
                                                                    

University of Dundee

No looking back

van Gompel, Roger; Wakeford, Laura; Kantola, Leila

Published in:
Language, Cognition and Neuroscience

DOI:
10.1080/23273798.2022.2036782

Publication date:
2022

Licence:
CC BY

Document Version
Publisher's PDF, also known as Version of record

Link to publication in Discovery Research Portal

Citation for published version (APA):
van Gompel, R., Wakeford, L., & Kantola, L. (2022). No looking back: The effects of visual cues on the lexical
boost in structural priming. Language, Cognition and Neuroscience.
https://doi.org/10.1080/23273798.2022.2036782

General rights
Copyright and moral rights for the publications made accessible in Discovery Research Portal are retained by the authors and/or other
copyright owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with
these rights.

 • Users may download and print one copy of any publication from Discovery Research Portal for the purpose of private study or research.
 • You may not further distribute the material or use it for any profit-making activity or commercial gain.
 • You may freely distribute the URL identifying the publication in the public portal.
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Download date: 23. May. 2023

https://doi.org/10.1080/23273798.2022.2036782
https://discovery.dundee.ac.uk/en/publications/97c60fd1-0171-43ec-b5fd-d0aa45fcd087
https://doi.org/10.1080/23273798.2022.2036782


REGULAR ARTICLE

No looking back: the effects of visual cues on the lexical boost in structural
priming
Roger P.G. van Gompel a, Laura J. Wakeforda and Leila Kantolab

aSchool of Social Sciences, University of Dundee, Dundee, UK; bDepartment of Language Studies, Umeå University, Umeå, Sweden

ABSTRACT
Four structural priming experiments investigated the lexical boost effect in structural priming. In
two experiments, we tested whether repeating the subject in prepositional object or double
object ditransitive structures boosted structural priming. In two other experiments, we
manipulated the repetition of the verb. Repetition of the subject noun affected structural
priming, but only when the prime remained visible while participants produced the target
sentence. In contrast, repetition of the verb boosted priming regardless of whether participants
could see the prime and target simultaneously. We conclude that the subject noun repetition
effect is more strategic in nature than the verb boost effect. Structures are automatically
associated with the verb, their syntactic head, whereas repetition of the subject noun only
affects priming if the presentation method makes the repetition highly explicit.
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Introduction

Research has shown that language producers tend to
repeat syntactic structures across utterances. This
finding has been referred to as syntactic or structural
priming. It has been observed in naturally occurring
text and conversation as well as in psycholinguistic
experiments (see Pickering & Ferreira, 2008 for an over-
view). One critical finding has been the lexical boost
effect, the finding that structural priming is larger
when particular words are repeated between prime
and target. In a seminal study, Pickering and Branigan
(1998) demonstrated this effect in a written sentence
completion task. Participants received booklets contain-
ing a list of sentence fragments. They first wrote a com-
pletion to a prime fragment that encouraged the
production of either a prepositional object (PO) ditransi-
tive structure (1a) or a double object (DO) structure (1b).
Next, they provided a written completion to a target
fragment that allowed either a PO or DO structure (2).

1a. The racing driver showed the torn overall…

1b. The racing driver showed the helpful mechanic…

2. The patient gave…

They found that their participants produced more PO
target structures after PO than DO primes in cases such
as (1-2), but critically, the priming effect was larger when

the verb was the same in prime and target (e.g.
“showed” in both) than when it was not (e.g. “showed”
and “gave”). Based on their findings, Pickering and Brani-
gan proposed a residual activationmodel in which combi-
natorial information (i.e. the structures with which a word
can co-occur) is associated with the verb. Structural
priming in the absence of verb repetition is due to residual
activation of the combinatorial information (e.g. activation
of the POorDO structure), whereas the lexical boost effect
is due to activation of the associative link between verb
lemmas and combinatorial information that specifies the
structures with which the verb can occur (e.g. a link
between the PO structure and “show”).

Many studies have since replicated the lexical boost
with verb repetition using different structural priming
methods (e.g. Branigan et al., 2000; Chang et al., 2015;
Corley & Scheepers, 2002; Hartsuiker et al., 2008;
Schoonbaert et al., 2007; Segaert et al., 2016; Van
Gompel et al., 2012). However, the question remains
whether the repetition of other words from the prime
causes a similar boost. Pickering and Branigan’s (1998)
residual activation model suggests that the lexical
boost only occurs when the verb is repeated, because
it is the syntactic head that licenses the PO or DO. The
boost should not occur when other words in the sen-
tence are repeated because they do not license these
structures.
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Pickering and Branigan’s (1998) account of the lexical
boost contrasts with that of Chang et al. (2006) and
Reitter et al. (2011), which predict that the repetition
of any content word, regardless of whether it is the
head of the primed structure, should cause a boost.
Chang et al. assumed that the lexical boost occurs
because a repeated word acts as an explicit memory
cue for the structure in the prime sentence and therefore
any repeated content word, whether a verb or a noun,
should cause a priming boost. In their model, the
memory mechanisms underlying the lexical boost are
very different from the memory mechanisms when no
content words are repeated. The repetition of a word
activates an explicit short-term memory trace of the sen-
tence, whereas abstract priming when no words are
repeated is due to implicit learning. Similarly, Reitter
et al.’s ACT-R model assumes that the two effects are
different in nature. Abstract structural priming is due
to base-level learning and spreading activation,
whereas the lexical boost is due to spreading activation
in combination with associative learning, during which
structures become associated with word meanings.

Recently, Scheepers et al. (2017) and Carminati et al.
(2019) investigated whether a lexical boost also occurs
with the repetition of the nouns in ditransitive PO/DO
sentences, which are not the head of the PO or DO.
Their experiments yielded conflicting findings. Schee-
pers et al. conducted three experiments using a
“random word array” target task. Participants read
either a PO or DO prime sentence aloud and then had
to produce a sentence from words presented in a
random order (e.g. “bible”, “evangelist”, “youngster”,
“sold”). In all three experiments, Scheepers et al. found
a lexical boost with noun repetition (in particular, the
subject and the recipient), whereas the abstract struc-
tural priming effect was small and only significant
when they combined the data from all three exper-
iments. In contrast, Carminati et al. conducted five
experiments using different tasks (including the
random word array task) and observed abstract struc-
tural priming with PO/DO structures but no lexical
boost with noun repetition. The difference in results
may be partly due to the fact that Carminati et al.
repeated a single noun in their experimental trials,
whereas Scheepers et al.’s Experiments 2 and 3 con-
tained many trials where several nouns were repeated;
repetition of several nouns may have made participants
aware that the prime and target structures were related.
However, it does not explain the results of Scheepers
et al.’s Experiment 1, where they only repeated a
single noun. The discrepancy in results between Schee-
pers et al. and Carminati et al. suggests that the non-
head noun boost may come and go depending on

quite subtle differences in methodology. This contrasts
with the verb head boost, which has been observed in
many experiments using a variety of methods. This
suggests that the head and non-head boosts may be
due to different underlying cognitive mechanisms.

In the current experiments, we therefore investigated
whether the head and non-head boosts are differently
affected by the method. Based on Scheepers et al.’s
(2017) and Carminati et al.’s (2019) research, we
expected that the head boost effect is more stable
across methods than the non-head boost. In order to
investigate this, we compared a method in which the
word repetition was very explicit with one where it
was less so. We made the word repetition highly explicit
by giving participants booklets with prime-target pairs
that allowed them to see the prime fragment and its
completion while they completed the target; thus,
they did not need to rely on their memory to realise
that a word was repeated between prime and target.
We contrasted it with a method in which participants
could not see the prime and target simultaneously, so
the word repetition was less explicit; participants wrote
completions on a computer screen and the completion
disappeared after they had completed it, so the prime
was no longer visible when they completed the target.
Both methods have been used previously (e.g. Corley
& Scheepers, 2002; Desmet & Declercq, 2006; Kantola &
Van Gompel, 2011; Pickering et al., 2002; Pickering & Bra-
nigan, 1998; Scheepers, 2003; Van Gompel et al., 2012),
but the current study is the first to directly contrast
them to investigate task-specific effects on the lexical
boost.

Models of structural priming and the lexical boost
such as the residual activation model by Pickering and
Branigan (1998) and the ACT-R model by Reitter et al.
(2011) currently do not make predictions for how the
visibility of the prime sentence affects the lexical
boost. This is also true for Chang et al.’s (2006) explicit
memory account of the lexical boost. However, if the
boost is due to the explicit memory for the words in
the prime, that raises the possibility that the boost is
larger when participants can look back at the prime,
because the simultaneous visibility of the repeated
word in the prime and target may act as an overt, explicit
cue for the prime structure. In contrast, when partici-
pants cannot look back, the repeated word may act as
a cue only if it is still represented in explicit memory. If
the repeated prime word is no longer in explicit
memory, no boost may occur. This account predicts
that we should observe a stronger lexical boost if partici-
pants can look back than if they cannot, both when the
noun and when the verb is repeated. However, given
that the head boost appears more robust across
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studies than the non-head boost, an alternative account
is that different cognitive processes may underlie the
verb and noun boost effects. That is, the non-head
boost may be due to explicit memory for the prime,
whereas the head boost may be unaffected by explicit
memory processes (and rely on more automatically
engaged implicit memory processes), and as a result,
the non-head boost may depend on how explicit the
word repetition is, whereas the head boost may not.

To test this, we conducted four structural priming
experiments on PO/DO ditransitive structures: In Exper-
iments 1 and 2, we manipulated the repetition of the
subject noun (a non-head), whereas in Experiments 3
and 4, we manipulated the repetition of the verb (the
head). In Experiments 1 and 3, participants could see
the prime when they completed the target, but in Exper-
iments 2 and 4, they could not.

Experiment 1

Experiment 1 tested whether a lexical boost occurred
when the subject noun in PO/DO ditransitives was
repeated between prime and target. We made the rep-
etition highly explicit by using a written completion
task in which participants could see the prime while
they completed the target.

Method

Participants
Fifty-six native speakers of English took part. All were
undergraduate students at the University of Dundee
who received course credits for their participation.
None of the participants reported any previous reading
difficulties. All experiments in this article were approved
by the University of Dundee Ethics Committee.

Materials
We constructed 40 item sets such as (3-4). Participants
had to write a completion to a prime fragment that
either encouraged a PO (3a, c) or a DO completion (3b,
d) and then had to write a completion to a target frag-
ment (4) that allowed either a PO or DO. The PO eliciting
prime fragments consisted of a definite subject noun
phrase, a ditransitive verb and a theme noun phrase
modified by an adjective. The DO primes were the same
except that the noun phrase after the verb was a recipient
noun phrase modified by an adjective. The target frag-
ments consisted of an indefinite subject noun and a
ditransitive verb. The subject noun in the prime was
either the same as in the target (3a, b) or different (3c,
d). The verb was always different in the prime and
target. We used an indefinite noun phrase in the target

to indicate that the subject in the prime and target
were not coreferent. In addition to the conditions in (3-
4), we had four subject noun counterbalancing conditions
where the nouns (e.g. “farmer” and “seller”) were
swapped in both the primes and targets.

3a. The farmer gave the new potatoes . . . (PO prime,
noun repeated)

3b. The farmer gave the potential buyer . . . (DO prime,
noun repeated)

3c. The seller gave the new potatoes . . . (PO prime, noun
not repeated)

3d. The seller gave the potential buyer . . . (DO prime,
noun not repeated)

4. A farmer showed . . . (target)

The experiment also included 115 filler sentence frag-
ments of a variety of structures that did not specifically
encourage a PO or a DO completion. These fragments
elicited complete clauses (e.g. “The answering machine
was broken because…”), verb phrases (e.g. “The shop-
ping centre…”) or a subject plus verb phrase (e.g.
“After last night’s party…”).

Procedure
Participants provided hand-written completions to sen-
tence fragments in a booklet. They were asked to com-
plete the sentences so that they would be meaningful
and grammatical. The target fragments appeared
immediately underneath the primes so that participants
could see both at the same time. The experiment took
45–75 minutes to complete. Participants gave informed
consent to take part in the experiment.

Design
The experiment contained 40 experimental items in
eight experimental conditions defined by the variables
prime structure (PO vs. DO), subject noun repetition
(repeated vs. not repeated) and subject noun counterba-
lancing (e.g. target noun was “farmer” vs. “seller”). The
design was a 2×2×2 within-participants and within-
items factorial design with complete Latin square coun-
terbalancing of all three variables. The experimental
items and 155 fillers occurred in a random order that
was the same across lists, with at least two fillers
between experimental items. Seven participants were
randomly assigned to each list.

Results

We scored whether participants produced a PO, DO,
or other completion to the prime and target
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fragments. A completion was scored as a PO if the
verb was followed by a theme noun phrase and a
recipient prepositional object (in that order). It was
scored as a DO if the verb was followed by a recipi-
ent indirect object noun phrase and a theme direct
object noun phrase (again in that order). Responses
where participants added a particle (e.g. as in
“showed off”) were considered a PO or DO if they
had the appropriate structure. Completions were
only scored as a PO or DO if they were reversible
into the alternative structure.

First, we excluded target trials on which the prime
completion was not the intended PO or DO structure
(i.e. we excluded other completions, but also cases
where a PO eliciting prime was completed as a DO, or
vice versa). This resulted in 17.2% exclusions. Next, to
examine structural priming, we analysed the proportions
of PO target completions out of all PO or DO com-
pletions of the target. We excluded other
responses from the targets, so the proportion of DOs
equals 1 - p(PO). Table 1 presents the mean proportions
of POs in all experiments in this paper. We carried out
logit mixed effect analyses using the glmer function
from the lme Package in R (version 3.5.1; CRAN project;
The R Core Team, 2018). The fixed variables prime struc-
ture (PO vs. DO prime) and subject noun repetition
(repeated vs. not repeated) were centred. We included
by-participants and by-items random intercepts and
random slopes for all fixed variables (Barr et al., 2013),
by enforcing zero correlations between random effects
in order to avoid overparameterization or false conver-
gence (Matuschek et al., 2017).

There was a main effect of prime structure (β = 0.208,
z = 2.58, p = .010), indicating that participants produced
more PO target completions after PO than DO primes.
There was no main effect of subject noun repetition (β
= 0.080, z = 0.89, p = .376), but critically, there was an
interaction between prime structure and noun rep-
etition: β =−0.200, z =−2.50, p = .013, indicating that
structural priming was stronger when the subject was
repeated. Follow-up analyses showed that priming was
significant when the subject noun was the same in
prime and target (β = 0.387, z = 3.40, p < .001), but not
when it was different (β = 0.030, z = 0.26, p = .800).

For completeness, we also analysed the proportions of
other target completions out of all trials where partici-
pants produced a valid (i.e. PO or DO) prime completion.
The means are shown in Table 1. Most of these other com-
pletions were monotransitive structure completions.
Logit mixed effect modelling, conducted in the same
way as before, showed no effect of prime structure,
verb repetition or interaction between the two variables
(ps > .19).

Discussion

The experiment showed an interaction between subject
noun repetition and prime structure, but no structural
priming in the absence of subject repetition. Both
results contrast with previous findings. The subject
noun repetition effect on priming in the current exper-
iment contrasts with the absence of such an effect in
Carminati et al. (2019). In four of their experiments,
they used a (spoken) sentence completion task, but cri-
tically, participants could not look back at the prime
when they completed the target. Our current results
raise the possibility that when participants could see
the prime and target simultaneously and the subject
noun was repeated, the highly explicit word repetition
may have functioned as a cue that reactivated the
prime structure, resulting in priming in the repeated
noun conditions. We directly tested this possibility in
Experiment 2.

The absence of a structural priming effect in the
absence of noun repetition contrasts with previous
studies that have found evidence for abstract structural
priming with PO/DO ditransitives in English (e.g. Bock,
1986, 1989; Corley & Scheepers, 2002; Pickering & Brani-
gan, 1998). One possible explanation is that because par-
ticipants could see the prime and target simultaneously
in our experiment, they may have realised that the first
content word in the sentence was often repeated, and
they may have started checking for this word repetition.
In trials where the first word was repeated, this strategy
would have highlighted the noun repetition (resulting in
priming), but in trials where it was not repeated, the
additional processes involved in checking for word rep-
etition may have interfered with the structural priming,
resulting in no abstract structural priming. This predicts
that we should find evidence for abstract structural
priming when participants cannot look back at the
prime to check for word repetition, a prediction that
we also tested in Experiment 2.

Experiment 2

The results from Experiment 1 contrast with those from
Carminati et al.’s (2019) study, in which participants
could not look back to the prime and no interaction
between noun repetition and prime structure was
detected. One possibility is that the interaction in Exper-
iment 1 was due to the fact that participants could look
back at the prime. However, Scheepers et al. (2017)
found a noun boost effect with a method in which par-
ticipants could not look back (using the random word
array target task). In order to establish whether the
lexical boost in Experiment 1 was indeed due to
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looking back or some other, unknown reason, we con-
ducted Experiment 2, in which the prime disappeared
after participants completed it, so they could no
longer see it when they produced the target. In addition,
this also allowed us to test whether the absence of
abstract structural priming in Experiment 1 was due to
the method.

Method

Participants
Forty-eight participants from the same population as in
Experiment 1 took part.

Materials
We used the same experimental item sets as in Exper-
iment 1, but added 8 further sets in order to increase
the statistical power to observe a lexical boost. We also
added 23 filler fragments.

Procedure
We used the Gorilla experimental software (Anwyl-Irvine
et al., 2020) to present the sentence fragments on a com-
puter screen. Participants wrote completions using a
keyboard. Each sentence disappeared after it had been
completed so that participants could not see the prime
and target at the same time. As in Experiment 1, partici-
pants were asked to complete the sentences so that they
would be grammatical and meaningful. The experiment
lasted between 45 and 75 minutes.

Design
The design was the same as in Experiment 1, except that
wehad 48 experimental items and six participants per list.

Results

The scoring was conducted in the same way as in
Experiment 1. In 14.7% of trials, participants did not
complete the prime with the intended PO or DO struc-
ture; responses to the subsequent targets were
excluded from the analyses. We conducted logit
mixed effect modelling in the same way as in Exper-
iment 1. The mean proportions of PO target com-
pletions out of all PO and DO completions are
presented in Table 1. We observed a main effect of
prime structure (β = 0.356, z = 4.47, p < .001), indicating
that participants produced more PO target com-
pletions after PO than DO primes. There was no main
effect of subject noun repetition structure (β = 0.075,
z = 0.97, p = .331), and critically, no interaction
between prime structure and subject noun repetition
(β = −0.011, z = −0.139, p = .890), indicating that there
was no subject noun boost. Follow-up analyses
showed that there was a prime structure effect both
when the subject noun was repeated (β = 0.325, z =
3.01, p = .003) and when it was not repeated (β =
0.360, z = 3.07, p = .002).1

As in Experiment 1, we also analysed the proportions
of other completions out of all targets where participants
produced a PO or DO prime completion, using the same
analysis method as before. The means are shown in
Table 1. There was a main effect of subject noun rep-
etition (β =−0.120, z =−2.20, p = .028), showing that
participants produced more other responses when the
subject noun was different in prime and target than
when it was the same. There was no effect of prime
structure nor an interaction between prime structure
and verb repetition on the proportions of other target
completions (ps > .700).

Table 1. Mean proportions of target completions by Experiment and condition.
Mean proportions of PO target completions out of all PO and

DO completions
Mean proportions of other target

completions

PO prime DO prime Priming effect PO prime DO prime

Experiment 1 (prime visible)
Subject noun repeated 59.9 (3.1) 45.7 (3.1) 14.2 43.4 (2.4) 45.9 (2.3)
Subject noun not repeated 54.8 (3.3) 53.1 (3.1) 1.7 48.2 (2.4) 48.1 (2.3)

Experiment 2 (prime not visible)
Subject noun repeated 61.6 (2.8) 51.0 (2.9) 10.6 38.6 (2.2) 41.2 (2.2)
Subject noun not repeated 64.3 (2.9) 56.5 (3.0) 7.8 44.1 (2.3) 44.6 (2.2)

Experiment 3 (prime visible)
Verb repeated 77.4 (2.5) 51.3 (3.0) 26.1 34.0 (2.3) 34.7 (2.3)
Verb not repeated 67.1 (3.2) 55.1 (3.3) 12.0 48.6 (2.4) 45.2 (2.4)

Experiment 4 (prime not visible)
Verb repeated 76.0 (2.5) 51.6 (2.8) 24.4 38.8 (2.2) 34.7 (2.2)
Verb not repeated 68.9 (2.9) 61.4 (3.0) 7.5 45.3 (2.3) 47.4 (2.2)

Notes. Standard errors of the means in parentheses. Conditions where neither the subject nor the verb was repeated were identical between experiments. The
means were calculated including only trials where participants produced either a PO or DO structure in the prime.
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Discussion

The results from Experiment 2 differ from Experiment
1. In contrast to Experiment 1, we observed an abstract
structural priming effect but no interaction between
prime structure and subject noun repetition. This
suggests that the interaction we obtained in Experiment
1 was task-specific. We assume that when the prime is
not visible during target completion, subject noun rep-
etition is a much less explicit cue for the structure in
the prime sentence, and therefore, it does not affect
priming. In addition, because the prime does not
remain visible, unlike in Experiment 1 there are no
checking-back processes that might interfere with the
priming effect when the subject is not repeated. This
explains why, in contrast to Experiment 1, Experiment
2 did show abstract structural priming.

Experiment 3

Experiments 1 and 2 showed that the effect of subject
noun repetition is strongly dependent on the task, but
the question remains whether the head boost effect is
more stable across tasks. Therefore, in Experiments 3
and 4 we investigated whether verb repetition would
yield a boost using the same methods as in Experiments
1 and 2. In Experiment 3, we manipulated the verb rep-
etition between prime and target, using the method in
which the prime remained visible when participants
completed the target.

Method

Participants
Forty participants from the same populations as in the
previous experiments took part.

Materials
The materials were the same as in Experiment 1, except
that we manipulated the repetition of the verb instead
of the subject noun and instead of counterbalancing
the target subject noun, we counterbalanced the
target verb (e.g. “showed” and “gave”).

Procedure
The task was the same as in Experiment 1. Participants
wrote completions to sentence fragments in a booklet.

Design
The design was the same as in Experiment 1, except that
we had five participants per list.

Results

As before, we excluded all target trials on which the
prime was not completed with the intended PO or DO
structure, resulting in 12.2% exclusions. Table 1 shows
the mean proportions of POs out of all PO or DO
target completions. The data were analysed in the
same way as in the previous experiments. There was a
main effect of prime structure (β = 0.526, z = 6.25, p
< .001), indicating that participants produced more PO
target completions after PO than DO primes. There
was no main effect of verb repetition (β =−0.067, z =
−0.79, p = .427), but critically, there was an interaction
between prime structure and verb repetition: β =
−0.225, z =−2.85, p = .004, indicating a verb boost
effect. Follow-up analyses showed that priming was sig-
nificant when the verb was the same in prime and target
(β = 0.712, z = 6.48, p < .001; no random slope due to lack
of convergence), but also when it was different (β =
0.326, z = 2.73, p = .006).

We also analysed the proportions of other target com-
pletions, using the same analysis method as before.
Table 1 shows the means. There was a main effect of
verb repetition (β =−0.323, z =−4.86, p < .001),
showing that participants produced more other com-
pletions when the verb was not repeated than when it
was. There was no effect of prime structure nor an inter-
action between prime structure and verb repetition on
the proportions of other completions (ps > .300).

Discussion

Experiment 3 showed a lexical boost with verb repetition
and also an abstract priming effect in the absence of
verb repetition. Both findings are consistent with pre-
vious studies (e.g. Branigan et al., 2000; Corley & Schee-
pers, 2002; Hartsuiker et al., 2008; Pickering & Branigan,
1998; Schoonbaert et al., 2007). However, the abstract
priming effect contrasts with the absence of this effect
in Experiment 1, in which the same method and
materials were used in the no-word repetition con-
ditions. This suggests that the difference between
these two experiments comes from different strategies
adopted by the participants. Because the subject noun
is the first content word in the sentence, participants
may be more aware of the repetition of it and may
have started checking whether the subject noun was
repeated before completing the target in Experiment
1. This may have caused interference with abstract
priming. Repetition of the verb, which comes later in
the sentence, may not have led to such a strategy in
Experiment 3.
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Experiment 4

Experiment 4 tested whether the effect of verb rep-
etition on structural priming is similarly sensitive to the
method as the subject noun repetition effect, or
whether, as we hypothesised in the introduction, it is
stable across methodologies. Experiment 4 was the
same as Experiment 2, except that we now manipulated
the repetition of the verb rather than the subject noun.
Participants could not see the prime when they com-
pleted the target.

Method

Participants
Forty-eight participants from the same population as
before took part.

Materials
The materials were the same as in Experiment 2, except
that we manipulated the repetition of the verb.

Procedure
The procedure was the same as in Experiment 2. Partici-
pants typed completions on a computer screen and they
could not see the prime when they completed the
target.

Design
The design was the same as in Experiment 2, except that
we had six participants per list.

Results

Across conditions, we excluded 15.1% of data because
participants did not complete the prime with the
intended PO or DO structure. See Table 1 for the mean
proportions of POs out of all PO and DO target com-
pletions. The analyses showed a main effect of prime
structure (β = 0.495, z = 5.35, p < .001), indicating that
participants produced more PO target completions
after PO than DO primes. There was no main effect of
verb repetition (β = 0.028, z = 0.36, p = .720), but there
was an interaction between prime structure and verb
repetition: β =−0.296, z =−3.81, p < .001. Follow-up
analyses revealed that priming was significant when
the verb was the same in prime and target (β = 0.728,
z = 6.58, p < .001), but the 7.5% difference between the
prime conditions was not significant when the verb
was different (β = 0.170, z = 1.42, p = .157).

As in Experiment 3, analysis of the proportions of
other target completions (Table 1) showed a main
effect of verb repetition (β =−0.247, z =−3.93, p

< .001). There was no main effect of prime structure
nor interaction between prime structure and verb rep-
etition (ps > .095).

Discussion

Experiment 4 showed that structural priming was stron-
ger when the verb was repeated than when it was not,
even though participants could not see the prime
when they completed the target. This interaction effect
(16.9%) was comparable to Experiment 3 (14.1%). Thus,
the head verb boost appears to be unaffected by the
change in task. When the verb was not repeated, the
priming effect was not significant. However, the 7.5%
difference between the prime conditions was very
similar to the 7.8% abstract priming effect in Experiment
2 (using the same method), which was significant.

General discussion

We investigated the effects of different methods on
structural priming with PO/DO structures when either
the verb or the subject noun was repeated. The main
finding was that the effect of subject noun repetition
on structural priming was dependent on the priming
methodology we used, whereas the head verb boost
was not. Structural priming only interacted with
subject noun repetition if participants could see the
prime when they completed the target, whereas an
interaction with head verb repetition occurred regard-
less of whether the prime was present or not during
target completion. This suggests that the effects of
head and non-head repetition are due to different
processes.

Our results suggest that the prime structure is auto-
matically associated with the head verb, regardless of
the participants’ task, but this is not the case with the
subject noun. Instead, the subject noun repetition
effect only occurs if the repetition is highly explicit;
only when participants were allowed to see the prime
when they completed the target, did repetition of the
subject affect structural priming. When participants did
not see the prime and they only had their memory of
the prime sentence (either explicit or implicit memory)
to rely on, the repetition of the subject had no effect
on priming.

The experiments also showed that abstract structural
priming (that is, in the absence of word repetition) can
be affected by experiment-specific strategies. In particu-
lar, Experiments 1 and 3 used the same task andmaterials
in the non-repeated conditions, but Experiment 3
showed abstract priming, whereas Experiment 1 did
not. Presumably, this difference is due to the particular
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words that were repeated in the other conditions in the
experiments. In Experiment 1, the subject noun was
repeated in the other conditions, whereas in Experiment
3, the verb was. Because the subject noun was the first
content word in the sentence, it is plausible that its rep-
etition was more obvious than verb repetition, and that
as a result, participants started checking for subject
noun repetition. This checking for word repetition
between prime and target may have resulted in interfer-
ence to the abstract priming. In fact, the effect of noun
repetition on priming in Experiment 1 may primarily
have been due to the absence of priming in the no-rep-
etition conditions, rather than due to enhanced priming
in the repeated subject conditions. In Experiment 1, the
priming effect in the repeated subject conditions was
14.2%, which was only slightly larger than the priming
in the no repetition conditions in Experiment 3 (12.0%).
This is consistent with our explanation that checking for
word repetition in Experiment 1 resulted in interference
to priming and therefore, no priming occurred when
the subject noun was not repeated. In addition, priming
when the noun was repeated was fairly weak because,
although the subject noun repetition functioned as a
cue for the structure in the prime sentence, checking
for repetition may have caused interference that
reduced the structural priming effect.

Our finding that the noun boost was affected by the
explicitness of the prime sentence, but the verb boost
was not, does not fit well with models that assume
that these effects are due to the same underlying
memory mechanisms. The finding that the noun boost
depended on whether participants could look back at
the prime may be compatible with Chang et al.’s
(2006) account, because the simultaneous visibility of
the prime and target makes the repetition more explicit
and participants do not need to only rely on their explicit
memory to reactivate the prime structure. However,
because the noun and verb boosts should be due to
the same explicit memory mechanisms, it does not
explain why the verb boost occurred regardless of
whether the prime and target were simultaneously
visible. Similarly, Reitter et al.’s (2011) ACT-R model
does not explain why the lexical boost with the
subject noun and the verb is different, because in both
cases, the additional priming with word repetition
should be due to the same mechanism (associative
learning of word-structure combinations). Instead, we
argue that this difference suggests that participants
rely on different memory representations. Structural
priming when the noun is repeated may indeed rely
on the presence of an explicit cue, but the verb boost
does not, suggesting that the latter is due to more auto-
matically engaged memory processes.

The residual activation model (Pickering & Branigan,
1998) does not make specific predictions for how the
simultaneous presence of the prime and target affects
the lexical boost, but it can more easily deal with the dis-
tinction between the subject noun and the verb.
Because the verb is the syntactic head of the PO/DO
structure, this structure is automatically associated
with the verb during the processing of the prime. As a
result, a verb repetition boost should occur and it
should occur regardless of the method. In contrast, the
prime structure is not normally associated with the
subject noun, because it is not its head. As we have pro-
posed above, the effect of subject repetition on priming
may be due to additional processes that participants
adopt when its repetition is highly explicit due to the
simultaneous visibility of the prime and target. When
the subject noun is repeated, these processes result in
reactivation of the prime structure, whereas they inter-
fere with its activation when there is no subject
repetition.

The explanation that we propose for our data is a
dual-process account, which assumes that the head-
verb boost and abstract structural priming are due
to automatic processes (either residual activation or
implicit learning), whereas the subject noun boost is
the result of more strategically engaged processes
that participants use when they can look back at
the prime sentence. It is worth noting though that
our dual-process explanation is different from Chang
et al.’s dual-process account, which postulates a dis-
tinction between abstract structural priming, which
is due to implicit learning of the prime structure,
and the lexical boost, which occurs because a
repeated content word acts as an explicit memory
cue for the prime structure. In contrast to our
account, their account assumes that the subject
noun and head verb boosts rely on the same
memory processes.

Although our current findings do not support Chang
et al.’s dual-process account, one advantage of this
account is that it straightforwardly explains why abstract
structural priming and the verb boost differ in their time-
course, with abstract priming persisting across several
intervening sentences between prime and target,
while the verb boost decays more rapidly (Branigan &
McLean, 2016; Hartsuiker et al., 2008): Chang et al.
argued that the implicit learning of abstract structures
is long lasting, whereas the lexical boost is due to
short-term explicit memory. However, using compu-
tational modelling, Malhotra et al. (2008) showed that
the difference in time course can also be accounted
for in a residual activation model, by assuming that
the syntactic nodes are mutually inhibitory, whereas
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the bindings between syntactic and lexical nodes are
excitatory. Carminati et al. (2019) therefore argued that
the time-course findings do not constitute evidence
against a residual activation model of abstract structural
priming and the head-verb boost.

Our findings may also shed light on the results of
Scheepers et al. (2017). In their experiments, they
observed structural priming when a noun was repeated
between prime and target, but structural priming in the
absence of content word repetition was very small (only
significant when they combined the data from all their
experiments), similar to what we found in Experiment
1. It is possible that because nouns were frequently
repeated in their experiments and all experiments had
trials on which the first noun was repeated, participants
used the repetition as a prompt when constructing a
sentence from the random word array. The use of the
first noun as a prompt may have been similar to that
in our Experiment 1, even though participants could
not simultaneously see the prime and target in their
experiments. As in Experiment 1, checking for word rep-
etition may have led to interference to the priming when
no word was repeated (explaining why there was only a
very small abstract priming effect), whereas the pres-
ence of a word repetition cue may have led to reactiva-
tion of the prime structure (explaining why priming
occurred with noun repetition).

Our findings also have important methodological
implications. The difference in findings between the
two tasks in our experiments suggests that both the
lexical boost and abstract priming can be affected by
the method. When participants can see the prime
while completing the target, this can result in a lexical
boost with non-head repetition that is not otherwise
observed. Several previous experiments have used sen-
tence completion tasks in which participants could see
the prime while they completed the target. Because
these experiments either did not repeat any words
(e.g. Desmet & Declercq, 2006; Kantola & Van Gompel,
2011; Pickering et al., 2002; Scheepers, 2003) or repeated
only the verb (Branigan et al., 1999; Pickering & Branigan,
1998), it is unlikely that the results obtained in these
studies were task-specific. However, given the poten-
tially strategic nature of this task, it may be better
avoided in future studies. More generally, researchers
using the structural priming method need to be aware
of possible task effects. Structural priming research has
been conducted using a wide range of tasks, including
picture description under the guise of a memory task
(e.g. Bock, 1986, 1989) or without a memory task (e.g.
Vernice et al., 2012), target sentence recall (e.g. Potter
& Lombardi, 1998), sentence completion (e.g. Pickering
& Branigan, 1998), production of the target sentence

from words presented in a random order (e.g. Scheepers
et al., 2017) and dialogue with a confederate listener
(e.g. Branigan et al., 2000), but it remains largely
unclear how the different methods might affect struc-
tural priming. Future research will need to establish to
what extent these methods tap into the same structural
representations.

Note

1. Due to an error, the eight items we added to the items
from Experiment 1 had a definite subject noun phrase
in the target. We therefore also conducted an analysis
without these items. This analysis showed the same
effects as the analysis with these items.

Acknowledgement

Wewould like to thank Grant Hamilton and Grene Jagna-An for
assistance with the experiments. The experimental data can be
downloaded via the Open Science Framework at http://
dx.doi.org/10.17605/OSF.IO/2MK4V

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This research was supported by the Economic and Social
Research Council [grant no ES/P001866/1], awarded to Roger
van Gompel and Leila Kantola

ORCID

Roger P.G. van Gompel http://orcid.org/0000-0002-1557-
0693

References

Anwyl-Irvine, A. L., Massonnié, J., Flitton, A., Kirkham, N., &
Evershed, J. K. (2020). Gorilla in our midst: An online behav-
ioral experiment builder. Behavior Research Methods, 52(1),
388–407. https://doi.org/10.3758/s13428-019-01237-x

Barr, D. J., Levy, R., Scheepers, C., & Tily, H. J. (2013). Random
effects structure for confirmatory hypothesis testing: Keep
it maximal. Journal of Memory and Language, 68(3), 255–
278. https://doi.org/10.1016/j.jml.2012.11.001

Bock, J. K. (1986). Syntactic persistence in language production.
Cognitive Psychology, 18(3), 355–387. https://doi.org/10.
1016/0010-0285(86)90004-6

Bock, K. (1989). Closed-class immanence in sentence pro-
duction. Cognition, 31(2), 163–186. https://doi.org/10.1016/
0010-0277(89)90022-X

Branigan, H. P., & McLean, J. F. (2016). What children learn from
adults’ utterances: An ephemeral lexical boost and persist-
ent syntactic priming in adult–child dialogue. Journal of

LANGUAGE, COGNITION AND NEUROSCIENCE 9

http://orcid.org/0000-0002-1557-0693
http://orcid.org/0000-0002-1557-0693
https://doi.org/10.3758/s13428-019-01237-x
https://doi.org/10.1016/j.jml.2012.11.001
https://doi.org/10.1016/0010-0285(86)90004-6
https://doi.org/10.1016/0010-0285(86)90004-6
https://doi.org/10.1016/0010-0277(89)90022-X
https://doi.org/10.1016/0010-0277(89)90022-X


Memory and Language, 91, 141–157. https://doi.org/10.
1016/j.jml.2016.02.002

Branigan, H. P., Pickering, M. J., & Cleland, A. A. (1999). Syntactic
priming in written production: Evidence for rapid decay.
Psychonomic Bulletin & Review, 6(4), 635–640. https://doi.
org/10.3758/BF03212972

Branigan, H. P., Pickering, M. J., & Cleland, A. A. (2000). Syntactic
co-ordination in dialogue. Cognition, 75(2), B13–B25. https://
doi.org/10.1016/S0010-0277(99)00081-5

Carminati, M. N., Van Gompel, R. P. G., & Wakeford, L. J. (2019).
An investigation into the lexical boost with nonhead nouns.
Journal of Memory and Language, 108, 104031. https://doi.
org/10.1016/j.jml.2019.104031

Chang, F., Baumann, M., Pappert, S., & Fitz, H. (2015). Do
lemmas speak German? A verb position effect in German
structural priming. Cognitive Science, 39(5), 1113–1130.
https://doi.org/10.1111/cogs.12184

Chang, F., Dell, G. S., & Bock, K. (2006). Becoming syntactic.
Psychological Review, 113(2), 234–272. https://doi.org/10.
1037/0033-295X.113.2.234

Corley, M., & Scheepers, C. (2002). Syntactic priming in English
sentence production: Categorical and latency evidence from
an internet-based study. Psychonomic Bulletin & Review, 9(1),
126–131. https://doi.org/10.3758/BF03196267

Desmet, T., & Declercq, M. (2006). Cross-linguistic priming of
syntactic hierarchical configuration information. Journal of
Memory and Language, 54(4), 610–632. https://doi.org/10.
1016/j.jml.2005.12.007

Hartsuiker, R. J., Bernolet, S., Schoonbaert, S., Speybroeck, S., &
Vanderelst, D. (2008). Syntactic priming persists while the
lexical boost decays: Evidence from written and spoken dia-
logue. Journal of Memory and Language, 58(2), 214–238.
https://doi.org/10.1016/j.jml.2007.07.003

Kantola, L., & Van Gompel, R. P. G. (2011). Between- and within-
language priming is the same: Evidence for shared bilingual
syntactic representations. Memory & Cognition, 39(2), 276–
290. https://doi.org/10.3758/s13421-010-0016-5

Malhotra, G., Pickering, M., Branigan, B., & Bednar, J. A. (2008).
On the persistence of structural priming: Mechanisms of
decay and influence of word-forms. In B. C. Love, K.
McRae, & V. M. Sloutsky (Eds.), Proceedings of the 30th
annual conference of the cognitive science society (pp. 657–
662). Cognitive Science Society.

Matuschek, H., Kliegl, R., Vasishth, S., Baayen, H., & Bates, D.
(2017). Balancing type I error and power in linear mixed
models. Journal of Memory and Language, 94, 305–315.
https://doi.org/10.1016/j.jml.2017.01.001

Pickering, M. J., & Branigan, H. P. (1998). The representation of
verbs: Evidence from syntactic priming in language pro-
duction. Journal of Memory and Language, 39(4), 633–651.
https://doi.org/10.1006/jmla.1998.2592

Pickering, M. J., Branigan, H. P., & McLean, J. F. (2002).
Constituent structure is formulated in one stage. Journal of
Memory and Language, 46(3), 586–605. https://doi.org/10.
1006/jmla.2001.2824

Pickering, M. J., & Ferreira, V. S. (2008). Structural priming: A
critical review. Psychological Bulletin, 134(3), 427–459.
https://doi.org/10.1037/0033-2909.134.3.427

Potter, M. C., & Lombardi, L. (1998). Syntactic priming in
immediate recall of sentences. Journal of Memory and
Language, 38(3), 265–282. https://doi.org/10.1006/jmla.
1997.2546

R Core Team. (2018). R: A language and environment for statisti-
cal computing. R Foundation for Statistical Computing.
http://www.R-project.org/.

Reitter, D., Keller, F., & Moore, J. D. (2011). A computational
cognitive model of syntactic priming. Cognitive Science, 35
(4), 587–637. https://doi.org/10.1111/j.1551-6709.2010.
01165.x

Scheepers, C. (2003). Syntactic priming of relative clause
attachments: Persistence of structural configuration in sen-
tence production. Cognition, 89(3), 179–205. https://doi.
org/10.1016/S0010-0277(03)00119-7

Scheepers, C., Raffray, C., & Myachykov, A. (2017). The
lexical boost effect is not diagnostic of lexically-specific
syntactic representations. Journal of Memory and Language,
95, 102–115. https://doi.org/10.1016/j.jml.2017.03.001

Schoonbaert, S., Hartsuiker, R. J., & Pickering, M. J. (2007). The
representation of lexical and syntactic information in bilin-
guals: Evidence from syntactic priming. Journal of Memory
and Language, 56(2), 153–171. https://doi.org/10.1016/j.
jml.2006.10.002

Segaert, K., Wheeldon, L., & Hagoort, P. (2016). Unifying struc-
tural priming effects on syntactic choices and timing of sen-
tence generation. Journal of Memory and Language, 91, 59–
80. https://doi.org/10.1016/j.jml.2016.03.011

Van Gompel, R. P. G., Arai, M., & Pearson, J. (2012). The rep-
resentation of mono- and intransitive structures. Journal of
Memory and Language, 66(2), 384–406. https://doi.org/10.
1016/j.jml.2011.11.005

Vernice, M., Pickering, M. J., & Hartsuiker, R. J. (2012). Thematic
emphasis in language production. Language and Cognitive
Processes, 27(5), 631–664. https://doi.org/10.1080/
01690965.2011.572468

10 R. P. G. VAN GOMPEL ET AL.

https://doi.org/10.1016/j.jml.2016.02.002
https://doi.org/10.1016/j.jml.2016.02.002
https://doi.org/10.3758/BF03212972
https://doi.org/10.3758/BF03212972
https://doi.org/10.1016/S0010-0277(99)00081-5
https://doi.org/10.1016/S0010-0277(99)00081-5
https://doi.org/10.1016/j.jml.2019.104031
https://doi.org/10.1016/j.jml.2019.104031
https://doi.org/10.1111/cogs.12184
https://doi.org/10.1037/0033-295X.113.2.234
https://doi.org/10.1037/0033-295X.113.2.234
https://doi.org/10.3758/BF03196267
https://doi.org/10.1016/j.jml.2005.12.007
https://doi.org/10.1016/j.jml.2005.12.007
https://doi.org/10.1016/j.jml.2007.07.003
https://doi.org/10.3758/s13421-010-0016-5
https://doi.org/10.1016/j.jml.2017.01.001
https://doi.org/10.1006/jmla.1998.2592
https://doi.org/10.1006/jmla.2001.2824
https://doi.org/10.1006/jmla.2001.2824
https://doi.org/10.1037/0033-2909.134.3.427
https://doi.org/10.1006/jmla.1997.2546
https://doi.org/10.1006/jmla.1997.2546
http://www.R-project.org/
https://doi.org/10.1111/j.1551-6709.2010.01165.x
https://doi.org/10.1111/j.1551-6709.2010.01165.x
https://doi.org/10.1016/S0010-0277(03)00119-7
https://doi.org/10.1016/S0010-0277(03)00119-7
https://doi.org/10.1016/j.jml.2017.03.001
https://doi.org/10.1016/j.jml.2006.10.002
https://doi.org/10.1016/j.jml.2006.10.002
https://doi.org/10.1016/j.jml.2016.03.011
https://doi.org/10.1016/j.jml.2011.11.005
https://doi.org/10.1016/j.jml.2011.11.005
https://doi.org/10.1080/01690965.2011.572468
https://doi.org/10.1080/01690965.2011.572468

	Abstract
	Introduction
	Experiment 1
	Method
	Participants
	Materials
	Procedure
	Design

	Results
	Discussion

	Experiment 2
	Method
	Participants
	Materials
	Procedure
	Design

	Results
	Discussion

	Experiment 3
	Method
	Participants
	Materials
	Procedure
	Design

	Results
	Discussion

	Experiment 4
	Method
	Participants
	Materials
	Procedure
	Design

	Results
	Discussion

	General discussion
	Note
	Acknowledgement
	Disclosure statement
	ORCID
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice




