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ERP and Referential
Ambiguity

Read:  Van Berkum, et al., 2003
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Language Comprehension

• 3-5 words per second.
• Different types of analysis required:

– Lexical
– Syntactic
– Semantic
– Referential

• What particular entity does an NP actually refer
to?
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Psycholinguistic Controversies

• How are these different analyses
orchestrated over time?
– Relative timing:

• Are the different types of analysis conducted in some
principled order, with e.g. syntactic analysis coming first?

• Or, is there simultaneous evaluation of syntactic,
semantic and referential aspects of the input?

– Informational dependence:
• Do the results of semantic and referential processing

affect the initial syntactic analysis of the input?
• Or not?
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ERP
• An “on-line” methodology that helps psycholinguists

track language comprehension as it unfolds in
synchrony with the input.

• Can selectively reflect particular aspects of real-time
language comprehension with high temporal
resolution.
– N400 effect reflects semantic integration

• He buttered the warm bread with socks and jam.
– P600/SPS effect reflects syntactic integration

• The spoilt child throw the toy on the floor.
– LAN effect reflects syntactic processing

• Spoken as well as written language comprehension
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Referential processing
• Current experiments test whether ERP methodology

can selectively track some of the referential aspects
of language comprehension while people listen to a
piece of discourse:

• Unambiguous
– David had told the boy and the girl to clean up their room

before lunchtime. But the boy had stayed in bed all morning,
and the girl had been on the phone all the time. David told
the girl that had been on the phone to hang up.

• Ambiguous
– David had told the two girls to clean up their room before

lunchtime. But one of the girls had stayed in bed all morning,
and the other had been on the phone all the time. David told
the girl that had been on the phone to hang up.
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• Van Berkum, Brown, & Hagoort 1999 tested
referential processing in written sentence
comprehension and found an ERP effect:
– A referentially ambiguous noun elicited a widely distributed

negative deflection, emerging at about 300 ms after noun
onset, largest and most sustained in anterior sites.

• Implications:
– Language users can very rapidly determine whether a

singular definite noun has a unique referent in the earlier
discourse or not, within at most some 300 ms.

– The processing consequences of at least one type of
referential problem are both interestingly different from
semantic and syntactic effects and separately observable in
ERPs.

– The ERP effect is very similar to sustained frontal ERP
effects observed under conditions of increased working
memory load in language processing.
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Experiment 1:  Method
• Participants:

– 24 right-handed native speakers of Dutch.
• Materials:

– 240 three-sentence ministories, of which the final sentence
contained a critical singular NP following the introduction of
one or two referents for this NP.

– The critical NP was always in object position and as followed
by a relative clause or a sentential complement.

– Recorded with a normal speaking rate and intonation by a
female native speaker.

– A trained phonetician identified the acoustic onsets (and
offsets) of the critical noun.
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• Procedure:
– After electrode applicants, participants sat in a sound-

attenuating booth and listened to stimuli over headphones.
– They were told that EEG recording would only occur as they

heard the last sentence of a story, and to avoid movement
and fixate on an asterisk displayed on the screen before
them.

– They were told to process each story for comprehension.
– 300-ms auditory warning signal + 700 ms of silence +

spoken discourse context + 1000 ms of silence + spoken
final sentence.

– Trials were presented in five blocks of 15 minutes separated
by rest periods.

– Trials containing eye movements, etc. were discarded.
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Results
• Figure 1 displays, for each electrode, the grand average event-

related brain potentials time-locked to the acoustic onset of
critical singular nouns presented in a one-referent or a two-
referent discourse context.

• Referentially ambiguous nouns elicit a negative deflection in the
average ERP that begins at about 300-400 ms after their
acoustic onset, and does not have an obvious hemispheric
asymmetry.

• At posterior sites, the effect terminates at about 600 ms
poststimulus. At anterior sites, the negativity is more sustained.

• Clearly different from a regular N400 effect.
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• Similar in overall morphology, scalp distribution, magnitude and
approximate onset to the effect obtained with written-language
material as presented at the rate of 600 ms/word
– although the waveforms themselves are very different across

modalities.
• Different from N400 effect obtained by using discourse-

dependent semantic anomalies:
• John ate a sandwich with salami.
• In a discourse that depicted John as a strict vegetarian.

– N400 effect emerged at about 150-200 ms after acoustic word
onset and peaked at about 400 ms, with a maximum at centro-
parietal sites.

– Referential effect is later, smaller and lacks a clear peak; thus is
qualitatively very different.



481 - ERP and Reference 12



481 - ERP and Reference 13

Experiment 2
• Subjects noticed that half of the 240 trials involved a referentially

ambiguous noun, so perhaps subjects increasingly focused their
attention on referential aspects of the study, biasing the results.

• Subjects said they had noticed this, but the magnitude of of the
referential context effect did not evolve as the experimental
session progressed.

• Experiment 2 embedded 30 critical trials amid 30 matched
control trials and 180 unrelated trials.

• A very similar ERP effect was still obtained, although the results
were noisier.
– The frontally-dominant, sustained negative shift, in fact, appears

larger and earlier in onset.
– If the ERP effect in experiment 1 had hinged on strategic

processing induced by a high proportion of referentially ambiguous
trials, the effect would have been smaller and later in experiment 2.
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General Discussion
• Rapid Discourse-Referential Processing

– The higher-level processes associated with establishing
reference, particularly those that require consulting one’s
model of the prior discourse, are frequently assumed to be
rather slow, as compared to the lower-level syntactic and
sentence-semantic aspects of comprehension.

– However, we see here that very shortly after acoustic word
onset, the processing system has at some level determined
whether a singular definite noun has a single unique referent
in the earlier discourse or not.

• In the same ballpark as syntactic and semantic ERP effects
(500 ms).
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– Due to differences between nouns as to how soon it can be
determined as to whether they are singular or plural, none of
the presently reported ERP waveforms to spoken input
displays the crisp onset of the frontal negative shift that was
produced with the written input.

– The results suggest that reference is established
incrementally, at each relevant word coming in, i.e. the
processor does not wait for disambiguation by the following
postnominal modifier.

– Findings converge with head-mounted eye-tracking results
from visual-world experiments, which have shown that
listeners begin to fixate the intended referent of a critical
spoken noun long before the noun has been fully heard.

– We are looking a relatively robust, task-independent aspect
of the language comprehension system.
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• Selective Tracking of Referential Processes
– The effect is qualitatively different from P600/SPS effect and

N400 effect.
– As a referentially ambiguous expression might be more

difficult to integrate into a high-level conceptual interpretation
of the unfolding utterance than a referentially successful
one, referential ambiguity could, in principle, also have
elicited a standard N400 effect.

• There might sometimes be a small N400 effect in the present
results, but not always.

• The two types of problem (sense vs. reference?) have at least
partially distinct processing implications.
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– Effect is very similar to sustained ERP effects observed
under conditions of increased memory load in language
comprehension.

• Referential ambiguity may trigger additional retrieval from
episodic discourse memory, associated with the search for less
obvious clues that might help to infer the most plausible
referent.

• Or, may require the system to actively maintain two candidate
fillers for an unresolved single referential slot in working
memory, similar to:

– The fireman who the cop speedily rescued sued the city over
working conditions.

– Before the psychologist submitted the article, the journal changed
its policy.

– The pitcher fell down and broke/cursed.
– The exact relationships between the LAN family of effects

and our (bilaterally and globally distributed) referential
induced sustained negative shift remains to be established.

– CONCLUSION:  ERPs can be used to selectively keep track
of three major processes involved in the comprehension of
an unfolding piece of discourse.


