseline condition

(e.g., ‘‘tourist’’). Moreover, even if such less expected

continuations might alert the listener to interesting coherent

alternative continuations, they should – if detected as such
in the coherent (C) and anomalous (A) condition in the present study and in

of critical words in similar, but story-initial sentences.
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– nevertheless elicit the N400 effect that is reliably elicited

by other low-cloze coherent continuations.

The same argument can be leveled against an alternative

account in terms of metonymy or reference transfer.

Analogous to waitresses referring to an impatient client

who ordered a ham sandwich awhile ago as ‘‘the ham

sandwich is getting restless’’ [9,31], speakers might in our

example decide, for stylistic or other reasons, to refer to the

tourist by means of ‘‘the suitcase’’. However, such

referential devices are marked, and derive much of their

attractiveness as stylistic or humoristic device from the very

fact that they are less expected.

In all, and in line with various off-line demonstrations of

semantic illusions, we believe that the absence of a regular

word-elicited N400 effect at our anomalous words (e.g.,

‘‘suitcase’’) should be taken to indicate that our listeners

briefly fell prey to a semantic illusion, i.e., that for a few

hundred milliseconds, our listeners did have something else

in mind, something as unproblematic as the coherent

continuation word (‘‘tourist’’). In fact, the most parsimo-

nious interpretation of our N400 findings is that our listeners

momentarily proceeded as if they had heard the latter word.

Before we can confidently accept the above, we need to

examine whether any other aspects of our experiment, other

than the conditions that are known to induce semantic

illusions, might account for the present pattern of results.

First, what about the effects of repetition? Our impostor

words were not only semantically similar to the expected

words, but had also been repeated several times throughout

the preceding discourse. However, although repetition is

known to attenuate the N400 amplitude [23,50], it cannot

account for the complete absence of an N400 effect in our

study (nor for the presence of a later differential effect). The

reason is that despite all its repetitions, the anomalous word is

still a highly unexpected continuation at that point of the

discourse, and should – when detected as such – thus elicit a

larger N400.

Second, the absence of an N400 effect can also not be

explained by arguing that our participants might have Ftuned
out_ during the experiment, e.g., because of fatigue or

unrealistic materials. As for the latter, we note that the

proportion of unrealistic materials in this study is compa-

rable to that in studies in which we did obtain large N400

effects (e.g., [30]). Furthermore, a split-half analysis yielded

no differences between coherence effects in the first and

second half of the experiment. In addition, if the experiment

was such that semantic analysis would be discouraged,

anomalous continuations should also not have elicited a

differential later ERP effect.

Finally, the absence of an N400 effect is not likely to be

the result of active strategic anticipation. As revealed by

structured post-session interviews, participants had in the

end noticed that some of our stories were rather odd. Of

course, it is not inconceivable that at least some (perhaps

even all) of the participants came to realize this during the

experiment, and may as such have been alerted to the
possibility of more upcoming anomalies. However, in the

present materials, there is no way to spot the anomalies

other than via regular language comprehension. The

implication is that even if participants were on the lookout

for such anomalies (which we are hesitant to believe), the

latter should still elicit an N400 effect. Importantly, note that

semantic illusion studies have actually shown that detection

failures occur with a fairly high frequency even when

subjects are explicitly instructed to watch out for anomalies

[10]. Thus, even if some of our participants might have been

on the lookout, they can still be lured into a temporary

semantic illusion.

As it appears, we created a unique combination of

conditions that generated a semantic illusion, and as such

delayed the detection of a severe anomaly. What might those

conditions be? We speculate that besides scenario-relevancy,

semantic relatedness, and de-accentuation of the impostor

word, a key lies in the anticipation of the correct word in our

narratives. There is growing evidence that listeners can use

their knowledge of the discourse context to anticipate specific

words ([33,42,46]; see also [53]). Other evidence suggests

that listeners can begin to look for plausible arguments of a

verb right upon encountering the verb itself [2,30,37]. At the

critical point in our stories, such as at ‘‘Next, the woman told

the. . .’’ in our example item, these two anticipatory mecha-

nisms may well conspire to strongly suggest both a particular

discourse entity that might serve as the verb’s argument (the

tourist engaged in the conversation), and a particular word

(‘‘tourist’’). In other words, because discourse constraints at

that moment are very powerful, the male protagonist is

consequently anticipated as the upcoming argument of the

verb, and the language processor essentially takes up an early

referential commitment. Altmann [1] persuasively argues that

such anticipation need not be particularly odd or effortful, but

can instead naturally flow from what linguistic meaning

essentially is: knowing when it is appropriate to use certain

words or constructions.

How can such anticipation lead to a semantic illusion? To

the degree that strong predictions are being made, the initial

analysis of what actually comes in might change from

signal-driven full analysis to expectation-driven partial

matching, or Fverification_. Furthermore, if the unexpected

impostor word is highly scenario-relevant, semantically

associated with the correct word, and not prosodically

accented in the way that an unexpected or newsworthy turn

of events would normally be, this partial matching may well

temporarily yield a global, good enough fit [4]. Thus, in all,

we speculate that in the present study, our severe anomalies

are not immediately detected because of strong expectations

combined with actual input that has a superficially good fit.

4.2. The late positivity

Of course, if our account is correct, the question

remains why the impostor word is detected at all, in our

case within some 500–600 ms. The presence of this



2 It is not very likely that the late positivity is an instance of the P300

family, a domain-general brain response elicited by rare and/or informative

events [35]. Although anomalous words were relatively rare in our study,

there was no other task than to pay attention and listen for comprehension, a

requirement that does not in any way impose the task-based explicit

response demands involved in, say, oddball detection. But even if the late

positivity would be part of the P300 family, our N400-based semantic

illusion claims still hold. The reason is that the detection of an anomalous

Foddball_ can only be carried out by the language comprehension system.

Hence, even if the late positivity would be a P300-type effect associated

with the detected oddball, the absence of an N400 effect would need to be

interpreted along the same lines as we proposed.
3 Although we are sympathetic with the account of Hoeks and colleagues

[18], we are somewhat hesitant to accept their critical claim that these verbs

did not elicit an N400 effect. First, the relevant ERP difference wave (Fig.

3) does reveal a small N400 effect. Furthermore, part of this N400 effect

may well be counteracted by overlap from an immediately preceding

differential positivity (potentially the consequence of processing difficulties

elicited by the preceding auxiliary ‘‘has’’). Finally, we note that their

participants were actively conducting a sentence plausibility judgement

task, and potentially initiated the associated processing right at the

anomalous sentence-final word.
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differential ERP effect is vital to our interpretation,

because it shows that our participants did process for

comprehension and did detect the anomaly, albeit some-

what later than expected. Unfortunately, our ERP results

provide no specific cues as to what exactly triggered the

late positivity. The analyses in which we recomputed ERPs

relative to potentially relevant later aspects of the unfold-

ing speech only revealed that it was not triggered by the

onset of the next word, nor specifically functionally tied to

the acoustic offset of the impostor word.

Taking a constraint-based perspective [15,41], one could

argue that in the face of powerful discourse-level and

prosodic constraints, it simply takes more time than usual

for lexical constraints to build up and overrule the illusory

interpretation, but the system does get there in the end. The

most natural prediction that would fall out of this account,

however, would be that of a delayed (or possibly wider) N400

effect, and additional assumptions are required to explain the

qualitatively different ERP effect that we observed. Another

possible explanation for our findings takes up a distinction

that has also been made in more general accounts of language

comprehension that distinguish between a Fquick-and-dirty_
heuristics-based initial interpretation and a delayed, more

careful interpretive process (e.g., [13,40]). According to such

an account, the temporary semantic illusion arises from (or

goes undetected because of) the initial use of coarse semantic

heuristics, but is soon thereafter unmasked as an incorrect

semantic analysis. With respect to the present findings, such

an interpretation would suggest that the absence of an N400

reflects the use of these semantic heuristics, which results in a

temporary underspecified, and erroneous interpretation,

whereas the later positivity would be indicative of a delayed

and more careful interpretive process that subsequently

overrides this incomplete, illusory interpretation.

It is interesting to note that the combined absence of an

expected N400 effect and presence of a later positivity has

also been reported in studies on Fsemantic reversal anom-

alies_, anomalies that can arise when the arguments of a verb

are exchanged (e.g., ‘‘The cat that fled from the mice ran

through the room’’ [21]), or more generally, are not in their

canonical position (e.g., ‘‘For breakfast the eggs would only

eat toast and jam’’ [22]). When the word at which such

sentences are rendered semantically anomalous has a strong

lexico-semantic fit (e.g., ‘‘eat’’ in the above example), it does

not elicit an N400 effect, but instead elicits a late positivity

[18,21,22,49]. Because the polarity, timing, and scalp

distribution of this positivity strongly resembles that of the

syntax-related P600 effect (see [32] for review), it has in all

abovementioned studies been taken to be an instance of the

latter. The functional account of the P600 effect that is

assumed by these authors varies from thematic or syntactic

reanalysis in order to obtain a plausible sentence [18,22], to a

monitoring process that checks upon the veridicality of ones

sentence perception [21,49].

Although there is no logical necessity to interpret the late

positivity observed in our experiment as an instance of the
P600 effect (because of the inverse problem), we similarly

cannot rule out that this is the correct interpretation. This

would be of interest, because, even though the animacy violation

at a word like ‘‘suitcase’’ hinges on selectional restrictions of the

verb, and would thus by some be considered Fclose to the

syntax_ [8], having a conversation with a suitcase is also

semantically highly implausible. Moreover, in our materials, the

unexpected replacement of a discourse protagonist by an

entirely different entity is also a deep violation of discourse-

semantic coherence. One potentially viable way to resolve the

apparent conflict in obtaining a P600 effect to a – not initially

detected – semantic anomaly is to assume that, although the

immediate symptom that signals a comprehension problem

might be semantic, the system might in these cases Fput the
blame on syntax_ (e.g., consider the possibility of an incorrect

phrase ordering). Alternatively, if the P600 more generally

indexes a monitoring process that checks upon the veridicality

of ones sentence perception, as has been recently proposed

[21,49], the conflict would also be resolved.

In the absence of compelling evidence, we refrain from

taking a strong position on these issues.2 Instead, we note that

our findings and those from semantic reversal anomalies

could be taken to provide converging evidence for the same

underlying temporary semantic illusion phenomenon,

namely, that of a first, superficial, and incorrect semantic

analysis, which is followed up by a second, more elaborate

interpretive process. That is, readers or listeners may well

momentarily believe that ‘‘eat’’ in ‘‘For breakfast the eggs

would only eat toast and jam’’ is fine because of some of the

same factors that lured our listeners into momentarily

believing that ‘‘suitcase’’ is fine: semantic relatedness,

scenario-relevance, no accentuation, and strong expectations.

Both Van Herten et al. [49] and Hoeks et al. [18] allude to the

possibility that their participants might momentarily suffer

from a semantic illusion.3
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4.3. Semantic change deafness

Regardless of whether the semantic reversal anomaly

results can be taken to testify to the same phenomenon, we

believe we have evidence that in language comprehension,

even attentive listeners can sometimes momentarily fail to

notice a radical change in the nature of a critical story

character. This has an interesting parallel to the well-

documented change blindness phenomenon in visual per-

ception (e.g., [38]), where observers are sometimes obliv-

ious to important changes in the scene—including (under

specific conditions) a change in the person they are dealing

with. Because the reported temporary semantic illusion

involves not noticing that a central protagonist was

exchanged for an inanimate object, our ERP findings thus

also suggest a case of short-lived Fsemantic change deaf-

ness_ in language comprehension.
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