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Abstract

Syntactic priming is the facilitation of processing that occurs when a sentence has the same
syntactic form as a preceding sentence. Such priming effects have been less consistently
demonstrated in comprehension than in production, and those that have been reported have
depended on the repetition of verbs across sentences. In an ERP experiment, participants read
target sentences containing reduced-relative clauses. Each was preceded by a sentence that
contained the same verb and either a reduced-relative or a main-clause construction. Reduced-
relative primes elicited a larger positivity than did main-clause primes. Reduced-relative targets
that were preceded by a main-clause prime were more positive than the same target sentences
following a reduced-relative prime. In addition, syntactic priming effects were dissociated from
effects of lexical repetition at the verb.
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Language comprehension involves the activation of stored representations of different types
of knowledge. An important question in research on language processing concerns the
nature of these representations. What types of information are represented, and in what
form? One way to address this question is through priming. Priming occurs when processing
one stimulus facilitates processing of a subsequent stimulus. Structural priming can provide
evidence regarding the representation of and access to linguistic knowledge because, when
priming occurs, it demonstrates that some element of representation is shared across the
prime and target stimuli. Repetition priming, in which a word is processed more quickly
upon subsequent presentations than on the first, may result from residual activation of a
lexical representation following its initial presentation (Morton, 1969). Evidence of
repetition priming has been demonstrated in word lists (Scarborough, et al., 1977) and in
sentence and discourse contexts (Sereno & Rayner, 1992; Traxler, et al., 2000).

Syntactic priming is the facilitation of processing that occurs when a sentence has the same
syntactic form as a preceding sentence. Syntactic priming occurs reliably in studies of
language production. In an early demonstration, participants tended to produce the syntactic
form of a sentence they had just heard and repeated aloud (Bock, 1986). Subsequent studies
have extended this basic finding to a broad range of participants, sentence types, and
languages (Branigan, et al., 2000; Hartsuiker & Kolk, 1998a,b; Hartsuiker, et al., 2004;
Loebell & Bock, 2003; Pickering & Branigan, 1998; Savage, et al., 2003).

Until recently, such priming effects had been less consistently demonstrated in on-line
studies of language comprehension. However, several studies have now demonstrated
priming effects that seem truly syntactic in nature (Frazier, et al., 1984; 2000). For example,
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Branigan, Pickering, and McLean (2005) had participants read sentence fragments and
choose from two pictures the one that corresponded to the fragments. Participants were more
likely on target trials to choose a given interpretation of a syntactically ambiguous phrase if
they had read and seen a similar interpretation on the preceding prime trial.

Notably, while syntactic priming effects generally are affected by lexical overlap between
primes and targets, priming can occur robustly in production, but not in comprehension,
without such overlap (Cleland & Pickering, 2003; Pickering & Branigan, 1998). For
example, Branigan and colleagues' (2005) syntactic priming effects were abolished when
lexical overlap between prime and target stimuli was eliminated. Likewise, eye-tracking
experiments have shown priming of target sentences for a variety of related prime types
(Pickering & Traxler, 2004, 2006; Traxler & Pickering, 2005), but critically, only for prime-
target pairs that contain the same verb form. Why is lexical overlap crucial to priming in
comprehension? One possibility is that the kind of priming observed in comprehension is
really semantic rather than syntactic. When primes and targets have overlapping lexical
information, they also have greater semantic overlap relative to prime-target pairs that do
not share words.

To test this possibility, we modified the experimental paradigm used by Pickering and
Traxler (2004) to measure the effects of grammatical repetition on the comprehension of
difficult reduced-relative (RR) clause sentences, as in (1).

(1) The defendant examined by the lawyer was unreliable

People initially interpret the defendant as the subject of the verb examined. They are “led
down the garden-path” and interpret the sentence as a main-clause (MC) structure (as in the
defendant examined the evidence). They must revise this interpretation when they encounter
the disambiguating phrase by the lawyer, which forces the understanding of the verb as a
past participle modifier of the defendant. Readers have difficulty with this kind of sentence,
and that difficulty emerges when they first encounter the disambiguating phrase (Clifton, et
al., 2003; Ferreira & Clifton, 1986; Trueswell, et al., 1994).

Pickering and Traxler (2004) monitored participants' eye movements while they read RR
target sentences that had been preceded by either an RR or an MC prime sentence. In their
first experiment, in which verbs were repeated across items, they found effects of syntactic
priming on reading times: target-sentence processing was facilitated after a prime sentence
with the same syntactic structure. In their second experiment, in which verbs were not
repeated, no evidence of syntactic priming was observed.

The current experiment used event-related potentials (ERPSs) to identify the source of
priming for sentences like (1). ERPs are sensitive enough to detect differences in processing
that may not consistently manifest behaviorally. Additionally, ERPs can be time-locked to
different critical words, resulting in electrophysiological changes that are reliably associated
with different aspects of processing. Most importantly, ERPs can dissociate effects of lexical
repetition priming and syntactic priming.

Lexical repetition decreases the amplitude of the N400 component elicited by a word in a
list, sentence or discourse context (Besson, et al., 1992, 1993; Paller & Kutas, 1992; Rugg,
1985, 1990). The N400 is a negative deflection in the ERP waveform that peaks
approximately 400ms post-stimulus onset, and is maximal over posterior electrode sites
(Kutas & Hillyard, 1980). A reduction of the amplitude of the N400 is found for words that
can be easily integrated into the preceding context (e.g., Brown & Hagoort, 1993; Holcomb,
1993).
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Syntactic processing has been shown to induce positive shifts in the ERP waveform.
Processing of syntactic ambiguities has been found to affect the P600 component of the ERP
(Osterhout & Holcomb, 1992), also known as the syntactic positive shift (SPS; Hagoort, et
al., 1993). Generally, this broadly-distributed component onsets at approximately 500ms
poststimulus onset; however, some studies have observed positive shifts with an onset
latency as early as 200ms (Friederici, et al., 1998; 2001; see also Kutas et al., in press).1

We examined the contribution of repetition priming and syntactic priming during the
comprehension of MC and RR sentences with repeated verbs, as shown in Table 1. To the
extent that RR prime sentences are more difficult to parse than MC prime sentences, we
should see a greater positivity to RR primes than to MC primes. Target sentences were
always of the more difficult RR type, and were the same across comparison groups in the
experiment; the only difference was the type of prime sentence (MC or RR) that preceded
the target. If prime structure facilitates the syntactic processing of target structure, then
participants' ERPs should show a reduced positivity when RR primes precede RR targets
(relative to when those targets follow MC primes).

We also designed the experiment to allow a comparison of the processing of a given RR
sentence when it appeared as a prime and as a target. That is, across participants, each RR
sentence appeared as both a prime and as a target. When seen as a target, these sentences
should benefit from the prior exposure to a sentence with the same verb and a similar
syntactic structure: ERPs to the critical disambiguating noun as part of a target sentence,
relative to a prime, should show a reduced positivity due to syntactic priming.

Finally, across prime and target sentences, we incorporated lexical repetition of the verb. By
time-locking the ERPs to the first and second presentation of the verb, we could look for
N400 effects of lexical repetition as dissociated from any observed effects of the repetition
of syntactic structure.

Participants were 30 right-handed native speakers of English recruited from the student
population of UC Davis. None reported neurological impairment or medication.

The stimuli were adapted from those used by Pickering and Traxler (2004). Examples are
presented in Table 1. Four versions of each of 80 experimental prime/target sentence pairs
were constructed by manipulating two factors: type of prime sentence and position in a pair
of a given RR sentence (prime or target). The two types of sentences (MC and RR) were
exactly the same up to and including the first verb; disambiguation occurred at the phrase
following the verb?, Target sentences were always of the RR construction, and always used
the same verb as the paired prime sentence. Across lists, a given RR sentence occurred as
both a prime sentence and a target sentence, thus serving as its own control.

Each participant read 80 prime sentences (40 MC primes and 40 RR primes) and 80 target
sentences (all of which were RR form). In addition, participants read 190 filler sentences.

ITwo earlier negative responses in the ERP have been observed to syntactic manipulations: the Early Left Anterior Negativity
(ELAN; 100-300ms post-stimulus onset) and the Left Anterior Negativity (LAN; 300-500ms). Both are observed primarily in
response to syntactic violations. Because the sentences we used were all syntactically well-formed, we did not expect to find ELAN or
LAN effects in our experiment.

It was not possible (for semantic reasons) to match the critical nouns across the MC and RR prime sentences.
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Eighty of these were of the MC construction; as a result, participants read an equal number
of MC and RR sentences (120 of each). The other 110 fillers were selected to include a wide
variety of syntactic forms and semantic content.

Design and Procedure

Prime sentence type (MC or RR) was manipulated within-subjects; RR position (as prime or
as target) was manipulated between-subjects. Fourteen filler sentences formed a practice
block; the 160 experimental sentences were pseudo-randomly mixed with the remaining 176
filler sentences into 8 blocks of 42 sentences each. The prime and target sentences of a pair
were presented sequentially; at least two filler sentences intervened between pairs. Each
experimental and filler sentence was followed by a comprehension question. For the
experimental sentences, a correct response to this question required the proper resolution of
the MC and RR constructions. Four counterbalanced lists were created such that each
experimental prime/target pair appeared in only one condition in a list, and across lists every
pair occurred in all conditions. Across participants, each pair occurred equally often in each
condition.

Each participant was tested individually in a dimly lit, electrically shielded, sound-
attenuating booth. They were asked to silently read the sentences and to answer each
question using a button box. Each trial began with a fixation cross (presented for 1000ms) in
the center of the screen. Each sentence was presented one word at a time using rapid serial
visual presentation with a duration of 300ms and an interstimulus interval of 200ms. The
comprehension question appeared all at once 1000ms after the offset of the last word of each
sentence, and remained on the screen until a response was recorded.

EEG Recording

Results

EEG was recorded from 29 tin electrodes fitted in an elastic cap, referenced to the right
mastoid; left mastoid was actively recorded for later re-referencing. Vertical eye movements
were monitored by a sub-orbital electrode, and horizontal eye movements via left and right
external canthus montages. Impedance was kept below 5 kOhm. Prior to off-line averaging,
all single-trial waveforms were automatically screened for amplifier blocking, muscle
artifacts, horizontal eye movements and blinks over epochs of 1200ms, starting 200ms
before the onset of the critical words. For each participant, average ERPs were computed
over artifact-free trials for critical words in all conditions. Off-line the waveforms were
rereferenced to the algebraic average of both mastoids. The bandpass was 0.01 to 30 Hz at a
sampling rate of 250 Hz.

Behavioral results

ERP results

Mean comprehension accuracy was .89 (SD=.05). Comprehension accuracy did not differ
significantly by condition (RR primes: M=.88, SD=.09; MC primes: M=.88, SD=.08; targets
after RR primes: M=.89, SD=.05; targets after MC primes: M=.89, SD=.07).

ERP data were analyzed using repeated-measures analyses of variance (ANOVAS)
performed on the mean amplitude of the ERPs to the critical words over the 29 electrode
sites in 100ms overlapping (by 50ms) windows to determine the onset and offset of effects.
The results of these analyses between 300ms and 800ms post-stimulus onset are presented in
Table 23. For evaluating effects with more than one degree of freedom in the numerator, the
Greenhouse-Geisser correction was used to compensate for inhomogeneous variances and
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covariances across treatment levels (Greenhouse & Geisser, 1959); the adjusted p-values are
reported.

Prime sentences

As shown in Figure 1 (left panel), ERPs to the critical noun in the postverbal phrase in RR
prime sentences were more positive (from approximately 350-850ms post-stimulus onset)
than those to the critical noun in MC prime sentences.

Target sentences

The processing of the same RR target sentences differed as a function of the type of prime
sentence (Figure 1, right panel). The response to the noun in an RR target sentence was
more positive in the 300-500ms time window if its presentation had been preceded by an
MC prime than if it had been preceded by an RR prime.

RR sentences as prime vs. target

Because of the counterbalancing of the RR stimuli, the ERPs to the sentences as primes
could be compared to those to the sentences as targets. The ERPs to the critical noun when it
appeared in an RR prime sentence and in a target sentence following an RR prime sentence
are shown in Figure 2 (left panel). There was a significantly greater positivity when these
words appeared in prime sentences, relative to targets sentences, during the 300-600ms time
window.

In contrast, Figure 2 (right panel) shows the ERPs to the critical noun when it appeared in an
RR prime sentence and in a target sentence following an MC prime. There was no
significant difference in the ERPs to the words in the two conditions in any of the time
windows tested.

Verb repetition

Figure 3 (left panel) shows the ERPs timelocked to the verb, on first presentation (in prime
sentences) and on second presentation (in target sentences). At points between 400 and
550ms, we found an interaction between presentation (first vs. second) and electrode site.
Subsequent comparisons indicated a significant reduction of the N400 to the verb on second
presentations at posterior electrode sites, but not at anterior electrode sites.

We looked separately at the effect of verb repetition when the prime sentence was an MC or
an RR. Figure 3 (middle panel) shows the response to the verb on first and second
presentations, when the first presentation was an MC sentence. There was a clear repetition
benefit for the verb on second presentations: a significant N40O repetition effect to the verb
at posterior electrode sites was observed in this time window.

In contrast, Figure 3 (right panel) shows the response to the verb on first and second
presentations when the first presentation was an RR sentence. In this case, there was no
evidence of the N40O lexical repetition effect; instead, there was evidence of a decreased
positivity at posterior electrodes to the verb on the second presentation in the 600-800ms
time window.

3we found significant early effects (between 0-300ms) for one comparison, that of RR sentences as primes vs. as targets (Figure 3). It
is possible that these differences are carry-over effects from the previous word; however, when we examined the ERPs timelocked to
the previous word, we did not observe any differences in the waveforms. It seems likely, then, that the differences observed here are
due to perceptual or attentional processing of the sentences on first vs. second presentation.
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Discussion

We used ERPs to examine lexical repetition and syntactic priming effects in language
comprehension. Participants read target RR sentences that had been preceded by an MC or
RR prime sentence that used the same verb. In the prime sentences, we found a greater
positive shift to the critical disambiguating noun in the RR sentences than in the MC
sentences. We believe that this shift resembles other positive deflections (P600/SPS) whose
amplitude has been shown to increase in response to syntactic ambiguity and parsing
demands, and suggests a greater difficulty in parsing RR primes relative to MC primes
(mirroring prior behavioral and electrophysiological findings).

RR target sentences differed across conditions only as a function of the type of prime
sentence (MC or RR) that came before. We found evidence of the differential processing of
these target sentences, depending on the preceding prime: the ERP response to the critical
noun was more positive if it occurred in a sentence that followed an MC prime than if it
followed an RR prime. Given that the only difference between our conditions was the
syntactic structure of the prime sentence, this effect likely represents an advantage in
syntactic ambiguity resolution of the target sentences that was conferred by the experience
of having recently read another sentence with the same syntactic structure (and the same
verb).

Our experimental design allowed us to examine the reading of a given RR sentence as a
prime or as a target. We looked at our target sentences as a function of whether they had
been preceded by an MC or an RR prime sentence, and compared these results to the
processing of RR sentences that appeared as primes (those which had not been preceded by
another sentence with the same verb). The comparison of RR targets that had been preceded
by MC primes to RR primes revealed no differences in the processing of the sentences in the
two conditions. Having seen an MC prime sentence had no effect on the processing of a
following target sentence that contained the same verb but a different syntactic structure;
these targets were processed in the same way as an RR sentence that had no prime. Lexical
overlap between primes and targets did not alone lead to differential syntactic processing of
the target sentences (as might be the case if readers were developing processing strategies).
On the other hand, comparison of RR targets that had been preceded by RR primes to RR
primes revealed differences between these two conditions. The reduced positivity to the
disambiguating noun in the target sentences relative to the same word in the prime sentences
suggests that exposure to the RR prime had an effect on the processing of the RR target.
Taken together, these results represent a demonstration of syntactic priming effects in
comprehension.

These differences we observed were manifest in the ERP waveforms as a reduced positivity
(to RR targets that followed RR primes, relative to those that followed MC primes; or to RR
sentences that were presented as targets, relative to the same sentences when presented as
primes). This reduced positivity may be interpreted as a reduction of the P600/SPS that has
been previously implicated in syntactic reanalysis or ambiguity resolution. The latency of
the positive shift in our experiment is similar to that observed for the P600. The distribution
of this effect in our experiment was broad, with some suggestion of an anterior locus
(although this was not reliable in statistical analyses). Anterior distributions of P600 effects
have been demonstrated in the past, leading some researchers to suggest that such a
distribution is more likely in cases of syntactic ambiguity resolution (as in our experiment)
and a posterior distribution in cases of syntactic violations (Hagoort, et al., 1999; Kaan &
Swaab, 2003). The most likely source of this reduced positivity is a decrease in the syntactic
parsing demands of difficult RR sentences when these sentences were preceded by sentences
of similar syntactic structure.

Psychol Sci. Author manuscript; available in PMC 2007 April 17.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Ledoux et al.

Page 7

Our experimental design also allowed an examination of the contribution of lexical or
semantic repetition to this syntactic priming effect. When we compared the processing of the
verb in primes and in targets, we found a reduction in the amplitude of the N40QO to the verb
upon repetition. This effect was modulated, however, by the structure of the sentence in
which the first presentation of the verb appeared. If participants first read the verb in a less
taxing MC prime sentence, there was a large N400 benefit from repetition priming at the
verb in the target sentences (before the difficult RR clause was encountered). This N400
repetition effect was not observed when participants first read the verb in an RR prime
sentence. Instead, a comparison of the ERPs to the repeated verb in RR prime sentences and
in target sentences that followed RR prime sentences revealed a decreased positivity to the
verb on second presentations in a late time window (600-850 ms). This difference reflects a
reduction in the amplitude of the Late Positive Component (LPC) that has been reported to
repeated words in a sentence or discourse context (Van Petten, et al., 1991). Van Petten and
colleagues (1991) offered a functional interpretation of the LPC as an index of the retrieval
and updating demands imposed by words in varying contexts. The LPC difference in our
experiment may therefore reflect the maintenance of some type of information in working
memory from the first presentation of the verb to the second (resulting in a decrease in the
retrieval and updating processing required on the second presentation). It is interesting to
note in this case that the modulation of the LPC emerges in the absence of the typical N400
repetition effect. Some kind of lexical information about the verb remains active in working
memory from the first presentation to the second (as indexed by the reduction in the LPC),
but this information does not seem to ease the semantic integration of the verb with its
sentence context on the second presentation (as suggested by the lack of the N400 repetition
effect).

What kind of information might be maintained in working memory, leading to this LPC
effect? It seems likely, given the evidence of syntactic priming described above, that this
information relates to the syntactic properties of the verb, and its use in different syntactic
constructions. Most theories assume that the lexical representation of a verb incorporates
information about the types of constructions in which that verb participates (its
subcategorization frames; Ford, Bresnan, & Kaplan, 1982). The lexical representation of a
given verb will include information about all such possible constructions, but may be biased
toward one construction in which the verb often appears. In this experiment, readers may
have generally defaulted to the MC interpretation of the verbs. Having recently seen the verb
in an RR construction, however, might have increased the activation of this
subcategorization frame, leading to a quicker diagnosis of the possibility of this construction
with this verb on subsequent presentations. The reduction in the amplitude of the LPC to this
verb on second presentations might reflect the maintenance of this subcategorization
information in working memory following the first presentation of the verb. This
explanation could help to explain the necessity of verb lexical repetition in syntactic priming
effects in comprehension.

In sum, we have demonstrated ERP evidence of syntactic priming effects in comprehension.
These effects were dissociable from effects of the repetition of verbs across prime and target
sentences and do not likely reflect semantic facilitation effects. The repetition of syntactic
form led to changes in the electrophysiological response that are associated with a
facilitation of syntactic analysis or ambiguity resolution. Changes in the processing of the
verb in target sentences that followed RR prime sentences suggest that syntactic priming
effects might be at least partially localized to changes in the representation of syntactic
information at the verb.
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Prime Target
Sentences Sentences
FZ FZ

m———
0 400 800
RR Prime —— RRTarget after RR Prime
"The speaker proposed by the group..." ~ ~—====~ RR Target after MC Prime

"The manager proposed by the directors..."

------- MC Prime

"The speaker proposed the solution..."

Figure 1.
Prime and target sentences. For the primes (left), ERPs are shown to the noun following the

verb in the disambiguating phrase of RR (solid) and MC (dashed) sentences. For the targets
(right), ERPs are shown to the critical disambiguating noun of target (RR) sentences that
followed RR (solid) or MC (dashed) prime sentences. The ERPs are grand averages across
all participants, shown at midline (frontal: Fz, central: Cz, parietal: Pz) electrode sites.
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Critical Noun in RR Sentences
(as Prime vs.as Target)

RR Target follows RR Prime RR Target follows MC Prime

FZ FZ

———+— 120 wV
0 400 800
RR Prime —— RRPrime
-------- RR Target after RRP ------- RR Target after MCP
"The speaker proposed by the group..." "The speaker proposed by the group..."

Figure 2.

RR sentences: Primes vs. targets. The left panel shows ERPs to the noun following the verb
in the disambiguating phrase of RR prime sentences (solid) and of target (RR) sentences that
followed RR prime sentences (dashed). The right panel shows ERPs to the noun following
the verb in the disambiguating phrase of RR prime sentences (solid) and of target (RR)
sentences that followed MC prime sentences (dashed). The ERPs are grand averages across
all participants, shown at midline (frontal: Fz, central: Cz, parietal: Pz) electrode sites.
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Verb Repetition Effects

Overall MC Prime/RRTarget ~ RR Prime/RR Target

First Presentation
"The speaker proposed..."

-------- Second Presentation
"The manager proposed..."

Figure 3.

Verb repetition effects. The left panel shows ERPs to the verb before the disambiguating
phrase of all prime sentences (first presentation; solid) and of all target sentences (second
presentation; dashed). The middle panel shows ERPs to the verb before the disambiguating
phrase of MC prime sentences (first presentation; solid) and of target sentences that
followed MC prime sentences (second presentation; dashed). The right panel shows ERPs to
the verb before the disambiguating phrase of RR prime sentences (first presentation; solid)
and of target sentences that followed RR prime sentences (second presentation; dashed). The
ERPs are grand averages across all participants, shown at midline (frontal: Fz, central: Cz,
parietal: Pz) electrode sites.
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Example of the stimulus sets used in the experiment. Each participant saw one RR target, preceded by either
an RR prime or an MC prime. Across participants, RR sentences could occur as either a prime or a target
(dotted arrows). The ERPs were time-locked to the presentation of the verb (in italics) or the noun in

postverbal phrase (underlined).

RR Prime

MC Prime

(RR) Target

The speaker proposed by the group would
work perfectly for the program.

The speaker proposed the solution to the
group at the space program.

The manager proposed by the directors was a
bitter old man.

The manager proposed by the directors was a
bitter old man.

The manager proposed the changes to the
bitter old man.

The speaker proposed by the group would
work perfectly for the program.
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