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These properties of the ideal tool amount to a formidable methodological chal-
lenge. Unfortunately, few of the available methods have all of these properties, and
the absence of even one property can limit significantly the utility of the method.
For example, eyetracking provides continuous measurement during comprehension
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processing. Similarly, given both the highly variable semantic-processing fMRI
results and the lesion and ERP results, compelling claims can be made concerning
the regions in the brain most implicated in semantic processing. Although an appre-
ciation for the value of converging evidence is an old and perhaps out-of-fashion
virtue, its value has only increased with the advent of these new, but imperfect,
investigative methods.

14.2.4 Coordination Between Syntax and Semantics in 
Sentence Processing

Because of their unique constellation of properties, ERPs can also be used to address
longstanding issues concerning the coordination of syntactic and semantic process-
ing. Theory regarding this issue has been deeply influenced by a family of syntax-
first models of linguistic structure (Chomsky, 1981) and language processing (Fer-
reira & Clifton, 1986; Fodor & Ferreira, 1998). The psycholinguistic models posit
that language comprehension is controlled by an initial stage of purely syntactic
processing. As words arrive in the linguistic input, they are rapidly organized into
a structural analysis by a process that is not influenced by detailed lexical or semantic
knowledge. The output of this syntactic process then guides semantic interpretation.
Syntax-first processing has been implicated in accounts of garden-path phenomena,
in which readers and listeners initially misanalyze sentences containing temporary
syntactic ambiguities. Consider, for example, sentences (1a) and (1b):

(1) a. The doctor believed the patient was lying.
b. The doctor believed the patient after hearing the story.

Readers of sentences like (1a) often initially interpret the second noun phrase
(the patient) as the direct object of the first verb (believed), when it is actually the
subject of an embedded clause (the patient was lying
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-ing inflection of the verb is consistent with the anomalous agent interpretation but
not the theme interpretation [as opposed to -ed as in (2b)]. Sentence (2a) provides
a special situation—contrasted with the well-formed (2b) and (2c)—in which syn-
tactic and semantic constraints point toward directly opposed functional outcomes.
The interaction of syntactic and semantic processing in such situations can be studied
with ERPs. If syntactic processing controls semantic processing, then an agent
interpretation of the first noun phrase should be pursued. The implausibility of this
interpretation should elicit an enhanced N400 component for violation verbs (2a)
relative to control verbs (2b) and (2c). By contrast, semantic processing may operate
with some independence from syntactic control such that the plausible theme inter-
pretation of the noun phrase is pursued, even though it directly conflicts with
syntactic cues in the string. Because this interpretation is in direct conflict with the
syntactic cues in the string, it is possible that readers will encounter syntactic
processing difficulty at the verb. That is, powerful semantic cues may cause a well-
formed string to appear ill-formed. Such a perceived syntactic incongruity might
elicit a P600 effect. Note that the two different functional outcomes mentioned above
cannot be distinguished by reading time or eyetracking measures, which conflate
syntactic and semantic processing difficulty at the anomalous verb.

ERPs to the verbs in each sentence type are shown in Figure 14.5. Violation
verbs elicited a robust P600 effect compared to the control conditions, but no increase
in N400 amplitude. These results seem to indicate that syntactic processing difficulty
occurred at the verb when its inflection conflicted with available semantic cues. At
the same time, there is no indication that semantic processing is guided by syntactic
cues into the difficult logical-subject interpretation.6,
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(5) Tu manges des hamburgers\*hamburger pour diner
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Lawson, 1992) have argued that content words elicit a negative-going wave that
peaks at about 400 ms (N400), whereas function words elicit a negativity that peaks
at about 280 ms (N280). The N400 component is largest over the posterior parts of
the scalp, whereas the N280 is largest over anterior portions of the left hemisphere.
These areas of maximum amplitude are interesting because they correspond to the
lesion sites that putatively produce problems in processing the meaning and form
of sentences, respectively. Such evidence has led Neville and colleagues to conclude
that the N400 and N280 reflect specifically the semantic and syntactic functions of
these two word classes, respectively.

The problem with this claim is that many variables are confounded with the
content/function distinction. Most notable in this regard is the confounding between
word class, on the one hand, and word length and normative word frequency, on the
other. Function words tend to be shorter and more frequent than content words. It
could be, then, that the ERP differences between content and function words are
due mostly to the physical properties of length and frequency than to their abstract
linguistic functions. To investigate this possibility, we asked subjects to read a short
essay for comprehension (Osterhout, Allen, & McLaughlin, 2002). We then averaged
ERPs in two ways: as a function of word class (content and function) and as a
function of word length. When we averaged the ERPs as a function of word class,
we replicated the result reported by Neville and colleagues. Function words elicited
a negative component at about 300 ms that was largest over anterior portions of the
left hemisphere, whereas content words elicited a posterior-maximal N400 compo-
nent (Figure 14.10a). However, when we averaged the ERPs as a function of word
length, we found that the variation in amplitude and latency could be accounted for
almost entirely by the single variable of word length (Figure 14.10b). This robust
near-linear function is much more consistent with a “word-length” model than a
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reanalysis. They have shown that although the P600 is sensitive to stimulus manip-
ulations (e.g., manipulating the proportion of anomalies within a list) and task
manipulations (e.g., monitoring for a syntactic vs. a semantic problem), the LAN
effect is not (Hahne & Friederici, 1999, 2002). Such a result is expected if the LAN
reflects the actions of a fast, automatic syntactic analyzer, whereas the P600 does
not. However, these demonstrations suffer from a potentially serious materials flaw.
In both of their experiments, Hahne and Friederici presented their sentences as
continuous natural speech. In such a paradigm, ERPs to several successive words
will commingle. If these words are different across conditions, confounds are likely.
In the Hahne and Friederici experiments, sentences in the control and syntactically
anomalous conditions were comprised of sequences such as (1) Das Brot wurde
gegessen (The bread was eaten) and (2) Das Brot wurde im gegessen (The bread
was in-the eaten), respectively. The critical word was the verb gegessen. This com-
parison is problematic. For example, wurde and im
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resolution (or “localization”) of fMRI signals (Menon & Goodyear, 2001). However,
whether these methods can be successfully applied to psycholinguistic research
remains to be seen.

2. These studies did differ in how the fMRI data were treated statistically, which by
itself could result in different conclusions across studies, even given similar BOLD
signals.

3. Although the N400 and P600 effects to semantic and syntactic processing, respec-
tively, are in fact highly reproduceable, and the antecedent conditions that elicit them
are fairly well understood, this is perhaps less so for the LAN and other anterior
negavitities elicited by syntactic anomalies. These anterior negativities are often not
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claimed to reflect detection of a word category anomaly, detection of a morphosyn-


