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Constituent Structure Is Formulated in One Stage

Martin J. Pickering, Holly P. Branigan, and Janet F. McLean

University of Edinburgh, Edinburgh, United Kingdom

In four syntactic priming experiments, participants completed target fragments as “prepositional object” sen-
tences (e.g., “The patient showed his leg to the doctor”) or “double object” sentences (e.g., “The patient showed
the doctor his leg”) or used another non-ditransitive form. The syntactic form of a prime sentence affected the
form of participants’ target completions. Experiments 1 to 3 used written sentence completion. Experiment 1
demonstrated that priming is a two-way process by comparing “prepositional object” and “double object” prim-
ing conditions with a baseline condition containing an intransitive verb. Experiments 2 and 3 found that “shifted”
primes (e.g., “The racing driver showed to the helpful mechanic the problem with the car”) did not prime the pro-
duction of “prepositional object” sentences but instead behaved like baseline primes. Experiment 4 found similar
results to those of Experiment 3 in spoken sentence production, where participants repeated the prime and then
completed it. We interpret the results in terms of accounts that assume that constituent structure is formulated in
one stage. © 2002 Elsevier Science (USA)
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The Construction of Constituent Structure

ss-
l is
-

th
ns
fi-
y.
d-
)
els
si-
e

at
e
n
-
he
t it
yn-
e-a
formation when they produce utterances? A
cording to most current models, language p
duction involves three stages:conceptualization
or when the prelinguistic message is genera
formulationor when the message is encoded
linguistic form, and articulationor when this
form is turned into sound or marks on a pa
Formulation encompasses both grammatical 
coding, whereby the syntactic content of app
priate lexical elements is retrieved and used
generate syntactic structure, and morphopho
logical encoding, whereby the morphophonolo
ical content is assembled (Bock & Levelt, 199
Levelt, 1989; Levelt, Roelofs, & Meyer, 1999). I
this article, we are concerned with the nature
grammatical encoding. It is uncontroversial th
grammatical encoding results in the construct
of a constituent structure representation. Our c
cern is with the stages that the processor g
through in reaching this representation.

The order of the first two authors is arbitrary. We a
knowledge the assistance of Stuart Boutell, Robert H
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Most models agree that each level of proce
ing is independent in the sense that each leve
concerned with its own characteristic informa
tion and its own representations for dealing wi
that information. For example, representatio
of grammatical encoding do not include speci
cations of conceptual structure or phonolog
Such independence holds in both strictly fee
forward models of production (Levelt, 1989
and models that allow feedback between lev
(Dell, 1986). This means that it should be pos
ble, in principle, to determine the nature of th
representations at each level.

As in many current models, we assume th
the first stage of grammatical encoding is th
construction of a functional representatio
(Bock & Levelt, 1994; Garrett, 1980). The pre
cise nature of this representation is beyond t
scope of this article. However, we assume tha
contains noun and verb lemmas, that is, the s
tactic information such as grammatical cat
gory, number, and gender that is associated w
an individual lexical concept (Kempen &
Hoenkamp, 1987). Following Bock and Leve
(1994), we assume that each noun lemma in 
functional representation is tagged for one 
the grammatical functions specified by the ve
lemma (e.g., subject–nominative, object accus
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tive) and that the functional representation d
not specifically encode information about hie
archical relationships between nouns and ve
The representation is also partial in that it
concerned simply with functions (verbs) a
their arguments (nouns); for example, it do
not contain specifications for adjectives or d
terminers. It serves as input to the processes
ultimately result in the construction of a ful
specified constituent structure that relates al
the lexical elements in the sentence.

Strong evidence that a constituent struct
representation is constructed comes from s
tactic priming. Under the guise of a memo
test, Bock (1986) had speakers alternate 
tween repeating prime sentences and descri
semantically unrelated target pictures. She m
nipulated the syntactic forms of the senten
that speakers repeated. For example, the pr
sentence might use the prepositional obj
(PO) form of an alternating dative verb in o
condition (e.g., “A rock star sold some cocai
to an undercover agent”) and the double object
(DO) form in the other condition (e.g., “A roc
star sold an undercover agent some cocain
The target pictures could be described using
ther form. Participants tended to produce a 
target picture description after a PO prime
DO target picture description after a DO prim
and so on. Bock also found similar effects 
active/passive sentences.

It is less clear whether these effects are b
ancedsuch that both alternative structures c
be primed. For example, presentation of a 
prime would lead to an increased tendency
produce a PO target, and presentation of a 
prime would lead to an increased tendency
produce a DO target. If priming is balance
then both PO and DO primes would produce 
get responses that differ from a neutral base
prime. Alternatively, priming could be biase
such that one construction could be primed 
the other could not. In that case, a base
prime would have a similar effect to either t
PO prime (if POs are not primed) or the D
prime (if DOs are not primed). Perhaps the m
likely possibility is that a marked constructio
could be primed by another instance of that c

struction but an unmarked one could not. A
T STRUCTURE 587
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suming that the DO construction is marke
(e.g., because many verbs do not admit this c
struction), we might expect priming for the DO
construction but not for the PO constructio
Some evidence suggests that priming is b
anced (Bock & Griffin, 2000, Experiment 2)
but other effects have not been reliable (Boc
1986) or have involved baseline primes pr
sented at the beginning of the experimental s
sion (Hartsuiker & Kolk, 1998).

Other experimental work helps to rule out a
ternative loci for these priming effects. Boc
and Loebell (1990) showed that PO sentenc
containing prepositional phrases that specify 
cations (e.g., “The wealthy widow drove he
Mercedes to the church”) primed PO descri
tions when the prepositional phrase did n
specify a location (e.g., “A rock star sold som
cocaine to an undercover agent”). These fin
ings suggest that Bock’s (1986) priming effec
could not be due to priming at an earlier stage
production concerned with the encoding of th
matic (or event structural) relations. Furthe
more, Bock and Loebell (1990) found no prim
ing between “Susan brought a book to stud
and “The girl gave a brush to the man,” desp
their metrical similarities. This suggests that th
effects are not due to priming at a metrical lev
In addition, these priming effects cannot be d
to lexical repetition (Bock, 1989; Pickering &
Branigan, 1998) or discourse factors given th
all of these experiments involve isolated se
tences. Another alternative explanation is th
syntactic priming is actually sensitive to func
tional level representations. For example, an a
tive sentence contains a subject and an obj
whereas a full passive sentence contains a s
ject and a phrase with an oblique grammatic
function (the by-phrase). However, Hartsuik
and Westenberg (2000) and Hartsuiker, Ko
and Huiskamp (1999) found priming of wor
order when no functional-level explanation wa
possible. Hence, we can conclude that primi
of constituent structure representations occur

On one account, the processor constru
these representations from the functional-lev
input in a single stage. We call this a single-
stage accountof the formulation of constituent

s-structure. Alternatively, the processor might
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construct the final constituent structure rep
sentation via one or more intermediate repres
tations. We call accounts of this type multiple-
stage accounts. Multiple-stage accounts h
that fully specified constituent structure rep
sentations are the ultimate output of syntac
processing but that intermediate levels of rep
sentation are computed as well.

There is good evidence against one multip
stage account, which we call the deep-structure
account. This account draws on the assumpti
of transformational grammar, namely that se
tences involve (at least) two fully specified le
els of constituent representation: a surface st
ture, and a deep (or underlying) structu
(Chomsky, 1965, 1981). It assumes that la
guage production involves the construction 
syntactic structure in (at least) two stages. T
functional representation is first mapped onto
underlying structure representation, which is
turn mapped onto a surface structure represe
tion. However, Bock, Loebell, and More
(1992) found that speakers processed (
hence represented) in a related manner the 
ject of an active sentence and the subject o
passive sentence. They claimed that the a
ment associated with the subject function o
passive sentence is directly assigned to the c
stituent structure position reserved for subjec
Their main criticism is of the assumption th
functional relations are defined at two levels
representation, as assumed within some theo
of linguistics, for example, relational gramm
(Pearlmutter, 1983). In other words, they argu
that production does not involve relation-chan
ing operations during functional processi
such that, for example, underlying objects b
come surface subjects. However, their resu
are similarly incompatible with a model i
which a fully specified representation of unde
lying structure is mapped onto a representat
of surface structure.

Further evidence against the deep-struct
account comes from Bock and Loebell (1990
who found that sentences containing a locat
by-phrase such as “The foreigner was loiteri
by the broken traffic light” primed passive de
scriptions involving an agentive by-phrase ju
as much as another agentive sentence did (bu
Potter & Lombardi, 1998). Apart from ruling ou
e-
en-
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thematic accounts of priming, these results a
also difficult to reconcile with transformationa
approaches to syntax, which assume a very d
ferent representation for passive sentences
volving transformed structures and traces) th
for locative sentences (Chomsky, 1981). In oth
words, there is good evidence against a mu
ple-stage account involving two fully specifie
constituent structure representations.

However, there are strong theoretical and e
perimental reasons to advocate an alterna
multiple-stage account, which we call the domi-
nance-only account. On this account, co
stituent structure is computed in two stages. T
first specifies the hierarchical aspects of co
stituent structure but does not specify line
order. For “gave the hay to the horses,” the fi
stage would compute a representation cons
ing of a verb phrase node that dominates a v
node, a noun phrase node, and a prepositio
phrase node but would not specify that the ve
node preceded the noun phrase node or that
noun phrase node preceded the prepositio
phrase node. Note that this representation is 
a local tree because the precedence relations
tween the daughter nodes are not specified (P
tee, ter Meulen, & Wall, 1990).

Following linguistic terminology, we say tha
this intervening representation constitutes 
dominance-only level of representation. In oth
words, it contains “dominance” information
about which phrases dominate others (e.g.
verb phrase node dominates verb, noun phra
and prepositional phrase nodes) but not “pre
dence” information about the order of phras
(e.g., between the verb, noun phrase, and pre
sitional phrase nodes). This distinction is pr
posed within various linguistic theories, mo
notably modern theories of phrase structu
grammar (Gazdar, Klein, Pullum, & Sag, 198
Pollard & Sag, 1994). It allows, for example
parsimonious generalizations about word ord
Many languages require particular constituen
to occur at a specific point in a phrase (e.
verbs come clause-finally in Japanese and Tu
ish), and an autonomous precedence compon
allows such a generalization to be made in a s
gle statement.

Under the dominance-only account, th
processor then converts this representation i
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a second representation, which is specified
order. This second process has been called
earization(Hartsuiker et al., 1999; Hartsuiker 
Westenberg, 2000; Vigliocco & Nicol, 1998). 
is compatible with computational models pr
posed by Kempen and Hoenkamp (1987) 
De Smedt (1990). To understand the differe
between the single-stage and dominance-o
accounts, let us consider the choices to be m
in the production of dative sentences. In fact,
ternating dative verbs are compatible with th
constructions, namely PO, DO, and a shif
construction illustrated in (1):

(1a) The racing driver showed the extremely dirty and
badly torn overall to the mechanic. (PO)

(1b) The racing driver showed the mechanic the ex
tremely dirty and badly torn overall. (DO)

(1c) The racing driver showed to the mechanic the ex
tremely dirty and badly torn overall. (shifted)

In a shiftedconstruction like (1c), the prepo
sitional phrase precedes the noun phrase
English, such sentences occur consistently
corpora and are acceptable but relatively r
Wasow (1997) estimated their occurrence in 
Brown corpus at 5.6% of eligible sentences. T
occurrence of shifted constructions appears
be closely linked to the length and new inform
tion content of the direct object noun phra
(hence the alternative name for the construct
“heavy NP shift”). Indeed, when the nou
phrase is longer than the prepositional phr
and conveys new information, shifted constr
tions may actually be produced more frequen
than PO constructions (Arnold, Waso
Losongco, & Ginstrom, 2000). Shifted co
structions have been the subject of both ling
tic and psycholinguistic investigation (e.g
Arnold et al., 2000; Hawkins, 1994; Stalling
MacDonald, & O’Seaghdha, 1998).

According to standard analyses, all three s
tences have different (fully specified) co
stituent structures. In (1a), the verb phrase c
prises a verb followed by a noun phra
followed by a prepositional phrase (V NP PP);
in (1b), it comprises a verb followed by tw
noun phrases (V NP NP); and in (1c), it co
prises a verb followed by a prepositional phr
followed by a noun phrase (V PP NP). But (1a)
and (1c) share dominance relations; both 
volve a verb phrase dominating a verb, a n
for
lin-
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phrase, and a prepositional phrase. In contr
(1b) involves a verb phrase dominating a ve
and two noun phrases.

Figure 1a illustrates the single-stage accou
where a simple choice among the three str
tures is made. Figure 1b illustrates the dom
nance-only account, where the first stage 
volves selecting between a dominance-on
representation consistent with the DO analy
and a dominance-only representation consist
with the PO and shifted analyses and where 
second (linearization) stage involves selecti
between the PO and shifted analyses if the 
propriate choice is made at the first stage.

We suggest that the dominance-only and s
gle-stage accounts can be distinguished us
syntactic priming. Priming effects appear t
provide evidence for levels of representation
language production (Branigan, Pickering,
Cleland, 2000a; Branigan, Pickering, Liv
ersedge, Stewart, & Urbach, 1995; Pickering
Branigan, 1999). For one stimulus to prime a
other, the stimuli must have related represen
tions at some level of structure to which th
cognitive system is sensitive. There is eviden
that priming is sensitive to representations us
at both early and late stages in formulatio
Bock et al. (1992) found that after producing
sentence with an animate subject, participa
were more likely to produce another senten
with an animate subject. For example, a pass
sentence with an animate subject was primed
an active sentence with an animate subject
compared to an active sentence with an anim
object. These results provide evidence for prim
ing of the mapping of conceptually specified e
ements to grammatical functions at a stage
formulation that precedes constituent structu
generation.

Priming effects during single-word produc
tion have also provided substantial eviden
about the representations that are implicated
phonological encoding, following syntactic en
coding. For example, Roelofs and Meye
(1998) demonstrated priming effects based
number of syllables and stress pattern, and S
vald, Dell, and Cole (1995) demonstrated prim
ing of the structure (as opposed to the phon
logical content) of syllables (see also Costa
Sebastian-Galles, 1998). These experime
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count. (b) Dominance-only account. PO, prepositional object; DO, double object; VP, verb phrase; V, verb; NP,
noun phrase; PP, prepositional phrase.
suggest the existence of a level of represen
tion concerned with syllable structure (Seva
et al., 1995). Other evidence from priming ha
provided support for the existence of represe
tations concerned with morphological structu
(Roelofs, 1996) and perhaps grammatical ge
der (Jescheniak & Levelt, 1994; but cf. Va
Berkum, 1997).

Thus, we propose that any level involved
constituent structure encoding should be sen
tive to priming. More specifically, priming
should occur whenever an earlier level of repr

sentation can be mapped onto more than o
ta-
ld
s
n-
e
n-
n

n
si-

e-

later level of representation. This means tha
should be possible to prime the construction
constituent structure in the single-stage a
count. In the dominance-only account, it shou
be possible to prime both the construction
the dominance-only representation and the c
struction of the linearized representation.

Hartsuiker et al. (1999) and Hartsuiker a
Westenberg (2000) found syntactic priming 
word order (in Dutch). In Hartsuiker et a
(1999), participants tended to perseverate in
production of “locative-inverted” sentence
0 PICKERING, BRANIGAN, AND MCLEAN

FIG. 1. Single-stage and dominance-only accounts of constituent structure formulation. (a) Single-sta
nesuch as “Op de tafel ligt een bal” (“On the table
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is a ball”) or their uninverted counterparts. 
Hartsuiker and Westenberg (2000), participa
tended to perseverate in the production of s
tences ending with a main verb followed by 
auxiliary or sentences ending with an auxilia
followed by a main verb. Hartsuiker and We
enberg argued that the alternatives have 
same hierarchy of constituents and functio
relations and, in particular, that their findin
cannot be explained in terms of conceptual 
ferences in topic–comment order. They argu
that these word order priming effects imply th
the syntactic procedures associated with plac
words in their appropriate positions are prim
More specifically, they claimed that their resu
demonstrate priming from a dominance-on
representation to an ordered representation 
during linearization).

An alternative explanation of these findings
that the fully specified constituent structure re
resentation is primed. Hartsuiker and West
berg (2000) argued that such an explanatio
incompatible with priming effects obtained f
active/passive transitives (e.g., Bock, 1986). A
tives and passives differ at the functional le
so that if, for example, the conceptual repres
tation is of lightning striking a church, and if th
subject role is assigned to lightningand the ob-
ject role is assigned to church, then the o
possible sentence type is an active one suc
“Lightning is striking the church.” In such case
constituent structure is predetermined by fu
tional relations. Thus, such priming effects a
pear to be due to the priming of functional re
tions rather than to constituent structu
However, although their argument might e
clude a constituent structure priming acco
for actives and passives, it does not demonst
that constituent structure priming never occu
Hence, the findings of Hartsuiker et al. (199
and Hartsuiker and Westenberg (2000) are c
sistent with both a multistage account, as t
argued, and a single-stage account. One wa
distinguishing between these accounts would
to determine whether two forms prime ea
other when they share hierarchical relations 
differ in word order.

In other work, Hartsuiker and Kolk (1998

presented results that are compatible with bo
 STRUCTURE 591
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the single-stage and dominance-only accoun
They employed PO, DO, and shifted prime
(“medial datives,” in their terminology) and 
baseline condition that should not prime a
form of the test sentence. The baseline condit
used intransitive primes and constituted the fi
trials in the experiment. Shifted construction
are more common in Dutch than in English, a
so participants produced reasonable number
PO, DO, and shifted target responses.

According to the single-stage account, shift
target responses should be increased by a sh
prime relative to a PO, DO, or baseline prim
but should not be increased by a PO prime re
tive to the baseline prime; and PO target 
sponses should be increased by a PO prime r
tive to a shifted, DO, or baseline prime b
should not be increased by a shifted prime re
tive to the baseline prime. According to th
dominance-only account, shifted target r
sponses should be increased by a shifted pr
relative to a PO, DO, or baseline prime (due 
linearization priming); and PO target respons
should be increased by a PO prime relative t
shifted, DO, or baseline prime. However, the e
fects of a PO prime on shifted target respon
and of a shifted prime on PO target respon
cannot be predicted without knowledge of th
strength of priming at the dominance-only an
linearization levels. Under some assumptions
PO prime will increase the proportion of shifte
target responses and vice versa. But if a 
prime has a weak effect at the dominance-o
level but a very strong effect at the linearizatio
level, then the proportion of shifted target r
sponses will actually be reduced relative to t
baseline.1 Thus, both accounts predict primin
effects due to repeating the same constructi

1 To make this more concrete, assume “baseline” weig
ings of .5 for PO/shifted and .5 for DO at the dominanc
only level and .8 for PO and .2 for shifted at the linearizati
level. This translates into .4 PO responses, .5 DO respon
and .1 shifted responses. If a shifted prime increases
PO/shifted weighting to .6 at the dominance-only level a
the shifted weighting to .4 at the linearization level, then t
proportions become .36 PO responses, .40 DO respon
and .24 shifted responses. Thus, the shifted prime has
creased the proportion of PO responses. It should be c
that different assignments of weightings lead to differe

thpatterns of responses.
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The single-stage account predicts no priming
shifted responses by PO primes or vice ve
The dominance-only account is compatible w
positive or negative priming or no priming.

In two experiments, Hartsuiker and Ko
(1998) found increased shifted target respon
following a shifted prime and increased PO t
get responses following a PO prime (in acc
with both accounts). In one experiment, th
found a numerical increase in shifted respon
following a PO prime versus a baseline prim
but in the other experiment they did not. In tw
experiments, they found a numerical increas
PO responses following a shifted prime ver
a baseline prime. If these numerical increa
are significant (no statistics were conducted
these comparisons), then this provides so
support for the dominance-only account. Ho
ever, Hartsuiker and Kolk’s baseline primes 
were produced at the beginning of the exp
ment, and the combined proportions of P
DO, and shifted target responses after PO, D
and shifted primes were considerably high
than after baseline primes (15% in Experim
1 and 9% in Experiment 2). Thus, participa
may have been primed through the course
the experiment to produce one of the three 
get response categories (rather than other
sponses), or they may have been primed 
stage in production in which PO, DO, an
shifted responses do not differ relative to 
transitive primes to produce one of these ca
gories of response.

In summary, two multiple-stage accounts
constituent structure generation have been 
posed. The deep-structure account, which
compatible with proposals in transformation
grammar, is difficult to reconcile with the syn
tactic priming findings of Bock et al. (1992
and Bock and Loebell (1990). The dominan
only account is also compatible with propos
in theoretical linguistics, although its inspir
tion comes from nontransformational accou
such as generalized phrase structure gram
Some experimental and computational 
search is compatible with this proposal,
though Hartsuiker and Kolk’s (1998) finding
can also be interpreted in terms of the sing

stage account.
AN, AND MCLEAN
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Rationale for Experiments

At this point, it appears hard to use syntac
priming to distinguish the dominance-only an
single-stage accounts. But it might be possi
to do so by considering constructions that 
very rarely used as target responses. This m
be the case with the shifted construction in En
lish. Stallings et al. (1998) found that partic
pants produced shifted sentences in a prod
tion task in which they were told which phras
to use but could choose the order themselv
However, their task used particularly long no
phrases that are known to induce shifted ord
fairly often (Hawkins, 1994). In tasks that in
volve freer production, shifted forms may be e
tremely rare in comparison to PO and D
forms.

Our experiments used free production for ta
get responses. Participants simply had to co
plete sentences after being presented with a s
ject and verb (e.g., “The racing driver showe
. . .”). Previous studies using the same meth
have not led to the production of shifted form
(Branigan, Pickering, & Cleland, 1999; Bran
gan, Pickering, Stewart, & McLean, 2000b; Pic
ering & Branigan, 1998). However, we con
strained production of prime sentences so t
shifted sentences would regularly be produc
It is possible that including a shifted prime wi
induce some shifted target responses via syn
tic priming, but probably fairly infrequently (se
Experiments 2-4); note in particular that partic
pants undertaking the sentence completion t
usually produce short completions.

If people produce shifted constructions 
prime responses but the probability of produc
shifted target responses is close to zero, then
predictions of the dominance-only and sing
stage accounts become clearly distinct. In 
single-stage account, there is simply a bin
choice between PO and DO target response, w
a PO prime increasing the proportion of PO t
get responses and a DO prime increasing 
proportion of DO target responses. The sing
stage account predicts that shifted primes sho
have no effects on the production of PO target
sponses relative to a baseline. In contrast,

dominance-only account predicts that both PO
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and shifted primes should increase the likeliho
that the PO/shifted representation is activate
the dominance-only level to a similar extent. B
cause shifted responses are hardly produced
such activation should proceed to the PO re
sentation at the linearized level.2 Therefore, both
PO primes and shifted primes should prime 
production of PO responses to a similar exten

Thus, evidence from syntactic priming expe
iments may allow us to distinguish the sing
stage and dominance-only accounts. If the d
inance-only account is correct, then the 
prime (1a) and the shifted prime (1c) have 
same representation at the dominance-o
level. Thus, according to the dominance-o
account, (1a) and (1c) both should prime 
production of PO sentences, whereas (
should prime the production of DO sentenc
This prediction holds whether priming is bias
or balanced.

In contrast, the single-stage account impl
that shifted sentences and PO sentences do
share a common representation. Hence, un
the single-stage account, (1c) should not pr
PO target responses (or, of course, DO targe
sponses). If priming is balanced, then the shif
prime (1c) should behave differently from t
PO prime (1a) and the DO prime (1b) a
should behave more similarly to a basel
prime than either of these. Thus, if there are
other (nonsyntactic) priming effects on the
constructions, then the shifted prime should
indistinguishable from a baseline prime.

Note, however, that if priming is biased, th
no difference is necessarily predicted betw
the shifted prime and the PO prime. If only t
DO prime had any effect on target productio
then the shifted prime should behave like the
prime, just as in the dominance-only accou
Thus, a prerequisite for using priming to dist
guish the single-stage and dominance-only 
counts is that the PO construction can 
primed, as predicted by the balanced accoun

Hence, our first purpose was to determ
whether priming is balanced. Experiment 
therefore, uses PO, DO, and (intransitive) ba

2 Formally, the weightings at the linearization level a

close to 1 for PO and 0 for shifted.
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line primes to investigate whether priming o
curs for both PO and DO structures and emplo
written sentence completion (Branigan et a
1999; Pickering & Branigan, 1998). On th
basis of Experiment 1, which shows balanc
priming effects, Experiments 2 to 4 include 
shifted prime condition, which allows us to con
trast the single-stage and dominance-only 
counts. Experiment 2 directly contrasts PO, D
and shifted primes in written production. Expe
iment 3 adds a baseline condition to allow a 
rect comparison between shifted and basel
primes. Experiment 4 is similar to Experiment
except that responses are spoken rather t
written and that participants repeat the pream
as well as complete the sentence (Branigan
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al., 2000b).

EXPERIMENT 1

Participants

A total of 27 participants from the University
of Glasgow community took part.

Items

We constructed 24 sets of items. Each co
prised two sentence fragments (see Appendix

(2a) The racing driver showed the torn overall . . .
(PO-inducing prime)

(2b) The racing driver showed the helpful mechanic . . .
(DO-inducing prime)

(2c) The racing driver fainted . . . (baseline prime)
(3) The patient showed . . .

The first fragment (2a–c) was the prime; th
second fragment (3) was the target. The prim
fragment was designed to induce a PO comp
tion, a DO completion, or an intransitive com
pletion (the baseline condition). All fragment
contained a subject noun phrase and a verb
the PO- and DO-inducing conditions, the prim
fragment contained a postverbal noun phra
comprising a determiner followed by a noun,
noun compound, or an adjective and a nou
This phrase always had the same verb and 
same syntactic structure across conditions 
these two versions of an item. The baseline co
dition employed a different verb, which wa
standardly used intransitively. The target frae

ment consisted of a subject noun phrase and a
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verb, which was the same verb as in the PO- 
DO-inducing conditions of the prime.

For the PO- and DO-inducing conditions, w
manipulated the postverbal noun phrase in 
prime fragment to induce PO or DO comp
tions. In (2a), the postverbal noun phrase i
plausible patient but an implausible beneficia
for the action denoted by the verb. Therefo
participants should be likely to complete the
fragments using the PO construction, where 
postverbal noun phrase is the patient of the v
(e.g., “The racing driver showed the torn over
to the team manager”). In (2b), the postver
noun phrase is a plausible beneficiary but an 
plausible patient. Therefore, participants sho
be likely to complete these fragments using 
DO construction, where the postverbal no
phrase is the beneficiary of the verb (e.g., “T
racing driver showed the helpful mechanic t
damaged tyre”). Sentences such as (2c) were
signed so that participants could produce intr
sitive sentences, but obviously a range of co
pletions were possible (actual examples 
baseline completions include “The grandmoth
ached all over” and “The car salesman snore
he slept”) The experimental items employ
seven verbs (see Appendix). Previous exp
ments showed that participants were likely 
produce both PO and DO completions for the
verbs without producing a high proportion 
other constructions.

The experimental items were placed in
three lists, each comprising eight items fro
each condition, such that one version of ea
item appeared in each list. In addition, we co
structed 96 filler fragments (48 noun phras
followed by a verb and 48 noun phrases f
lowed by a verb and a noun phrase). None of
filler fragments contained a verb that could 
completed with a PO or DO construction. So
verbs appeared in more than one filler fragme

We constructed 27 nine-page booklets of 1
fragments consisting of 48 experimental fra
ments (i.e., 24 items) and the 96 filler fragmen
Each page (except the last page) contained
fragments. The order of fragments was individ
ally randomized for each booklet, with the co
straint that at least 3 filler fragments interven

between experimental items. This means th
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there were at least four trials between one tar
completion and the next. Note that Branigan
al. (1999), using written sentence completio
found no long-term priming when four trials in
tervened between prime and target, and so i
highly unlikely that any effects would carry ove
from one trial to another in this paradigm. Eve
if they did, baseline trials were preceded equa
often by PO and DO (and previous baseline) 
als.

Instructions on the front page of the bookl
explained that we were interested in seeing w
sorts of sentences people produce and that 
ticipants should complete the fragments in a
way they liked, ensuring that they produced
grammatical sentence. The instructions stres
completing each fragment as quickly as possi
with the first completion that came to mind. Pa
ticipants were told to fill in the booklet in orde
without leaving out any fragments.

Procedure

Participants were given a booklet to comple
and were told to hand it back to the expe
menter when they were finished. The expe
menter answered any questions that the part
pants had. The experiment took about 25 min

Scoring

We always scored the first legible completio
Each baseline prime completion was scored a
baseline (i.e., none was excluded). For all oth
prime completions plus all target completion
the completions were scored as POs, DOs,
“others.” They were scored as POs if the dat
verb was immediately followed by a noun phra
that acted as the patient or theme and then b
prepositional phrase beginning with tothat acted
as the beneficiary. They were scored as DO
the verb was immediately followed by a nou
phrase that acted as the beneficiary and then 
noun phrase that acted as the patient or theme
addition, the dative verb could not form part of
phrasal verb (e.g.,handed overin “The architect
handed the latest plan over to the builder”).
prime completion was scored as a PO only if
completed a PO-inducing fragment and w
scored as a DO only if it completed a DO-indu

ating fragment. For example, if a participant com-
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pleted a DO-inducing prime fragment as a P
(e.g., completing “The headmaster gives t
naughty pupils” with “to his assistant”), then 
was scored as an other. A target completion w
scored as a PO or DO only if it had a gramma
cal alternative in the other category where t
order of the patient and beneficiary was revers
All other completions were scored as others.

Design and Data Analysis

Every participant completed 24 target fra
ments, 8 in each of the three priming conditio
defined by the three levels of the prime comp
tion factor (PO vs DO vs baseline prime com
pletion). Every experimental item was present
to all 27 participants, with 9 participants seei
any one version of an item.

We first analyzed the results for the other t
get completions to determine whether the co
bined proportion of PO and DO target comp
tions was comparable across primin
conditions. Thus, we compared the proporti
of other completions following PO prime com
pletions, the proportion of other completion
following DO prime completions, and the pro
portion of other completions following baselin
prime completions. We computed the releva
proportions by dividing the number of other ta
get completions following PO prime comple
tions by the total number of PO prime compl
tions (i.e., PO prime completions followed b
other, PO, and DO target completions), dividin
the number of other target completions follow
ing DO prime completions by the total numb
of DO prime completions (i.e., DO prime com
pletions followed by other, PO, and DO targ
completions), and dividing the number of oth
target completions following baseline prim
completions by the total number of baseli
prime completions (i.e., baseline prime comp
tions followed by other, PO, and DO target com
pletions). These proportions were calculated 
each participant and for each item. Analyses
variance (ANOVAs) were performed on the
data, with separate analyses treating participa
(F1) and items (F2) as random effects. Th
analyses were within-subjects and within-item

We then computed a measure designed to

termine the relative proportions of PO versu
r-
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DO target completions in each of the primin
conditions. This measure was the proportion
PO target completions divided by the sum of t
proportion of PO target completions and t
proportion of DO target completions.3 We call
this the PO target ratio. We employ this meas
because it allows us to compare priming b
tween conditions in cases where the proportio
of other completions are not equivalent.

Results and Discussion

Participants produced POs, DOs, or basel
completions for the prime fragments on 92%
trials (596 trials); of these, 30% were PO co
pletions, 34% were DO completions, and 36
were baseline completions.

We considered the proportions of other targ
completions first. Table 1 shows that such co
pletions are numerically more frequent aft
baseline primes than after PO or DO prim
This trend was not significant,F1(2,52) 5 2.61,

3 In fact, this is equivalent to computing the number of P
target completions divided by the sum of the number of P
target completions and the number of DO target comp
tions. Our discussion is in terms of proportions because
means reported all are in terms of proportions. The use
PO rather than DO is arbitrary because the proportions
complementary. Note that the (overall) proportion of PO ta
get responses5 PO target ratio3 (1 2 others) and that the
proportion of DO target responses5 (1 2 PO target ratio)3

Note. PO, prepositional object; DO, double object.
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TABLE 1

Results

Experiment Prime completion Target completion

PO target ratio Other

1 PO .76 .31
DO .51 .29
Baseline .62 .37

2 PO .72 .27
DO .46 .26
Shifted .61 .32

3 PO .68 .28
DO .44 .31
Shifted .60 .32
Baseline .61 .40

4 PO .70 .21
DO .46 .18
Shifted .59 .26
Baseline .62 .27
s(1 2 others).
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p 5 .08,MSe5 .052; F2(2,46) 5 1.97,p 5 .15,
MSe5 .047.

ANOVAs on the PO target ratio revealed a
effect of prime completion,F1(2,52) 5 12.07,
p , .001,MSe5 .036; F2(2,46) 5 12.21,p ,
.001,MSe5 .034. Newman–Keuls tests, trea
ing both participants and items as random 
fects, revealed that all three ratios differed fro
each other (all ps ,.05).

Experiment 1 demonstrates that priming is
two-way effect. PO target completions (rel
tive to DO target completions) were more fr
quent following PO prime completions tha
following baseline prime completions an
were less frequent following DO prime com
pletions than following baseline prime com
pletions. In other words, both PO prime com
pletions and DO prime completions affecte
the likelihood of producing a PO target com
pletion on the subsequent trial. Indeed, t
magnitude of priming was similar in bot
cases: The overall 25% priming effect (PO ta
get ratio following PO prime completion
minus PO target ratio following DO prim
completions) was due to a combination of
14% priming effect of PO prime completion
(relative to baseline prime completions) a
an 11% priming effect of DO prime comple
tions.

Experiment 1 also shows an intriguing, b
nonsignificant, trend toward a higher proportio
of other target completions following baselin
primes than following either PO or DO prime
e
o
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We return to this in Experiment 3.

EXPERIMENT 2

Experiment 2 investigated whether shift
primes, containing a prepositional phrase f
lowed by a noun phrase, behaved like 
primes. Because Experiment 1 supported 
anced priming, such a finding would provi
strong evidence for the dominance-only a
count. However, it is also possible that shift
primes do not behave like PO primes. The
fore, this experiment employed three con
tions, just like Experiment 1, but replaced t
baseline prime condition by the shifted prim
condition. It also included PO and DO prim

conditions.
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Participants

A total of 30 participants from the Universit
of Glasgow community took part.

Items

We constructed 24 sets of items. Each co
prised two sentence fragments (see Appendi

(2a) The racing driver showed the torn overall . . .
(PO-inducing prime)

(2b) The racing driver showed the helpful mechanic
. . . (DO-inducing prime)

(2d) The racing driver showed to the helpful me-
chanic . . . (shifted-inducing prime)

(3) The patient showed . . .

The items were the same as those in Exp
ment 1 except that the baseline condition (
was replaced by the shifted prime conditi
(2d), which was intended to induce shifted co
pletions (e.g., “The racing driver showed to t
helpful mechanic the serious problem with h
car that had developed”). The critical charact
istic of these primes is that they induce the or
verb, prepositional phrase, or noun phrase,
that the noun phrase is especially long 
“heavy” (see scoring below). In all three cond
tions, prime and target shared the same verb
total of 96 filler fragments were constructed 
the same way as in Experiment 1.

Procedure, Scoring, and Design and Data
Analysis

These were the same as Experiment 1 exc
in the following respects. A shifted-inducin
prime was scored as a shifted prime complet
if the completion contained a patient (or them
noun phrase (and other otherwise). There w
no requirement for this noun phrase to be lo
The prime completion factor had three leve
(PO vs DO vs shifted prime). Note that targ
completions that employed the shifted constr
tion were scored as others. Such cases were
tremely rare and are discussed separately be

Results and Discussion

Participants produced POs, DOs, or shift
completions for the prime fragments on 94%
trials (680 trials); of these, 31% were PO co
pletions, 35% were DO completions, and 34

were shifted completions. Two cells on the par-
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ticipants analysis in the DO prime completi
condition were empty and, therefore, were 
placed by the grand mean.

The proportions of other completions did n
differ across conditions (both Fs , 1.2). ANOVAs
on the PO target ratio revealed a significant ef
of prime completion,F1(2, 58) 5 9.59,p , .001,
MSe5 .052; F2(2, 46) 5 17.64,p , .001,MSe5
.032). Newman–Keuls tests revealed that all th
ratios differed from each other (p, .05) except
that the difference between the PO and shi
prime conditions was marginal on the participa
analysis (p5 .065). Participants produced shifte
target responses on three occasions, all of t
following a shifted prime (with two being from
the same participant).

These results demonstrate that shifted prim
do not produce the same proportion of PO ta
completions as do PO primes. In other words
least some component of the representation
PO sentences that brings about syntactic prim
is not replicated in the shifted prime sentenc
Therefore, this is compatible with the claim th
no dominance-only representation is construc
However, it is possible that both the intermedi
representation and a final ordered representa
produce priming. In that case, we would expec
find a priming effect in the shifted prime cond
tion but reduced relative to the PO prime con
tion. This explanation is unlikely for two reason
First, the PO target ratio in the shifted conditi
(61%) was roughly halfway between the PO t
get ratios in the PO and DO conditions (72% a
46%, respectively). Second, the pattern was v
similar to that in Experiment 1, where the ba
line condition also fell roughly halfway betwee
the other conditions. Thus, the shifted condit
in Experiment 2 behaved very similarly to th
baseline condition in Experiment 1. But to det
mine whether baseline primes and shifted prim
produce equivalent PO target ratios, it is nec
sary to compare shifted and baseline conditi
ty

s,
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ted
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me
within a single experiment.

EXPERIMENT 3

Participants

A total of 60 participants from the Universi

of Glasgow community took part.
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Items

We constructed 32 sets of items. Each co
prised two sentence fragments (see Appendi

(2a) The racing driver showed the torn overall . . .
(PO-inducing prime)

(2b) The racing driver showed the helpful mechanic
. . . (DO-inducing prime)

(2c) The racing driver sneezed very . . . (baseline
prime)

(2d) The racing driver showed to the helpful mechanic
. . . (shifted-inducing prime)

(3) The patient showed . . .

The items were based on those in Expe
ments 1 and 2 and employed all four conditio
within a single experiment. In (2a,b,d) but n
in (2c), prime and target shared the same ve
The baseline prime included an adverb such
very after the verb. There were 128 fillers (4
noun phrases followed by a verb, 56 nou
phrases followed by a verb and a noun phra
8 noun phrases followed by a verb in anit-cleft
construction [e.g., “It was the park warden wh
spotted . . .”], 8 noun phrases followed by
verb in awh-cleft construction [e.g., “What the
kid hated . . .”], and 8 noun phrases followe
by a verb and a noun phrase in an extrapos
construction [e.g., “The waiter insulted the cu
tomer yesterday who . . .”]). We include
these somewhat unusual sentence types so
the shifted-inducing primes would be less co
spicuous.

Procedure, Scoring, and Design and Data
Analysis

A shifted-inducing prime was scored as
shifted if the completion contained a patient (
theme) noun phrase (and other otherwise). T
prime completion factor had four levels (PO 
DO vs shifted vs baseline). The experiment to
about 35 min.

Results and Discussion

The prime was completed as POs, DO
shifted, or baseline on 92% of all completio
(1,759 trials); of these, 22% were completed
PO primes, 25% as DO primes, 26% as shif
primes, and 27% as baseline primes. Two c
on the participants analysis, one in the PO pri

completion condition and one in the DO prime
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completion condition, were empty and, ther
fore, were replaced by the grand mean.

For the other target analyses, ANOVAs r
vealed a main effect of prime completion,F1(3,
177) 5 6.83,p , .001,MSe5 .024; F2(3,93) 5
6.05, p , .001, MSe 5 .015. In accord with
Table 1, Newman–Keuls tests showed that p
ticipants produced more other target comp
tions following baseline prime completions th
following PO, DO, or shifted prime completion
(all ps , .02) but that the other three conditio
did not differ (all ps ..19).

Table 1 also shows that the PO target rat
differ across conditions. ANOVAs confirme
this observation,F1(3,177)5 14.18,p , .001,
MSe5 .042;F2(3,93)5 13.88,p , .001,MSe5
.026. Planned comparisons demonstrated
shifted prime completions differed from P
prime completions,F1(1,59) 5 4.44, p , .05,
MSe5 .039;F2(1,31)5 4.83,p , .05,MSe5
.027, but they did not differ from baseline prim
completions (bothFs , 1.0). Participants pro
duced a shifted target response on two oc
sions: one following a shifted prime and one fo
lowing a DO prime. In accord with the patter
found in Experiments 1 and 2, shifted prim
completions did not appear to prime in the w
that PO prime completions did, and shifte
prime completions behaved similarly to baseli
prime completions. Thus, there was no sign t
shifted prime completions served as a prime
PO target completions.

The analysis of other completions demo
strated that participants produced more PO 
DO target completions (combined) after th
had produced PO, DO, or shifted prime comp
tions than after they had produced base
prime completions. This appears to be a sec
priming effect that is not directly related to th
syntactic priming effect demonstrated by t
tendency to produce PO target completions 
lowing PO prime completions and to produ
DO target completions following DO prim
completions. Instead, some property shared
PO and DO target completions is primed by P
DO, and shifted prime completions but not 
baseline prime completions. It is impossible
be certain of the source of the priming. Clea

the PO, DO, and shifted primes share ma
GAN, AND MCLEAN
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properties (related to the fact that they can co
stitute alternative ways of describing the sam
event). This contrasts with the baseline prim
which describe very different kinds of events.

Thus, PO, DO, and shifted prime completion
involved three arguments, whereas basel
completions did not involve three argumen
The PO and DO target completions involve
three arguments. Hence, it is possible that t
second priming effect reflects priming of th
production of a particular number of argumen
However, the current analyses do not test t
precisely because the definitions for scori
prime completions were not expressed in ter
of number of arguments. Therefore, we co
ducted argument analyses, in which we re
scored a prime completion as a PO if it com
pleted a PO-inducing fragment and resulted in
sentence containing one main verb with exac
three arguments. For example, we allowed co
pletions containing phrasal verbs, completio
that involved prepositions apart from to, and
completions involving different thematic roles
Similarly, a prime completion was scored as
DO if it completed a DO-inducing fragment an
resulted in a sentence containing one main v
with exactly three arguments and was scored
a shifted if it completed a shifted-inducing frag
ment and resulted in a sentence containing 
main verb with exactly three arguments. It w
scored as a baseline if it completed a baseli
inducing fragment and resulted in a senten
containing a single main verb that did not i
volve three arguments.

Second, the priming conditions differed wit
respect to the number of entities that were 
volved in the event described. PO, DO, a
shifted prime completions (as originally score
typically described events involving three en
ties, whereas baseline completions typically d
scribed events involving one entity. Howeve
there were some exceptions to this because
original scoring was not in terms of the numb
of entities involved. In the entity analyses, we
scored a prime completion as a PO if it com
pleted a PO-inducing fragment and resulted in
sentence containing one main verb associa
with exactly three entities. An entity was de
nyfined in terms of a head noun. For example,
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“The racing driver showed the torn overall th
cost him the race during the interview” wou
count as a PO because the torn overall that c
him the raceinvolves one head noun and during
the interviewcontains the head noun intervie
Note that the entities could be abstract (e
temporal expressions). The completion w
scored as a DO if it completed a DO-induci
fragment and resulted in a sentence contain
one main verb associated with exactly three 
tities and was scored as a shifted if it comple
a shifted-inducing fragment and resulted in
sentence containing one main verb associa
with exactly three entities. It was scored as
baseline if it completed a baseline-induci
fragment and resulted in a sentence containin
single main verb that was not associated w
exactly three entities.

Both argument and entity analyses produc
almost identical results to the main analys
The proportions of other responses barely 
fered from the main analyses, and the statist
significance of all effects remained the sam
Thus, Experiment 3 demonstrated two differe
types of priming. The effect of the form of th
prime on the PO target ratio is a syntactic pri
ing effect. Within this general priming effect,
showed that a shifted prime had the same ef
as a baseline prime and, therefore, that it did
facilitate the production of PO target comp
tions. But the experiment also showed that p
ticipants tended to produce PO or DO tar
completions more often after PO, DO, or shift
prime completions than after baseline prim
completions. Further analyses suggested tha
production of a prime either containing three 
guments or referring to three entities facilitat
the production of a PO or DO target, which co
tained three arguments and referred to three
tities. This priming effect appears to reflect p
cessing before choice of syntactic analysis w
made, although it is impossible to localize t
effect precisely. Therefore, it provides some 
idence for the suggestion that participants
Hartsuiker and Kolk’s (1998) experiments m
have been primed to produce three-argumen
three-entity responses by a PO, DO, or shif
prime versus a baseline prime. It is possible

course, that some other difference between 
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baseline condition and the other conditions w
responsible for the effect. For example, t
baseline primes used different verbs from t
targets, whereas the PO, DO, and shifted prim
used the same verb as the targets. However,
unclear why this difference should affect th
proportion of others.

A possible concern with Experiments 2 and
is that participants might sometimes have fai
to notice the preposition toafter the verb and
thus, read the fragment as a DO-inducing prim
If this were the case, then they would have eff
tively produced a DO completion on those occ
sions and, hence, the DO structure would 
primed. Therefore, it is conceivable that the la
of a priming effect for the shifted sentences
Experiment 3 might have been because par
pants sometimes completed the shifted-induc
prime fragment as a shifted sentence and so
times completed it as a DO sentence. For thi
have happened, participants would have to h
written a DO completion to a shifted prime suf
ciently often that the two priming effects wou
have “canceled out.” The possibility that partic
pants systematically misinterpret the prime c
straightforwardly be tested by using an expe
mental task in which the preposition to has to
reproduced. Because writing out 160 compl
sentences is too laborious for participants,
t
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turned to spoken production for Experiment 4.

EXPERIMENT 4

Experiment 4 was a replication of Experime
3 except that spoken sentence completion w
employed, participants were required to repr
duce the preamble as well as complete the pri
sentence, and a computerized timed proced
was used (as in Branigan et al., 2000b). Note th
comparison of the results of Experiments 3 and
allows us to determine the extent to which spok
and written sentence completion methods p
duce similar results. Some evidence suggests 
to be the case (Hartsuiker & Westenberg, 200
Other evidence suggests that the relationship 
tween the methods may be more complex. Bra
gan et al. (1999) found strong priming with wri
ten sentence completion so long as no senten
intervened between prime and target, but th

healso found that priming rapidly decayed if even
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one sentence intervened between prime and
get. In contrast, Branigan et al. (2000b) fou
that priming persisted over an intervening s
tence in spoken sentence completion. This re
is in accord with Bock and Griffin (2000), wh
found that syntactic priming persisted over 
many as 10 trials in the (spoken) picture desc
tion method (Bock, 1986).

Participants

A total of 32 participants from the Universit
of Edinburgh community took part.

Items

The items in this experiment were identical
those in Experiment 3 (see Appendix).

Procedure

This experiment was presented usi
PsyScope software (Cohen, MacWhinn
Flatt, & Provost, 1993).[AU4] Participant
were told that we were interested in see
what sorts of sentences people produce. T
were instructed to read out loud the sente
fragments and then complete the sentence
any way they liked, ensuring that they produc
a grammatical sentence. Each experime
trial consisted of a fixation point (“1”) appear-
ing at the side of the screen for 1,000 ms. T
was then replaced with a sentence fragm
The first letter of the first word of the fragme
appeared in the location where the fixati
point had been. The fragment remained in 
screen for 7,000 ms. The screen was t
cleared, and after a 1,000-ms delay, a beep
curred. A further delay of 1,000 ms occurr
before the next item was presented.

Participants took part in a short practice e
periment before the experimental session. T
practice session consisted of 10 sentence f
ments similar in structure and length to the fil
items used in the experimental session. The
tire experiment took about 25 min and contain
two breaks, the duration of which was under 
participants’ control.

Scoring

The tape for each participant was transcrib

and scored. Scoring was as in Experiment 3 
GAN, AND MCLEAN
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cept that a response was scored as an other 
fragment was incorrectly repeated.

Design and Data Analysis

These were the same as in Experiment 3. 
prime completion factor had four levels (PO 
DO vs shifted vs baseline).

Results and Discussion

The primes were completed as POs, DO
shifted, or baseline on 86% of all responses (8
trials); of these, 23% were completed as P
primes, 24% as DO primes, 26% as shift
primes, and 28% as baseline primes. One cel
the items analysis, in the PO prime completi
condition, was empty and, therefore, was 
placed by the grand mean.

For the other target analyses, ANOVAs r
vealed a marginal main effect of prime comp
tion, F1(3,93) 5 2.45, p 5 .07, MSe 5 .027;
F2(3,93) 5 2.54, p 5 .06, MSe 5 .027. Al-
though there were numerically more others f
lowing baseline primes than following the oth
conditions, a planned comparison of the ba
line prime condition and the mean of the oth
conditions was not significant (both ps ..10).

Table 1 shows that the PO target ratios dif
across conditions. ANOVAs confirmed this o
servation,F1(3,93) 5 8.49, p , .001, MSe5
.040; F2(3,93) 5 6.94,p , .001,MSe5 .035.
Hence, the usual syntactic priming effect o
curred in this experiment. Planned compariso
demonstrated that shifted prime responses 
fered from PO prime responses,F1(1,31) 5
4.99, p , .05, MSe5 .040; F2(1,31) 5 4.41,
p , .05, MSe5 .042, but they did not differ
from baseline prime responses (both Fs , 1.0).
In accord with the pattern found in Experimen
1 to 3, shifted prime responses did not appea
prime in the way that PO prime responses d
and shifted prime responses behaved simila
to baseline prime responses. Thus, there wa
sign that shifted prime responses served a
prime for PO target responses.

The preposition toin the shifted prime was
missed on five prime trials (with one participa
accounting for four of these trials). A shifted r
sponse was given in the target on five occasio
ex-two after a DO prime response (both from the
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same participant), two after a shifted prime 
sponse, and one after an other prime respon

In conclusion, the results of Experiment 4 a
comparable to those of Experiment 3. The 
fects in this experiment cannot be due to part
pants failing to notice the preposition in th
shifted prime condition. The results, therefo
provide further support for the claim that shift
primes behave similarly to baseline primes w
respect to the proportions of PO and DO tar
responses produced. They also lend suppo
the claim that written sentence completion a
spoken sentence completion (together with 
production of the preamble) produce compa
ble results and, therefore, are likely to 
equally valid methods for using syntactic prim
a
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ing to investigate language production.

GENERAL DISCUSSION

Experiment 1 demonstrated that priming w
balanced so that it was possible to prime b
PO and DO forms in relation to a baseline (th
was not completed as either a PO or a DO). 
periment 2 showed that shifted primes did n
behave like PO primes; production of PO targ
completions was less common following shifte
prime completions than following PO prim
completions. Experiment 3 confirmed th
shifted prime completions behaved like basel
prime completions with respect to the produ
tion of PO versus DO target completions. E
periment 4 found similar results to those of E
periment 3 when participants orally repeated 
preamble and completed the sentence.

Shifted target responses were extremely ra
presumably because the construction is fairly 
common in English. They are more comm
when the final noun phrase is particularly long
“heavy,” but such completions were not encou
aged by the experimental methods used (in co
parison, e.g., to the methods used by Stalling
al., 1998). Hence, syntactic priming does not a
pear to be strong enough to cause this tendenc
be systematically overruled. In Experiments 2
4, there were a total of 10 shifted target respon
(produced by eight different participants). O
these 10 responses, 1 followed an other prime
sponse. Of the other 9 responses, 6 follow

shifted prime responses, 3 followed DO prime r
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sponses, and none followed either PO or base
prime responses (but recall that there was
baseline condition in Experiment 2). Althoug
these small numbers make statistical analy
risky, the data suggest that shifted target 
sponses are more common following shift
prime responses than following PO prime 
sponses and perhaps that shifted target respo
do not occur more often following PO prime r
sponses than following DO prime respons
These findings suggest that the production
shifted responses is affected by the prior prod
tion of shifted responses but not by the prior p
duction of PO responses. This is in accorda
with the single-stage account but not the dom
nance-only account. Note that the small prop
tion of shifted target responses may suggest 
participants do not normally produce shifted se
tences in conditions comparable to those in t
experiment (e.g., isolated sentence completio
If so, then participants may be producing shift
prime completions in a way that is dissimilar 
sentence production in the other conditions (a
elsewhere). However, the fact that participa
did produce (grammatical) shifted prime comp
tions just as often as they did PO, DO, and ba
line completions provides good evidence th
shifted sentences are unusual but completely
ceptable (as argued in other work, e.g., Hawki
1994; Stallings et al., 1998).

However, our data show that the likelihood 
producing a shifted target response is nea
zero. The data are compatible with the sing
stage account because the shifted prime b
no special relationship with PO target respon
any more than with DO target responses. Th
are hard to reconcile with the dominance-on
account because the effect of a shifted prim
like that of a PO prime, should be to increase 
activation of the PO/shifted dominance-on
node (Fig. 1a). Because the likelihood of pr
ducing a shifted response is (nearly) zero, al
the increased activation at the PO/shifted no
should benefit the production of PO target 
sponses. Thus, PO and shifted primes should
differ in their effects on PO target respons
and both should differ from baseline primes.
fact, shifted primes behaved like baseli

e-primes rather than like PO primes.
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Together, the experiments reported in th
paper provide evidence for the single-stage 
count, whereby language production involv
the mapping of a pre-syntactic representation
a representation that is fully specified syntac
cally. Our experiments specifically suggest th
production does not involve the computation 
a dominance-only level of representation. A
though other multiple-stage accounts are 
principle possible, the results provide no reas
for adopting such models.

Our conclusion appears to run counter to 
conclusion of Vigliocco and Nicol (1998). Fo
lowing Bock and Miller (1991), there is consid
erable evidence that the verb sometimes e
neously agrees with non-head nouns within
complex subject such as helicopters in “the
flight of the helicopters.” Vigliocco and Nico
(1998) found that such errors were just as co
mon when the subject noun phrase followed 
verb (e.g., “Were the flight of the helicopte
safe?”) as when it preceded the verb (e.g., “T
flight of the helicopters were safe”). From thi
they inferred two separate stages in grammat
encoding, with the first stage involving the com
putation of hierarchical structure and function
relations in the absence of ordering informatio
On their account, subject–verb agreement 
curs during the first stage. However, it is al
possible that agreement may have been co
puted before the computation of hierarchic
structure, for instance, at the functional level a
sumed by Bock and Levelt (1994).

Combinatorial Nodes in the Lemma Stratum

So far, we have interpreted our results 
terms of the levels of representation employ
during the production of utterances. The resu
also shed light on production from a somewh
different perspective, namely the nature of t
lexical representations accessed during prod
tion. Roelofs (1992, 1993) and Levelt et a
(1999) argued that this lexical information 
represented at three levels or strata: a conc
tual stratum(containing semantically specifie
concepts), a lemma stratum(encoding syntactic
information), and a word form stratum(encod-
ing morphological and phonological informa

tion). Pickering and Branigan (1998) expande
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on the model of the lemma stratum, in partic
lar, by characterizing the way in which it en
codes syntactic information that is associa
with lexical entries. This information include
(major) category information (e.g., noun, verb
featural information (e.g., number, perso
tense), and combinatorial information. Comb
natorial information specifies the way in whic
a word can combine with other linguistic uni
to form possible expressions of the langua
Thus, a verb such as givecan combine with ar-
guments (e.g.,the man,the book,to the boy)
that correspond to the participants in the act
denoted by the verb. Pickering and Branig
proposed that the lemma stratum encodes 
information by means of lemma nodes, rep
senting the base form of words, and syntac
property nodes, which are connected to 
lemma nodes via labeled links.

For example, the lemma giveis connected to
the syntactic category node verb and various
featural nodes such as present tense, past te
singular number, and plural number. The ve
node is activated whenever giveis activated, and
the relevant feature nodes are activated as
propriate. Thus, when the form givesis used in a
sentence, the present tense and singular num
nodes are activated. The lemma giveis also
linked to combinatorial nodes that are activat
when the verb is used in a particular syntac
construction. Pickering and Branigan (199
proposed that the NP,NPnode is activated when
give is used in the DO construction (e.g., “giv
the boy a book”) and that the NP,PPnode is ac-
tivated when giveis used in the PO constructio
(e.g., “give a book to the boy”). However, the
did not commit to a precise specification of t
circumstances under which particular nod
were activated. One issue concerns whether
nodes correspond to traditional subcategori
tion frames or whether they are activated wh
ever the verb is associated with appropri
phrases, which can be either arguments or 
juncts of the verb. Pickering and Branigan not
that Bock and Loebell’s (1990) findings provid
some evidence for this latter account (but 
Potter & Lombardi, 1998).

The evidence against a dominance-only r

dresentation suggests that the nodes are speci-
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fied for the order of phrases. This suggests 
there are three different nodes:NP,NP; NP,PP;
and PP,NP. The processor appears to mak
straightforward choice among the three nod
at a single stage during production. Select
of a verb lemma is associated with selection
a combinatorial node that mandates constr
tion of a fully specified constituent structur

Hence, it appears that once people have c

4. The cricket player showed the ball/the umpire. Th
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structed earlier levels of representation (e.
functional structure), they are ready to make
choice about which construction to use. Prim
ing affects the choice of structure. It appea
that construction of syntactic structure tak
place in a single stage. In this respect at lea
the number of levels of representation em
ployed during sentence formulation is min
on-mized.
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APPENDIX

Items for Experiments 1 and 2

For each item, the first sentence contains the PO-inducing prime before the slash and the DO-inducing prime aft
slash. The second sentence contains the baseline prime from Experiment 1. To reconstruct the shifted-inducing p
add the word toafter the verb in the DO-inducing fragment (e.g., “The mother gave to the hungry baby ” in Item 1
The final sentence contains the target fragment.

1. The mother gave the expensive toy/the hungry baby. The mother sneezed. The air hostess gave.
2. The architect gave the latest plans/the cheerful engineer. The architect sneezed. The teacher gave.
3. The lecturer gave the book/the professor. The lecturer coughed. The shopkeeper gave.
4. The hostess handed the dessert/the guests. The hostess hiccupped. The news agent handed.
5. The efficient secretary handed the long fax/the grumpy businessman. The efficient secretary sneezed. The l

handed.
6. The grandmother handed the big present/the little girl. The grandmother ached. The tennis fan handed.
7. The millionaire loaned the valuable painting/the struggling artist. The millionaire coughed. The explorer loan
8. The swimmer loaned the towel/the diver. The swimmer ached. The draftsman loaned.
9. The woman loaned the rusty bike/the new neighbour. The woman fainted. The librarian loaned.

10. The man lent the lawnmower/the neighbour. The man fainted. The actor lent.
11. The fashion designer lent the pink jacket/the famous journalist. The fashion designer itched. The diver lent.
12. The car salesman lent the mini/the couple. The car salesman snored. The forest ranger lent.
13. The booking clerk posted the last ticket/the young fan. The booking clerk hiccupped. The serial killer posted
14. The blackmailer posted the incriminating photos/the sleazy journalist. The blackmailer coughed. The lonely 

posted.
15. The captain gave the spare life jacket/the old sailor. The captain ached. The bus driver gave.
16. The disgruntled employee sent the long letter/the managing director. The disgruntled employee snored. The

novelist sent.
17. The secretary sent the invoice/the manager. The secretary coughed. The boyfriend sent.
18. The woman sent insurance claim/the insurance company. The woman hiccupped. The fan sent.
19. The racing driver showed the torn overall/the helpful mechanic. The racing driver fainted. The patient showe
20. The youngster showed the toy/the teacher. The youngster itched. The private detective showed.
21. The lifeguard showed the lifebelt/the surfer. The lifeguard sneezed. The inventor showed.
22. The cricket player showed the ball/the umpire. The cricket player ached. The car mechanic showed.
23. The bank manager handed the cheque/the customer. The bank manager snored. The junior surgeon hande
24. The builder lent the drill/the surveyor. The builder snored. The hairdresser lent.

Items for Experiment 3 and 4

For each item, the first sentence contains the PO-inducing prime before the slash and the DO-inducing prime aft
slash. The second sentence contains the baseline prime. To reconstruct the shifted-inducing prime, add the wto
after the verb in the DO-inducing fragment (e.g., “The racing driver showed to the helpful mechanic” in item 1). T
final sentence contains the target fragment.

1. The racing driver showed the torn overall/the helpful mechanic. The racing driver sneezed very. The patient s
2. The youngster showed the toy/the teacher. The youngster clapped extremely. The private detective showed
3. The lifeguard showed the lifebelt/the surfer. The lifeguard yelled quite. The inventor showed.
e cricket player yelled very. The car mechanic showed.



emely.

ed.
s agent

eon

er

osted.
 The

he diver

velist

t.

aughter

aned.
personnel

d.
604 PICKERING, BRANIGAN, AND MCLEAN

5. The efficient secretary handed the long fax/the grumpy businessman. The efficient secretary sneezed extr
The little girl handed.

6. The grandmother handed the big present/the little girl. The grandmother yawned very. The tennis fan hand
7. The hostess handed the dessert/the guests. The news agent handed. The hostess snored rather. The new

handed.
8. The bank manager handed the cheque/the customer. The bank manager yelled extremely. The junior surg

handed.
9. The captain gave the spare lifejacket/the old sailor. The captain snored extremely. The bus driver gave.

10. The mother gave the expensive toy/the hungry baby. The mother laughed quite. The air hostess gave.
11. The architect gave the latest plans/the cheerful engineer. The architect laughed very. The teacher gave.
12. The lecturer gave the book/the professor. The lecturer giggled rather. The shopkeeper gave.
13. The millionaire loaned the valuable painting/the struggling artist. The millionaire yawned quite. The explor

loaned.
14. The swimmer loaned the towel/the diver. The swimmer yelled quite. The draftsman loaned.
15. The woman loaned the rusty bike/the new neighbour. The woman giggled very. The librarian loaned.
16. The booking clerk posted the last ticket/the young fan. The booking clerk laughed quite. The serial killer p
17. The blackmailer posted the incriminating photos/the sleazy journalist. The blackmailer laughed extremely.

lonely sailor posted.
18. The car salesman lent the mini/the couple. The car salesman grumbled very. The forest ranger lent.
19. The man lent the lawnmower/the neighbour. The man snored rather. The actress lent.
20. The fashion designer lent the pink jacket/the famous journalist. The fashion designer clapped extremely. T

lent.
21. The builder lent the drill/the surveyor. The builder sneezed quite. The hairdresser lent.
22. The chairman sent the long letter/the managing director. The chairman yawned extremely. The famous no

sent.
23. The accountant sent the invoice/the client. The accountant giggled quite. The boyfriend sent.
24. The customer sent the insurance claim/the insurance company. The customer clapped quite. The fan sen
25. The nurse showed the X-ray/the doctor. The nurse yawned extremely. The jeweler showed.
26. The courier handed the parcel/the receptionist. The courier sneezed rather. The child handed.
27. The chief librarian sent the reminder/the student. The chief librarian grumbled very. The thoughtful grandd

sent.
28. The young woman loaned the necklace/the teenager. The young woman grumbled rather. The motorist lo
29. The researcher posted the detailed questionnaire/the eager journalist. The researcher snored rather. The 

manager posted.
30. The spy sold the stolen documents/the foreign diplomat. The spy grumbled rather. The shop assistant sol

31. The florist gave the huge bouquet/the startled butler. The florist giggled rather. The pharmacist gave.
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32. The receptionist lent the spare key/the busy ass
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