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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 the
completed it. We interpret the results in terms of accounts that assume that constituent structure is formulated ir
one stage. © 2002 Elsevier Science (USA)
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How do people make use of grammatical inFhe Construction of Constituent Structure

formation when they produce utterances? Ac- Most models agree that each level of process

cording to most current models, language prsy is independent in the sense that each level |
duction involves _thre? §tagncept_ual|zat|on concerned with its own characteristic informa-
or when the prelinguistic message is generatﬁfgn and its own representations for dealing with

formulationor when the message is encoded fhat information. For example, representations

IlngU|§t|c form, _andartlculatlon or when this of grammatical encoding do not include specifi-
E(;:?m'jaﬁor:e:ng; Sa(l):sneds (E)rOtrEarks on ? p?g%;'zltions of conceptual structure or phonology.

. P oth grammatical €gy, ., independence holds in both strictly feed.
coding, whereby the syntactic content of appr orward models of production (Levelt, 1989)
priate lexical elements is retrieved and used 19 1 models that allow feedback betwe,en level

generale syntactc structure, and morphoporiyey s gge) This means that it should be possi
g 9 y phop ole, in principle, to determine the nature of the

ical content is assembled (Bock & Levelt, 199 : tati ¢ h level

Levelt, 1989; Levelt, Roelofs, & Meyer, 1999). In epresentations at each [evet. |

this article, we are concerned with the nature fAS_ In many current modgls, we assume tha

grammatical encoding. It is uncontroversial th e first stage of grammatical encoding is _the
representation

grammatical encoding results in the constructio?PnSLrUCt'on |0f a functlonal h
of a constituent structure representation. Our cotpOCK & Levelt, 1994; Garrett, 1980). The pre-

cemn is with the stages that the processor gdds€ nature of this representation is beyond th
through in reaching this representation. scope of this article. However, we assume that i

contains noun and verb lemmas, that is, the syr
The order of the first two authors is arbitrary. We aCactic information such as grammatical cate-
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2 PICKERING, BRANIGAN, AND McLEAN

tive) and that the functional representation doesiming that the DO construction is marked
not specifically encode information about hierfe.g., because many verbs do not admit this cor
archical relationships between nouns and verksruction), we might expect priming for the DO
The representation is also partial in that it isonstruction but not for the PO construction.
concerned simply with functions (verbs) anédome evidence suggests that priming is bal
their arguments (nouns); for example, it doesnced (Bock & Griffin, 2000, Experiment
not contain specifications for adjectives or de2),[AU1] but other effects have not been reliable
terminers. It serves as input to the processes tfBock, 1986) or have involved baseline primes
ultimately result in the construction of a fullypresented at the beginning of the experimenta
specified constituent structure that relates all §ession (Hartsuiker & Kolk, 1998).
the lexical elements in the sentence. Other experimental work helps to rule out al-
Strong evidence that a constituent structutgrnative loci for these priming effects. Bock
representation is constructed comes from syAnd Loebell (1990) showed that PO sentence
tactic priming. Under the guise of a memorgontaining prepositional phrases that specify lo-
test, Bock (1986) had speakers alternate beations (e.g., “The wealthy widow drove her
tween repeating prime sentences and describilfigrcedes to the church”) primed PO descrip-
semantically unrelated target pictures. She méons when the prepositional phrase did not
nipulated the syntactic forms of the sentencé&pecify a location (e.g., “A rock star sold some
that speakers repeated. For example, the pri@caine to an undercover agent”). These find
sentence might use thprepositional object iNgs suggest that Bock’s (1986) priming effects
(PO) form of an alternating dative verb in oné&ould not be due to priming at an earlier stage o
condition (e.g., “A rock star sold some cocaingroduction concerned with the encoding of the-
to an undercover agent”) and tHeuble object matic (or event structural) relations. Further-
(DO) form in the other condition (e.g., “A rockmore, Bock and Loebell (1990) found no prim-
star sold an undercover agent some cocainell)d between “Susan brought a book to study”
The target pictures could be described using @nd “The girl gave a brush to the man,” despite
ther form. Participants tended to produce a Peir metrical similarities. This suggests that the
target picture description after a PO prime, @ffects are not due to priming at a metrical level
DO target picture description after a DO primdn addition, these priming effects cannot be due
and so on. Bock also found similar effects foio lexical repetition (Bock, 1989; Pickering &
active/passive sentences. Branigan, 1998) or discourse factors given tha
It is less clear whether these effects aag  @ll of these experiments involve isolated sen-
ancedsuch that both alternative structures cai¢nces. Another alternative explanation is tha
be primed. For example, presentation of a Pgyntactic priming is actually sensitive to func-
prime would lead to an increased tendency tonal level representations. For example, an ac
produce a PO target, and presentation of a i¥e sentence contains a subject and an objec
prime would lead to an increased tendency #hereas a full passive sentence contains a sul
produce a DO target. If priming is balanced€ct and a phrase with an oblique grammatica
then both PO and DO primes would produce tafunction (theby-phrase). However, Hartsuiker
get responses that differ from a neutral baseligd Westenberg (2000) and Hartsuiker, Kolk,
prime. Alternatively, priming could bbeiased and Huiskamp (1999) found priming of word
such that one construction could be primed b@tder when no functional-level explanation was
the other could not. In that case, a baselii®ssible. Hence, we can conclude that priming
prime would have a similar effect to either th@f constituent structure representations occurs.
PO prime (if POs are not primed) or the DO On one account, the processor construct
prime (if DOs are not primed). Perhaps the mo#iese representations from the functional-leve
likely possibility is that a marked constructiorinput in a single stage. We call thissangle-
could be primed by another instance of that coftage accounof the formulation of constituent
struction but an unmarked one could not. Agtructure. Alternatively, the processor might
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construct the final constituent structure repré2otter & Lombardi, 1998). Apart from ruling out
sentation via one or more intermediate represetiiematic accounts of priming, these results are
tations. We call accounts of this typmultiple- also difficult to reconcile with transformational
stage accountsMultiple-stage accounts holdapproaches to syntax, which assume a very dif
that fully specified constituent structure repreferent representation for passive sentences (in
sentations are the ultimate output of syntactiolving transformed structures and traces) thar
processing but that intermediate levels of repréoar locative sentences (Chomsky, 1981). In other
sentation are computed as well. words, there is good evidence against a multi-
There is good evidence against one multiplgle-stage account involving two fully specified
stage account, which we call tHeep-structure constituent structure representations.
account This account draws on the assumptions However, there are strong theoretical and ex
of transformational grammar, namely that serperimental reasons to advocate an alternativ
tences involve (at least) two fully specified levmultiple-stage account, which we call tthemi-
els of constituent representation: a surface struzance-only accountOn this account, con-
ture, and a deep (or underlying) structurstituent structure is computed in two stages. Th
(Chomsky, 1965, 1981). It assumes that lafirst specifies the hierarchical aspects of con
guage production involves the construction dftituent structure but does not specify linear
syntactic structure in (at least) two stages. Ttweder. For “gave the hay to the horses,” the firs
functional representation is first mapped onto atage would compute a representation consis
underlying structure representation, which is img of a verb phrase node that dominates a ver
turn mapped onto a surface structure representede, a nhoun phrase node, and a preposition
tion. However, Bock, Loebell, and Moreyphrase node but would not specify that the vert
(1992) found that speakers processed (amdde preceded the noun phrase node or that tt
hence represented) in a related manner the saloun phrase node preceded the preposition:
ject of an active sentence and the subject ofparase node. Note that this representation is nc
passive sentence. They claimed that the argafocal tree because the precedence relations b
ment associated with the subject function of @veen the daughter nodes are not specified (Pa
passive sentence is directly assigned to the cdae, ter Meulen, & Wall, 1990).
stituent structure position reserved for subjects. Following linguistic terminology, we say that
Their main criticism is of the assumption thathis intervening representation constitutes &
functional relations are defined at two levels adominance-only level of representation. In other
representation, as assumed within some theorigerds, it contains “dominance” information
of linguistics, for example, relational grammarbout which phrases dominate others (e.g.,
(Pearlmutter, 1983). In other words, they arguedtrb phrase node dominates verb, noun phras
that production does not involve relation-changand prepositional phrase nodes) but not “prece
ing operations during functional processinglence” information about the order of phrases
such that, for example, underlying objects bde.g., between the verb, noun phrase, and prep
come surface subjects. However, their resulsitional phrase nodes). This distinction is pro-
are similarly incompatible with a model inposed within various linguistic theories, most
which a fully specified representation of undemotably modern theories of phrase structure
lying structure is mapped onto a representatigrammar (Gazdar, Klein, Pullum, & Sag, 1985;
of surface structure. Pollard & Sag, 1994). It allows, for example,
Further evidence against the deep-structugarsimonious generalizations about word order
account comes from Bock and Loebell (1990)Many languages require particular constituents
who found that sentences containing a locativi® occur at a specific point in a phrase (e.g.
by-phrase such as “The foreigner was loiteringerbs come clause-finally in Japanese and Turk
by the broken traffic light” primed passive de-ish), and an autonomous precedence compone
scriptions involving an agentive by-phrase jusallows such a generalization to be made in a sin
as much as another agentive sentence did (but gfe statement.
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Under the dominance-only account, thend (1c) share dominance relations; both in-:
processor then converts this representation intolve a verb phrase dominating a verb, a nour
a second representation, which is specified fphrase, and a prepositional phrase. In contras
order. This second process has been céitled (1b) involves a verb phrase dominating a verk
earization(Hartsuiker et al., 1999; Hartsuiker &and two noun phrases.

Westenberg, 2000; Vigliocco & Nicol, 1998). It Figure la illustrates the single-stage account
is compatible with computational models prowhere a simple choice among the three struc
posed by Kempen and Hoenkamp (1987) ardres is made. Figure 1b illustrates the domi-
De Smedt (1990). To understand the differengg&nce-only account, where the first stage in:
between the single-stage and dominance-onkplves selecting between a dominance-only
accounts, let us consider the choices to be madgresentation consistent with the DO analysis
in the production of dative sentences. In fact, aknd a dominance-only representation consister
ternating dative verbs are compatible with threwith the PO and shifted analyses and where th
constructions, namely PO, DO, and a shiftesecond (linearization) stage involves selecting
construction illustrated in (1): between the PO and shifted analyses if the ar

(1a) The racing driver showed the extremely dirty and propriate choice is made at_the first stage. .

badly torn overall to the mechanic. (PO) We suggest that the dominance-only and sin-

(1b) JQ,?] éf\cg;rgt darlir:/srbzg?vni?ntf;serxlcfzggg the ex- gle—stage achunts can be distinguished usin

(1c) The ra¥:ing)(ljriver shoxed to the méchanicthe ex- syntgcnc p“mmg' Priming effects appe‘f"r t.o

tremely dirty and badly tomn overall. (shifted) provide evidence fpr levels Qf repregentgﬂon in
language production (Branigan, Pickering, &

In ashiftedconstruction like (1c), the prepo-Cleland, 2000a; Branigan, Pickering, Liv-
sitional phrase precedes the noun phrase. érsedge, Stewart, & Urbach, 1995; Pickering &
English, such sentences occur consistently Branigan, 1999). For one stimulus to prime an-
corpora and are acceptable but relatively rarether, the stimuli must have related representa
Wasow (1997) estimated their occurrence in th®ons at some level of structure to which the
Brown corpus at 5.6% of eligible sentences. Thmgnitive system is sensitive. There is evidence
occurrence of shifted constructions appears that priming is sensitive to representations usec
be closely linked to the length and new informaat both early and late stages in formulation.
tion content of the direct object noun phrasBock et al. (1992) found that after producing a
(hence the alternative name for the constructiosentence with an animate subject, participants
“heavy NP shift”). Indeed, when the nourwere more likely to produce another sentence
phrase is longer than the prepositional phragéth an animate subject. For example, a passive
and conveys new information, shifted construsentence with an animate subject was primed by
tions may actually be produced more frequentlgn active sentence with an animate subject a
than PO constructions (Arnold, Wasowgcompared to an active sentence with an animat
Losongco, & Ginstrom, 2000). Shifted con-object. These results provide evidence for prim-
structions have been the subject of both linguigig of the mapping of conceptually specified el-
tic and psycholinguistic investigation (e.g.ements to grammatical functions at a stage of
Arnold et al., 2000; Hawkins, 1994; Stallingsformulation that precedes constituent structure
MacDonald, & O’'Seaghdha, 1998). generation.

According to standard analyses, all three sen-Priming effects during single-word produc-
tences have different (fully specified) contion have also provided substantial evidence
stituent structures. In (1a), the verb phrase combout the representations that are implicated ir
prises a verb followed by a noun phrasphonological encoding, following syntactic en-
followed by a prepositional phras¥¢ NP PPB; coding. For example, Roelofs and Meyer
in (1b), it comprises a verb followed by two(1998) demonstrated priming effects based or
noun phrases\( NP NB; and in (1c), it com- number of syllables and stress pattern, and Se
prises a verb followed by a prepositional phrasald, Dell, and Cole (1995) demonstrated prim-
followed by a noun phras& (PP NB. But (1a) ing of the structure (as opposed to the phono-
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FUNCTIONAL LEVEL
PO SHIFTED DO
VP[V NP PP] VP[V PP NP] VP[V NP NP]
(e.g., showed a torn (e.g., showed to the (e.g., showed the
overall to the mechanic) mechanic a torn overall) mechanic a torn overall)
a
FUNCTIONAL LEVEL
PO/Shifted DO Dominance-Only Level
VPV, NP, PP] VP[V, NP, NP]
PO SHIFTED DO Linearized Level
VP[V NP PP] VP[V PP NP] VP[V NP NP]
(e.g., showed a torn (e.g., showed lo the (e.g., showed the
overall to the mechanic) mechanic a torn overall) mechanic a torn overall)
b

FIG. 1. Single-stage and dominance-only accounts of constituent structure formulation. (a) Single-stage ac-
count. (b) Dominance-only account. PO, prepositional object; DO, double object; VP, verb phrase; V, verb; NP,
noun phrase; PP, prepositional phrase.

logical content) of syllables (see also Costa &entation can be mapped onto more than ont
Sebastian-Galles, 1998). These experimeniater level of representation. This means that it
suggest the existence of a level of representahould be possible to prime the construction of
tion concerned with syllable structure (Sevaldonstituent structure in the single-stage ac-
et al., 1995). Other evidence from priming hasount. In the dominance-only account, it should
provided support for the existence of represere possible to prime both the construction of
tations concerned with morphological structur¢he dominance-only representation and the con
(Roelofs, 1996) and perhaps grammatical gemstruction of the linearized representation.

der (Jescheniak & Levelt, 1994; but cf. Van Hartsuiker et al. (1999) and Hartsuiker and
Berkum, 1997). Westenberg (2000) found syntactic priming of

Thus, we propose that any level involved invord order (in Dutch). In Hartsuiker et al.

constituent structure encoding should be sengit999), participants tended to perseverate in th
tive to priming. More specifically, priming production of “locative-inverted” sentences
should occur whenever an earlier level of represuch as “Op de tafel ligt een bal” (*On the table
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is a ball”) or their uninverted counterparts. Irthe single-stage and dominance-only accounts
Hartsuiker and Westenberg (2000), participan®hey employed PO, DO, and shifted primes
tended to perseverate in the production of seffmedial datives,” in their terminology) and a
tences ending with a main verb followed by abaseline condition that should not prime any
auxiliary or sentences ending with an auxiliarjorm of the test sentence. The baseline conditiol
followed by a main verb. Hartsuiker and Westdsed intransitive primes and constituted the firs
enberg argued that the alternatives have théals in the experiment. Shifted constructions
same hierarchy of constituents and functionalre more common in Dutch than in English, anc
relations and, in particular, that their findingso participants produced reasonable numbers ¢
cannot be explained in terms of conceptual diRO, DO, and shifted target responses.
ferences in topic—comment order. They argued According to the single-stage account, shiftec
that these word order priming effects imply thaiarget responses should be increased by a shifte
the syntactic procedures associated with placipgime relative to a PO, DO, or baseline prime
words in their appropriate positions are primedhut should not be increased by a PO prime rela
More specifically, they claimed that their resulttve to the baseline prime; and PO target re-
demonstrate priming from a dominance-onlgponses should be increased by a PO prime rel
representation to an ordered representation (i.8ve to a shifted, DO, or baseline prime but
during linearization). should not be increased by a shifted prime rela
An alternative explanation of these findings iive to the baseline prime. According to the
that the fully specified constituent structure remominance-only account, shifted target re-
resentation is primed. Hartsuiker and Westesponses should be increased by a shifted prim
berg (2000) argued that such an explanationrslative to a PO, DO, or baseline prime (due tc
incompatible with priming effects obtained fodinearization priming); and PO target responses
active/passive transitives (e.g., Bock, 1986). Ashould be increased by a PO prime relative to
tives and passives differ at the functional levedhifted, DO, or baseline prime. However, the ef-
so that if, for example, the conceptual represefects of a PO prime on shifted target response
tation is of lightning striking a church, and if theand of a shifted prime on PO target response
subject role is assigned lightning and the ob- cannot be predicted without knowledge of the
ject role is assigned tohurch then the only strength of priming at the dominance-only and
possible sentence type is an active one suchliagarization levels. Under some assumptions, i
“Lightning is striking the church.” In such casesPO prime will increase the proportion of shifted
constituent structure is predetermined by fundarget responses and vice versa. But if a P(
tional relations. Thus, such priming effects apsrime has a weak effect at the dominance-onl
pear to be due to the priming of functional reldevel but a very strong effect at the linearization
tions rather than to constituent structurdevel, then the proportion of shifted target re-
However, although their argument might exsponses will actually be reduced relative to the
clude a constituent structure priming accourtaseline: Thus, both accounts predict priming
for actives and passives, it does not demonstrafects due to repeating the same constructior
that constituent structure priming never occurs.
Hence, the findings of Hartsuiker et al. (1999) To make this more concrete, assume “baseline” weight-
and Hartsuiker and Westenberg (2000) are COiﬁgs of .5 for PO/shifted and .5 for DO at the dominance-

only level and .8 for PO and .2 for shifted at the linearization

sistent with both a multistage account, as th%(/el. This translates into .4 PO responses, .5 DO response

argued, and a single-stage account. One way£f .1 shifted responses. If a shifted prime increases th
distinguishing between these accounts would Ip@/shifted weighting to .6 at the dominance-only level and

to determine whether two forms prime eacle shifted weighting to .4 at the linearization level, then the

other when they share hierarchical relations bffoportions become .36 PO responses, .40 DO response
differ in word order and .24 shifted responses. Thus, the shifted prime has de

. creased the proportion of PO responses. It should be cle:
In other work, Hartsuiker and Kolk (1998)ihat different assignments of weightings lead to different

presented results that are compatible with boplatterns of responses.
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The single-stage account predicts no priming &ationale for Experiments
shifted responses by PO primes or vice versa.

The dominance-only account is compatible W'tBriming to distinguish the dominance-only and

positive or negatllve priming or ho priming. single-stage accounts. But it might be possible
In two experiments, Hartsuiker and Kolk o )

. ) to do so by considering constructions that are

(1998) found increased shifted target responses " - elv used as taraet responses. This ma
following a shifted prime and increased PO tar- y y 9 P '

get responses following a PO prime (in accorltc)jehthgtci‘.c’e W'tht thle S?gg%d c;onst(;u::rflcin n tEng
with both accounts). In one experiment, they> - =@lings et al. ( ) foun at partici-

found a numerical increase in shifted responségmS prqduce_d shifted sentences _in a produc
following a PO prime versus a baseline primé',on task in which they were told which phrases

but in the other experiment they did not. In wd° use but cguld choose the.order themselve:
owever, their task used particularly long noun

experiments, they found a numerical increase - )
rases that are known to induce shifted order

PO responses following a shifted prime versus. ) .
a baseline prime. If these numerical increast!!y often (Hawkins, 1994). In tasks that in-

are significant (no statistics were conducted ofp!Ve freer production, shifted forms may be ex-

these comparisons), then this provides sorf€Mely rare in comparison to PO and DO

support for the dominance-only account. How!eMs- _ _
ever, Hartsuiker and Kolk’s baseline primes all Our experiments used free production for tar-

were produced at the beginning of the exper@®t responses. Participants simply had to com
ment, and the combined proportions of PPlete sentences after being presented with a sul
DO, and shifted target responses after PO, D{§Ct and verb (e.g., “The racing driver showed
and shifted primes were considerably higher- ). Previous studies using the same methoc
than after baseline primes (15% in Experimem@ve not led to the production of shifted forms
1 and 9% in Experiment 2). Thus, participantg3ranigan, Pickering, & Cleland, 1999; Brani-
may have been primed through the course 8fn, Pickering, Stewart, & McLean, 2000b; Pick-
the experiment to produce one of the three tafting & Branigan,1998). However, we con-
get response categories (rather than other grained production of prime sentences so tha
sponses), or they may have been primed atshifted sentences would regularly be produced
stage in production in which PO, DO, andtis possible that including a shifted prime will
shifted responses do not differ relative to ininduce some shifted target responses via syntac
transitive primes to produce one of these cattic priming, but probably fairly infrequently (see
gories of response. Experiments 2-4); note in particular that partici-
In summary, two multiple-stage accounts gpants undertaking the sentence completion tas
constituent structure generation have been prasually produce short completions.
posed. The deep-structure account, which islIf people produce shifted constructions as
compatible with proposals in transformationgbrime responses but the probability of producing
grammar, is difficult to reconcile with the syn-shifted target responses is close to zero, then tr
tactic priming findings of Bock et al. (1992)predictions of the dominance-only and single-
and Bock and Loebell (1990). The dominancestage accounts become clearly distinct. In the
only account is also compatible with proposalsingle-stage account, there is simply a binar
in theoretical linguistics, although its inspirachoice between PO and DO target response, wit
tion comes from nontransformational accounts PO prime increasing the proportion of PO tar-
such as generalized phrase structure grammget responses and a DO prime increasing th
Some experimental and computational reproportion of DO target responses. The single:
search is compatible with this proposal, alstage account predicts that shifted primes shoul
though Hartsuiker and Kolk’s (1998) findingshave no effects on the production of PO target re
can also be interpreted in terms of the singlsponses relative to a baseline. In contrast, th
stage account. dominance-only account predicts that both PC

At this point, it appears hard to use syntactic
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and shifted primes should increase the likelihodthe primes to investigate whether priming oc-
that the PO/shifted representation is activated airs for both PO and DO structures and employ
the dominance-only level to a similar extent. Bearitten sentence completion (Branigan et al.,
cause shifted responses are hardly produced, E)99; Pickering & Branigan, 1998). On the
such activation should proceed to the PO reprbasis of Experiment 1, which shows balancec
sentation at the linearized leTherefore, both priming effects, Experiments 2 to 4 include a
PO primes and shifted primes should prime ttehifted prime condition, which allows us to con-
production of PO responses to a similar extenttrast the single-stage and dominance-only ac

Thus, evidence from syntactic priming expereounts. Experiment 2 directly contrasts PO, DO,
iments may allow us to distinguish the singleand shifted primes in written production. Exper-
stage and dominance-only accounts. If the dorimment 3 adds a baseline condition to allow a di-
inance-only account is correct, then the P@ct comparison between shifted and baselin
prime (1a) and the shifted prime (1c) have thgrimes. Experiment 4 is similar to Experiment 3
same representation at the dominance-ongxcept that responses are spoken rather the
level. Thus, according to the dominance-onlwritten and that participants repeat the preambils
account, (1a) and (1c) both should prime thas well as complete the sentence (Branigan ¢
production of PO sentences, whereas (1h)., 2000b).
should prime the production of DO sentences.
This prediction holds whether priming is biased EXPERIMENT 1
or balanced. -

In contrast, the single-stage account impIiel:s);""rt'c'p"’mts
that shifted sentences and PO sentences do noA total of 27 participants from the University
share a common representation. Hence, und#rGlasgow community took part.
the single-stage account, (1c) should not prime
PO target responses (or, of course, DO target f&ems

sp_onses). If priming is balanc_ed, then the shifted we constructed 24 sets of items. Each com
prime (1c) should behave differently from theyrised two sentence fragments (see Appendix).

PO prime (1a) and the [,)O prime (1b) a_nd (2a) The racing driver showed the torn overall . . .
should behave more similarly to a baseline (PO-inducing prime)

prime than either of these. Thus, if there are no(2b) The racing driver showed the helpful mectzani.
other (nonsyntactic) priming effects on these  (DO-inducing prime) S
constructions, then the shifted prime should be(2) The racing driver fainted . ... (baseline prime)
A . . . (3) The patient showed . . .
indistinguishable from a baseline prime.

Note, however, that if priming is biased, then The first fragment (2a—c) was the prime; the
no difference is necessarily predicted betweerecond fragment (3) was the target. The prime
the shifted prime and the PO prime. If only théragment was designed to induce a PO comple
DO prime had any effect on target productiorijon, a DO completion, or an intransitive com-
then the shifted prime should behave like the P@etion (the baseline condition). All fragments
prime, just as in the dominance-only accountontained a subject noun phrase and a verb. |
Thus, a prerequisite for using priming to distinthe PO- and DO-inducing conditions, the prime
guish the single-stage and dominance-only afragment contained a postverbal noun phrase
counts is that the PO construction can beomprising a determiner followed by a noun, a
primed, as predicted by the balanced account.noun compound, or an adjective and a noun

Hence, our first purpose was to determin€his phrase always had the same verb and tr
whether priming is balanced. Experiment 1same syntactic structure across conditions fo
therefore, uses PO, DO, and (intransitive) bastitese two versions of an item. The baseline con

dition employed a different verb, which was

2 Formally, the weightings at the linearization level arStandardly used intransitively. The target frag-
close to 1 for PO and 0 for shifted. ment consisted of a subject noun phrase and
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verb, which was the same verb as in the PO- atitere were at least four trials between one targe
DO-inducing conditions of the prime. completion and the next. Note that Branigan e
For the PO- and DO-inducing conditions, wel. (1999), using written sentence completion,
manipulated the postverbal noun phrase in tlieund no long-term priming when four trials in-
prime fragment to induce PO or DO completervened between prime and target, and so it i
tions. In (2a), the postverbal noun phrase ishaghly unlikely that any effects would carry over
plausible patient but an implausible beneficiarfrom one trial to another in this paradigm. Even
for the action denoted by the verb. Therefordf,they did, baseline trials were preceded equally
participants should be likely to complete theseften by PO and DO (and previous baseline) tri-
fragments using the PO construction, where tlads.
postverbal noun phrase is the patient of the verblinstructions on the front page of the booklet
(e.g., “The racing driver showed the torn overaixplained that we were interested in seeing wha
to the team manager”). In (2b), the postverbabrts of sentences people produce and that pa
noun phrase is a plausible beneficiary but an irtieipants should complete the fragments in any
plausible patient. Therefore, participants shoulday they liked, ensuring that they produced a
be likely to complete these fragments using tlgrammatical sentence. The instructions stresse
DO construction, where the postverbal nouocompleting each fragment as quickly as possible
phrase is the beneficiary of the verb (e.g., “Thaith the first completion that came to mind. Par-
racing driver showed the helpful mechanic theécipants were told to fill in the booklet in order,
damaged tyre”). Sentences such as (2c) were @éthout leaving out any fragments.
signed so that participants could produce intran-
sitive sentences, but obviously a range of corfyocedure
pletions were possible (actual examples of Participants were given a booklet to complete
baseline completions include “The grandmotheand were told to hand it back to the experi-
ached all over” and “The car salesman snored aenter when they were finished. The experi-
he slept”’) The experimental items employedenter answered any questions that the partic
seven verbs (see Appendix). Previous expepants had. The experiment took about 25 min.
ments showed that participants were likely to
produce both PO and DO completions for these¥0NY
verbs without producing a high proportion of We always scored the first legible completion.
other constructions. Each baseline prime completion was scored as
The experimental items were placed intbaseline (i.e., none was excluded). For all othe
three lists, each comprising eight items fromprime completions plus all target completions,
each condition, such that one version of eathe completions were scored as POs, DOs, C
item appeared in each list. In addition, we corfethers.” They were scored as POs if the dative
structed 96 filler fragments (48 noun phrasegerb was immediately followed by a noun phrase
followed by a verb and 48 noun phrases fothat acted as the patient or theme and then by
lowed by a verb and a noun phrase). None of tieepositional phrase beginning withthat acted
filler fragments contained a verb that could bas the beneficiary. They were scored as DOs |
completed with a PO or DO construction. Somthe verb was immediately followed by a noun
verbs appeared in more than one filler fragmemthrase that acted as the beneficiary and then by
We constructed 27 nine-page booklets of 144oun phrase that acted as the patient or theme.
fragments consisting of 48 experimental fragaddition, the dative verb could not form part of a
ments (i.e., 24 items) and the 96 filler fragmentphrasal verb (e.ghanded ovein “The architect
Each page (except the last page) contained B@nded the latest plan over to the builder”). A
fragments. The order of fragments was individysrime completion was scored as a PO only if it
ally randomized for each booklet, with the coneompleted a PO-inducing fragment and was
straint that at least 3 filler fragments intervenestcored as a DO only if it completed a DO-induc-
between experimental items. This means thaty fragment. For example, if a participant com-
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pleted a DO-inducing prime fragment as a PO TABLE 1
(e.g., completing “The headmaster gives the Results
naughty pupils” with “to his assistant”), then itg,periment  Prime completion  Target completion
was scored as an other. A target completion was
scored as a PO or DO only if it had a grammati=

PO targetratio  Other

cal alternative in the other category where the 1 gg gf 2391
order of the patient and beneficiary was reversed. Baseline 62 37
All other completions were scored as others. 2 PO 72 .27
DO 46 26

Design and Data Analysis Shifted 61 .32
- 3 PO 68 .28

Every participant completed 24 target frag- DO 44 31
ments, 8 in each of the three priming conditions Shifted .60 .32
defined by the three levels of the prime comple- Baseline 61 40
tion factor (PO vs DO vs baseline prime com- 4 gg Zg 1281
pletion). Every experimental item was presented Shifted ‘59 o6
to all 27 participants, with 9 participants seeing Baseline 62 27

any one version of an item.
We first analyzed the results for the other tar-
get completions to determine whether the com-

bined proportion of PO and DO target complePO target completions in each of the priming
tions was comparable across primin onditions. This measure was the proportion o

conditions. Thus, we compared the proportio O target completions divided by the sum of the

of other completions following PO prime com-Proportion of PO target completions and the

pletions, the proportion of other completiond’roportion of DO target completiorisive call

following DO prime completions, and the pro_this the PO target ratio. We employ this measur

portion of other completions following baseling®€cause it allows us to compare priming be
prime completions. We computed the relevariveen condmons_, in cases where.the proportion
proportions by dividing the number of other tarf Other completions are not equivalent.

get completions following PO prime comple-gag its and Discussion

tions by the total number of PO prime comple- . ,
tions (i.e., PO prime completions followed by Participants produced POs, DOs, or baselin

other, PO, and DO target completions), dividingqmpletions.for the prime fragments on 92% of
the number of other target completions follow!1a!S (596 trials); of these, 30% were PO com:
ing DO prime completions by the total numbeP!€tions, 34% were DO completions, and 36%
of DO prime completions (i.e., DO prime com-Vere baseline completions.
pletions followed by other, PO, and DO target We co_nS|de_red the proportions of other targe
completions), and dividing the number of othefOMPpletions first. Table 1 shows that such com
target completions following baseline primgPletions are numerically more frequent after
completions by the total number of baselinbaseline primes than after PO or DO primes
prime completions (i.e., baseline prime comple! NS trend was not significarfty(2,52) = 2.61,
tions followed by other, PO, and DO target com- , . . .

letions). These proportions were calculated f In fact, thls_|s equ_lv_alentto computing the number of PO
p : prop qgrget completions divided by the sum of the number of PO

each participant and for each item. Analyses @frget completions and the number of DO target comple-
variance (ANOVAs) were performed on theseions. Our discussion is in terms of proportions because the
data, with separate analyses treating participarigans reported all are in' terms of proportions. Thg use o
(Fl) and items Ez) as random effects. The PO rather than DO is arbitrary because the p‘roportlons are
o . . complementary. Note that the (overall) proportion of PO tar-
analyses were W'thm'SUbleCtS and W'_thm"tem et responses PO target ratiox (1 — others) and that the
We then computed a measure designed to dgoportion of DO target responses(1 — PO target ratio)

termine the relative proportions of PO versuél — others).

Note PO, prepositional object; DO, double object.
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p = .08,MSe= .052;F,(2,46)= 1.97,p = .15, Participants

MSe=.047. A total of 30 participants from the University
ANOVAs on the PO target ratio revealed agf Glasgow community took part.

effect of prime completionf,(2,52) = 12.07,

p < .001,MSe= .036;F,(2,46) = 12.21,p < ltems

.001,MSe = .034. Newman—Keuls tests, treat- We constructed 24 sets of items. Each com

ing both participants and items as random efirised two sentence fragments (see Appendix).
fects, revealed that all three ratios differed from ;. 1he racing driver showed the torn overall . . .

each other (albs < .05). (PO-inducing prime)
Experiment 1 demonstrates that priming is a (2b) The racing driver showed the helpful mechanic
two-way effect. PO target completions (rela- - - - (DO-inducing prime)

. . (2d) The racing driver showed to the helpful me-
tive to DO target completions) were more fre- chanic . . . (shifteg-inducing prime)

quent following PO prime completions than (3) The patient showed . . .

following baseline prime completions and The it h h in E .
were less frequent following DO prime com- € 1tems were theé same as those In Exper

pletions than following baseline prime Com_ment 1 except that the baseline condition (2c’

pletions. In other words, both PO prime comy/as replaced by the shifted prime condition

pletions and DO prime completions affecteéIZd)_’ which Waf intendgd to ir_1duce shifted com-
the likelihood of producing a PO target Cc)mpletlons (e.g., “The racing driver showed to the

pletion on the subsequent trial. Indeed thléelpful mechanic the serious problem with his
magnitude of priming was similar in b’othcar that had developed”). The critical character-

cases: The overall 25% priming effect (PO taiStic of these _p_rimes is that they induce the orde
get ratio following PO prime completionsverb’ prepositional phrase, or noun phrase, nc

minus PO target ratio following DO prime‘t‘hat th”e noun p_hrask;el IS elspeﬁlfﬂly Iongd_or
completions) was due to a combination of Aﬁeavy (see scoring below). In all three condi-

14% priming effect of PO prime completion Ions, prime_ and target shared the same verb_.;
(relative to baseline prime completions) an tal of 96 filler fragments were constructed in

an 11% priming effect of DO prime comple—t & same way as in Experiment 1.

tions. o Procedure, Scoring, and Design and Data
Experiment 1 also shows an intriguing, but ppalysis

nonsignificant, trend toward a higher proportion

of other target completions following baseline These were the same as Experiment 1 excej

primes than following either PO or DO primesin the following respects. A shifted-inducing

We return to this in Experiment 3. prime was scored as a shifted prime completior
if the completion contained a patient (or theme)
EXPERIMENT 2 noun phrase (and other otherwise). There wa

Experiment 2 investigated whether shiftel0 requirement for this noun phrase to be long
primes, containing a prepositional phrase folthe prime completion factor had three levels
lowed by a noun phrase, behaved like PO vs DO vs shifted prime). Note that target
primes. Because Experiment 1 supported balompletions that employed the shifted construc:
anced priming, such a finding would providdion were scored as others. Such cases were e
strong evidence for the dominance-only adremely rare and are discussed separately belo\
count. However, it is also possible that shifte . .
primes do not behave like PO primes. Ther(l}('jg(':'SUItS and Discussion
fore, this experiment employed three condi- Participants produced POs, DOs, or shiftec
tions, just like Experiment 1, but replaced theompletions for the prime fragments on 94% of
baseline prime condition by the shifted primdrials (680 trials); of these, 31% were PO com-
condition. It also included PO and DO primepletions, 35% were DO completions, and 34%
conditions. were shifted completions. Two cells on the par-
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ticipants analysis in the DO prime completioitems
condition were empty and, therefore, were re- \ye constructed 32 sets of items. Each com

placed by the grand mean. _ _ prised two sentence fragments (see Appendix).
The proportions of other completions did not

differ across conditions (boBs < 1.2). ANOVAs (23 ;fgi;zizgl dri\r/ien:e?howed the torn overall . . .
on the PO target ratio revealed a significant effect,;) e racing %r?ve, showed the helpful mechanic
of prime completionF,(2, 58)= 9.59,p < .001, ... (DO-inducing prime)

MSe= .052;F,(2, 46)= 17.64,p < .001,MSe= (2c) The racing driver sneezed very . . . (baseline
:032). Newman-—Keuls tests revealed that al three(2d) F')I'rrilnt;"v:zclc:ing driver showed to the helpful mechanic
ratios differed from each othep K .05) except T -

that the difference between the PO and shifted(s) 'T'h'e(fgfffft ZSSV‘CL”(? ,?r!me)

prime conditions was marginal on the participants ) ) .
analysis | = .065). Participants produced shifted 1N€ ittms were based on those in Experi-
target responses on three occasions, all of théffNts 1 and 2 and employed all four conditions
following a shifted prime (with two being from within a single experiment. In (2a,b,d) but not

the same participant). '

in (2c), prime and target shared the same verb
These results demonstrate that shifted primd&€ Paseline prime included an adverb such a
do not produce the same proportion of PO targét"y after the verb. There were 128 fillers (48
completions as do PO primes. In other words, 3PUn Phrases followed by a verb, 56 noun
least some component of the representation frases followed by a verb and a noun phrase
PO sentences that brings about syntactic primifgnoun phrases followed by a verb in @cleft

is not replicated in the shifted prime sentencegOnstruction [e.g., “It was the park warden who

Therefore, this is compatible with the claim thagPotted . . "], 8 noun phrases foII?wed by a
no dominance-only representation is constructe¥ro in aWhC"ift construction [e.g., “What the
However, it is possible that both the intermediatdd hated . . "], and 8 noun phrases followed

representation and a final ordered representatigy @ verb and a noun phrase in an extrapose
produce priming. In that case, we would expect gpnstruction [e.g., “The waiter msulteo! the cus-
find a priming effect in the shifted prime condifomer yesterday who . . "]). We included
tion but reduced relative to the PO prime condihese somewhat unusual sentence types so th
tion. This explanation is unlikely for two reasonsthe shifted-inducing primes would be less con-
First, the PO target ratio in the shifted conditiofP!CUOUS.
(61%) was roughly halfway between the PO tar-
get ratios in the PO and DO conditions (72% and
46%, respectively). Second, the pattern was very
similar to that in Experiment 1, where the base- A shifted-inducing prime was scored as a
line condition also fell roughly halfway betweershifted if the completion contained a patient (or
the other conditions. Thus, the shifted conditiotheme) noun phrase (and other otherwise). Th
in Experiment 2 behaved very similarly to thgrime completion factor had four levels (PO vs
baseline condition in Experiment 1. But to detef@O vs shifted vs baseline). The experiment took
mine whether baseline primes and shifted primedout 35 min.
produce equivalent PO target ratios, it is neces- _ ]
sary to compare shifted and baseline conditiof€Sults and Discussion
within a single experiment. The prime was completed as POs, DOs
shifted, or baseline on 92% of all completions
(1,759 trials); of these, 22% were completed a:
PO primes, 25% as DO primes, 26% as shiftec
primes, and 27% as baseline primes. Two cell:
A total of 60 participants from the Universityon the participants analysis, one in the PO prime
of Glasgow community took part. completion condition and one in the DO prime

rocedure, Scoring, and Design and Data
Analysis

EXPERIMENT 3

Participants
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completion condition, were empty and, thereproperties (related to the fact that they can con
fore, were replaced by the grand mean. stitute alternative ways of describing the same
For the other target analyses, ANOVAs reevent). This contrasts with the baseline primes
vealed a main effect of prime completién(3, which describe very different kinds of events.
177)= 6.83,p < .001,MSe= .024;F,(3,93)= Thus, PO, DO, and shifted prime completions
6.05, p < .001, MSe = .015. In accord with involved three arguments, whereas baseline
Table 1, Newman—Keuls tests showed that pazempletions did not involve three arguments.
ticipants produced more other target compldhe PO and DO target completions involved
tions following baseline prime completions thathree arguments. Hence, it is possible that thi
following PO, DO, or shifted prime completionssecond priming effect reflects priming of the
(all ps < .02) but that the other three conditionproduction of a particular number of arguments.
did not differ (allps > .19). However, the current analyses do not test thi
Table 1 also shows that the PO target ratigsrecisely because the definitions for scoring
differ across conditions. ANOVAs confirmedprime completions were not expressed in term:
this observationF,(3,177)= 14.18,p < .001, of number of arguments. Therefore, we con-
MSe= .042;F,(3,93)= 13.88,p < .001,MSe= ducted argument analysesin which we re-
.026. Planned comparisons demonstrated thstored a prime completion as a PO if it com-
shifted prime completions differed from POpleted a PO-inducing fragment and resulted in
prime completionsF(1,59) = 4.44,p < .05, sentence containing one main verb with exactly
MSe= .039;F,(1,31)= 4.83,p < .05,MSe= three arguments. For example, we allowed com
.027, but they did not differ from baseline primepletions containing phrasal verbs, completions
completions (both=s < 1.0). Participants pro- that involved prepositions apart frotn, and
duced a shifted target response on two occaempletions involving different thematic roles.
sions: one following a shifted prime and one folSimilarly, a prime completion was scored as a
lowing a DO prime. In accord with the patternDO if it completed a DO-inducing fragment and
found in Experiments 1 and 2, shifted primeesulted in a sentence containing one main ver
completions did not appear to prime in the wawith exactly three arguments and was scored a
that PO prime completions did, and shiftedh shifted if it completed a shifted-inducing frag-
prime completions behaved similarly to baselinenent and resulted in a sentence containing on
prime completions. Thus, there was no sign thahain verb with exactly three arguments. It was
shifted prime completions served as a prime fagcored as a baseline if it completed a baseline
PO target completions. inducing fragment and resulted in a sentence
The analysis of other completions demorcontaining a single main verb that did not in-
strated that participants produced more PO amdlve three arguments.
DO target completions (combined) after they Second, the priming conditions differed with
had produced PO, DO, or shifted prime compleespect to the number of entities that were in-
tions than after they had produced baselin@lved in the event described. PO, DO, anc
prime completions. This appears to be a secostifted prime completions (as originally scored)
priming effect that is not directly related to theypically described events involving three enti-
syntactic priming effect demonstrated by thées, whereas baseline completions typically de:
tendency to produce PO target completions fabcribed events involving one entity. However,
lowing PO prime completions and to producéhere were some exceptions to this because tf
DO target completions following DO primeoriginal scoring was not in terms of the number
completions. Instead, some property shared by entities involved. In thentity analyseswe
PO and DO target completions is primed by PQgcored a prime completion as a PO if it com-
DO, and shifted prime completions but not bpleted a PO-inducing fragment and resulted in ¢
baseline prime completions. It is impossible teentence containing one main verb associate
be certain of the source of the priming. Clearlyith exactly three entities. An entity was de-
the PO, DO, and shifted primes share marfined in terms of a head noun. For example
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“The racing driver showed the torn overall thabaseline condition and the other conditions wa:
cost him the race during the interview” wouldesponsible for the effect. For example, the
count as a PO becaute torn overall that cost baseline primes used different verbs from the
him the racenvolves one head noun addring targets, whereas the PO, DO, and shifted prime
the interviewcontains the head noumterview used the same verb as the targets. However, it
Note that the entities could be abstract (e.ginclear why this difference should affect the
temporal expressions). The completion wagsroportion of others.
scored as a DO if it completed a DO-inducing A possible concern with Experiments 2 and 3
fragment and resulted in a sentence containiigythat participants might sometimes have failec
one main verb associated with exactly three eto notice the prepositioto after the verb and,
tities and was scored as a shifted if it completdtus, read the fragment as a DO-inducing prime
a shifted-inducing fragment and resulted in Hthis were the case, then they would have effec
sentence containing one main verb associattkely produced a DO completion on those occa-
with exactly three entities. It was scored as sions and, hence, the DO structure would be
baseline if it completed a baseline-inducingrimed. Therefore, it is conceivable that the lack
fragment and resulted in a sentence containinggha priming effect for the shifted sentences in
single main verb that was not associated withxperiment 3 might have been because partici
exactly three entities. pants sometimes completed the shifted-inducing
Both argument and entity analyses producqaime fragment as a shifted sentence and som
almost identical results to the main analysetimes completed it as a DO sentence. For this t
The proportions of other responses barely diirave happened, participants would have to hav
fered from the main analyses, and the statistioatitten a DO completion to a shifted prime suffi-
significance of all effects remained the sameiently often that the two priming effects would
Thus, Experiment 3 demonstrated two differeritave “canceled out.” The possibility that partici-
types of priming. The effect of the form of thepants systematically misinterpret the prime car
prime on the PO target ratio is a syntactic prinstraightforwardly be tested by using an experi-
ing effect. Within this general priming effect, itmental task in which the preposition to has to be
showed that a shifted prime had the same effaejproduced. Because writing out 160 complete
as a baseline prime and, therefore, that it did ne¢ntences is too laborious for participants, we
facilitate the production of PO target completurned to spoken production for Experiment 4.
tions. But the experiment also showed that par-
ticipants tended to produce PO or DO target EXPERIMENT 4
completions more often after PO, DO, or shifted Experiment 4 was a replication of Experiment
prime completions than after baseline prim8 except that spoken sentence completion wa
completions. Further analyses suggested that tmployed, participants were required to repro-
production of a prime either containing three aduce the preamble as well as complete the prim
guments or referring to three entities facilitatedentence, and a computerized timed procedur
the production of a PO or DO target, which conwvas used (as in Branigan et al., 2000b). Note that
tained three arguments and referred to three exomparison of the results of Experiments 3 and
tities. This priming effect appears to reflect praallows us to determine the extent to which spokel
cessing before choice of syntactic analysis wasd written sentence completion methods pro
made, although it is impossible to localize thduce similar results. Some evidence suggests th
effect precisely. Therefore, it provides some ete be the case (Hartsuiker & Westenberg, 2000)
idence for the suggestion that participants i@ther evidence suggests that the relationship be
Hartsuiker and Kolk’s (1998) experiments mayween the methods may be more complex. Brani
have been primed to produce three-argument gan et al. (1999) found strong priming with writ-
three-entity responses by a PO, DO, or shifteédn sentence completion so long as no sentenc
prime versus a baseline prime. It is possible, aftervened between prime and target, but the)
course, that some other difference between théso found that priming rapidly decayed if even
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one sentence intervened between prime and teept that a response was scored as an other if tl
get. In contrast, Branigan et al. (2000b) founftagment was incorrectly repeated.

that priming persisted over an intervening sen- )

tence in spoken sentence completion. This resfESIgN and Data Analysis

is in accord with Bock and Griffin (2000), who These were the same as in Experiment 3. Th
found that syntactic priming persisted over ggrime completion factor had four levels (PO vs
many as 10 trials in the (spoken) picture descripO vs shifted vs baseline).

tion method (Bock, 1986). Results and Discussion

Participants The primes were completed as POs, DOs

A total of 32 participants from the Universityshifted, or baseline on 86% of all responses (87
of Edinburgh community took part. trials); of these, 23% were completed as PC
primes, 24% as DO primes, 26% as shiftec
primes, and 28% as baseline primes. One cell o

The items in this experiment were identical tthe items analysis, in the PO prime completion
those in Experiment 3 (see Appendix). condition, was empty and, therefore, was re-
placed by the grand mean.

For the other target analyses, ANOVAs re-

This experiment was presented usingealed a marginal main effect of prime comple-
PsyScope software (Cohen, MacWhinneyion, F;(3,93) = 2.45,p = .07, MSe = .027,
Flatt, & Provost, 1993).[AU4] ParticipantsF,(3,93) = 2.54,p = .06, MSe = .027. Al-
were told that we were interested in seeinpough there were numerically more others fol-
what sorts of sentences people produce. Thiewing baseline primes than following the other
were instructed to read out loud the sentencenditions, a planned comparison of the base
fragments and then complete the sentence line prime condition and the mean of the other
any way they liked, ensuring that they producecbnditions was not significant (bgps > .10).

a grammatical sentence. Each experimentalTable 1 shows that the PO target ratios diffel
trial consisted of a fixation point{”) appear- across conditions. ANOVAs confirmed this ob-
ing at the side of the screen for 1,000 ms. Théervation,F,(3,93) = 8.49,p < .001,MSe =
was then replaced with a sentence fragmen®40;F,(3,93) = 6.94,p < .001,MSe= .035.
The first letter of the first word of the fragmenHence, the usual syntactic priming effect oc-
appeared in the location where the fixationurred in this experiment. Planned comparison:
point had been. The fragment remained in tldemonstrated that shifted prime responses dif
screen for 7,000 ms. The screen was théered from PO prime responses;(1,31) =
cleared, and after a 1,000-ms delay, a beep @c99,p < .05, MSe = .040; F,(1,31) = 4.41,
curred. A further delay of 1,000 ms occurreg¢ < .05, MSe = .042, but they did not differ
before the next item was presented. from baseline prime responses (bBth< 1.0).

Participants took part in a short practice eXn accord with the pattern found in Experiments
periment before the experimental session. THeto 3, shifted prime responses did not appear t
practice session consisted of 10 sentence fragime in the way that PO prime responses did
ments similar in structure and length to the filleand shifted prime responses behaved similarl
items used in the experimental session. The dn-baseline prime responses. Thus, there was r
tire experiment took about 25 min and containesign that shifted prime responses served as
two breaks, the duration of which was under tharime for PO target responses.
participants’ control. The prepositiorto in the shifted prime was
missed on five prime trials (with one participant
accounting for four of these trials). A shifted re-

The tape for each participant was transcribexponse was given in the target on five occasion:
and scored. Scoring was as in Experiment 3 etxvo after a DO prime response (both from the

Items

Procedure

Scoring
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same participant), two after a shifted prime responses, and none followed either PO or baselin
sponse, and one after an other prime respons@rime responses (but recall that there was n
In conclusion, the results of Experiment 4 arbaseline condition in Experiment 2). Although
comparable to those of Experiment 3. The ethese small numbers make statistical analysi
fects in this experiment cannot be due to particiisky, the data suggest that shifted target re
pants failing to notice the preposition in thesponses are more common following shifted
shifted prime condition. The results, thereforggrime responses than following PO prime re-
provide further support for the claim that shiftegponses and perhaps that shifted target respons
primes behave similarly to baseline primes witdo not occur more often following PO prime re-
respect to the proportions of PO and DO targsponses than following DO prime responses
responses produced. They also lend supportTbese findings suggest that the production o
the claim that written sentence completion arshifted responses is affected by the prior produc
spoken sentence completion (together with réien of shifted responses but not by the prior pro-
production of the preamble) produce comparauction of PO responses. This is in accordanc
ble results and, therefore, are likely to bwith the single-stage account but not the domi-
equally valid methods for using syntactic primnance-only account. Note that the small propor-
ing to investigate language production. tion of shifted target responses may suggest th:
participants do not normally produce shifted sen-
GENERAL DISCUSSION tences in conditions comparable to those in thi
Experiment 1 demonstrated that priming wasxperiment (e.g., isolated sentence completion)
balanced so that it was possible to prime bothso, then participants may be producing shifted
PO and DO forms in relation to a baseline (thgrime completions in a way that is dissimilar to
was not completed as either a PO or a DO). Egentence production in the other conditions (anc
periment 2 showed that shifted primes did naisewhere). However, the fact that participants
behave like PO primes; production of PO targelid produce (grammatical) shifted prime comple-
completions was less common following shiftetions just as often as they did PO, DO, and base
prime completions than following PO primeline completions provides good evidence that
completions. Experiment 3 confirmed thashifted sentences are unusual but completely a
shifted prime completions behaved like baselingeptable (as argued in other work, e.g., Hawkins
prime completions with respect to the product994; Stallings et al., 1998).
tion of PO versus DO target completions. Ex- However, our data show that the likelihood of
periment 4 found similar results to those of Exproducing a shifted target response is nearl
periment 3 when participants orally repeated theero. The data are compatible with the single-
preamble and completed the sentence. stage account because the shifted prime bea
Shifted target responses were extremely ranep special relationship with PO target response
presumably because the construction is fairly uany more than with DO target responses. The
common in English. They are more commoare hard to reconcile with the dominance-only
when the final noun phrase is particularly long account because the effect of a shifted prime
“heavy,” but such completions were not encoulike that of a PO prime, should be to increase the
aged by the experimental methods used (in cometivation of the PO/shifted dominance-only
parison, e.g., to the methods used by Stallingsreide (Fig. 1a). Because the likelihood of pro-
al., 1998). Hence, syntactic priming does not aphicing a shifted response is (nearly) zero, all o
pear to be strong enough to cause this tendencyhe increased activation at the PO/shifted nod
be systematically overruled. In Experiments 2 tshould benefit the production of PO target re-
4, there were a total of 10 shifted target responsgsonses. Thus, PO and shifted primes should n
(produced by eight different participants). Ofliffer in their effects on PO target responses
these 10 responses, 1 followed an other prime @d both should differ from baseline primes. In
sponse. Of the other 9 responses, 6 followddct, shifted primes behaved like baseline
shifted prime responses, 3 followed DO prime rgsrimes rather than like PO primes.
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Together, the experiments reported in thign the model of the lemma stratum, in particu-
paper provide evidence for the single-stage alar, by characterizing the way in which it en-
count, whereby language production involvesodes syntactic information that is associatec
the mapping of a pre-syntactic representation with lexical entries. This information includes
a representation that is fully specified syntactimajor) category information (e.g., houn, verb),
cally. Our experiments specifically suggest thdiatural information (e.g., number, person,
production does not involve the computation dense), and combinatorial information. Combi-
a dominance-only level of representation. Alnatorial information specifies the way in which
though other multiple-stage accounts are i@ word can combine with other linguistic units
principle possible, the results provide no reasdn form possible expressions of the language
for adopting such models. Thus, a verb such agve can combine with ar-

Our conclusion appears to run counter to trguments (e.g.the man the book to the boy
conclusion of Vigliocco and Nicol (1998). Fol-that correspond to the participants in the actior
lowing Bock and Miller (1991), there is consid-denoted by the verb. Pickering and Branigar
erable evidence that the verb sometimes ermproposed that the lemma stratum encodes thi
neously agrees with non-head nouns within iaformation by means of lemma nodes, repre-
complex subject such aselicoptersin “the senting the base form of words, and syntactic
flight of the helicopters.” Vigliocco and Nicol property nodes, which are connected to the
(1998) found that such errors were just as corfemma nodes via labeled links.
mon when the subject noun phrase followed the For example, the lemngiveis connected to
verb (e.g., “Were the flight of the helicoptershe syntactic category nodeerb and various
safe?”) as when it preceded the verb (e.g., “THeatural nodes such as present tense, past ten:
flight of the helicopters were safe”). From thissingular number, and plural number. The verk
they inferred two separate stages in grammatigabde is activated whenewgiveis activated, and
encoding, with the first stage involving the comthe relevant feature nodes are activated as aj
putation of hierarchical structure and functiongbropriate. Thus, when the forgivesis used in a
relations in the absence of ordering informatiorsentence, the present tense and singular numb
On their account, subject—verb agreement onedes are activated. The lemrgave is also
curs during the first stage. However, it is alslinked to combinatorial nodes that are activatec
possible that agreement may have been comhen the verb is used in a particular syntactic
puted before the computation of hierarchicalonstruction. Pickering and Branigan (1998)
structure, for instance, at the functional level aproposed that theP,NPnode is activated when
sumed by Bock and Levelt (1994). giveis used in the DO construction (e.g., “give
the boy a book”) and that ttP,PPnode is ac-
tivated whergiveis used in the PO construction

So far, we have interpreted our results ife.g., “give a book to the boy”). However, they
terms of the levels of representation employedid not commit to a precise specification of the
during the production of utterances. The resultsrcumstances under which particular nodes
also shed light on production from a somewhatere activated. One issue concerns whether th
different perspective, namely the nature of theodes correspond to traditional subcategoriza
lexical representations accessed during produmn frames or whether they are activated when
tion. Roelofs (1992, 1993) and Levelt et alever the verb is associated with appropriate
(1999) argued that this lexical information igphrases, which can be either arguments or ac
represented at three levels or strat@oacep- juncts of the verb. Pickering and Branigan notec
tual stratum(containing semantically specifiedthat Bock and Loebell’s (1990) findings provide
concepts), &mma stratunfencoding syntactic some evidence for this latter account (but cf.
information), and avord form stratum(encod- Potter & Lombardi, 1998).
ing morphological and phonological informa- The evidence against a dominance-only rep
tion). Pickering and Branigan (1998) expandeksentation suggests that the nodes are spec

Combinatorial Nodes in the Lemma Stratum
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fied for the order of phrases. This suggests thstructed earlier levels of representation (e.g.
there are three different nod@$P,NP, NP,PR,  functional structure), they are ready to make ¢
and PP,NP. The processor appears to make ehoice about which construction to use. Prim-
straightforward choice among the three nodesg affects the choice of structure. It appears
at a single stage during production. Selectidimat construction of syntactic structure takes
of a verb lemma is associated with selection giace in a single stage. In this respect at leas
a combinatorial node that mandates construtie number of levels of representation em-
tion of a fully specified constituent structureployed during sentence formulation is mini-
Hence, it appears that once people have camized.

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 after
slash. The second sentence contains the baseline prime from Experiment 1. To reconstruct the shifted-inducing pri
add the wordo after 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.

The mother gave the expensive toy/the hungry baby. The mother sneezed. The air hostess gave.
The architect gave the latest plans/the cheerful engineer. The architect sneezed. The teacher gave.
The lecturer gave the book/the professor. The lecturer coughed. The shopkeeper gave.
The hostess handed the dessert/the guests. The hostess hiccupped. The news agent handed.
. The efficient secretary handed the long fax/the grumpy businessman. The efficient secretary sneezed. The litt
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 loanec
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 sg
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 f:
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 showed.
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 handed.
24. The builder lent the drill/the surveyor. The builder snored. The hairdresser lent.

apwdE

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 after
slash. The second sentence contains the baseline prime. To reconstruct the shifted-inducing prime, adtbthe wor
after the verb in the DO-inducing fragment (e.g., “The racing driver showed to the helpful mechanic” in item 1). Th
final sentence contains the target fragment.

The racing driver showed the torn overall/the helpful mechanic. The racing driver sneezed very. The patient shc
The youngster showed the toy/the teacher. The youngster clapped extremely. The private detective showed.
The lifeguard showed the lifebelt/the surfer. The lifeguard yelled quite. The inventor showed.

The cricket player showed the ball/the umpire. The cricket player yelled very. The car mechanic showed.

prwNE
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5. The efficient secretary handed the long fax/the grumpy businessman. The efficient secretary sneezed extreme
The little girl handed.
6. The grandmother handed the big present/the little girl. The grandmother yawned very. The tennis fan handed.
7. The hostess handed the dessert/the guests. The news agent handed. The hostess snored rather. The news a
handed.
8. The bank manager handed the cheque/the customer. The bank manager yelled extremely. The junior surgeon
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 explorer
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 poste
17. The blackmailer posted the incriminating photos/the sleazy journalist. The blackmailer laughed extremely. The
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. The
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 noveli
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 sent.
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 granddaug
sent.
28. The young woman loaned the necklace/the teenager. The young woman grumbled rather. The motorist loane
29. The researcher posted the detailed questionnaire/the eager journalist. The researcher snored rather. The per:
manager posted.
30. The spy sold the stolen documents/the foreign diplomat. The spy grumbled rather. The shop assistant sold.
31. The florist gave the huge bouquet/the startled butler. The florist giggled rather. The pharmacist gave.
32. The receptionist lent the spare key/the busy assistant. The receptionist clapped very. The Coast Guard lent.
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