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We investigated the lexicalization of syntactic knowledge in two reading experiments, one us-
ing a moving window paradigm and one measuring eye movements. Our study was motivated
by Spivey-Knowlton and Sedivy’s (1995) finding that verb class, and by implication frequency
information, determined how easily a prepositional phrase (PP) was attached to a verb phrase
(VP) or to a direct object noun phrase (NP). Because they found longer reading times for
NP-attached PPs than for VP-attached PPs following action verbs, and the reverse pattern for
psych/perception verbs, their data seem to demonstrate that adjunct slots and their frequencies
are encoded in the lexical entry of the verb. Such detail is consistent with a highly lexicalized
parser, in which both argument and adjunct slots are represented in the lexical entry of each
phrasal head. However, we came to different conclusions after using stimuli that were very
similar to those used in Spivey-Knowlton and Sedivy, but that compared temporarily ambigu-
ous sentences with unambiguous versions. We essentially replicated the Spivey-Knowlton and
Sedivy results using temporarily ambiguous sentences, though the results were not robust in
the item analyses. In contrast, with unambiguous versions, we found lexical frequency effects
for argument PPs, but not for adjunct PPs. These findings indicate that the lexicalization of
syntactic knowledge is limited to argument structure. More generally, this work offers ad-
ditional support for the distinction between structure generation and selection, and illustrates
how factors differentially affecting those processes may be explored empirically.

Keywords: parsing, argument structure, sentence comprehension, constraint-based lexicalist
models

Traditional theories of language processing maintain thatome out of the constraint-based work is the idea that pars-
syntactic analysis, or parsing, is accomplished by a specialng can be accomplished without a special-purpose parser
purpose mechanism using categorical rules (e.g., FraziefBates & Goodman, 1997; Kim, Srinivas, & Trueswell, 2002;
1987; Frazier & Rayner, 1982; Frazier & Clifton, 1996). MacDonald et al., 1994). Instead, phrase structure trees
Over the last ten years, the constraint-based lexicalist apr the equivalent are stored lexically, as suggested in Mac-
proach, exemplified by Trueswell, Tanenhaus, and Garnseponald et al. (1994), or as implemented in a Lexicalized
(1994) and MacDonald, Pearlmutter, and Seidenberg (1994Jree-Adjoining Grammar (LTAG) (Kim et al., 2002; Sch-
has emerged as an influential alternative and has generataties & Joshi, 1991; Srinivas & Joshi, 1999%r in Vosse
considerable interest. Constraint-based parsing combinesaad Kempen'’s (2000) Unification Space parser. As words
number of features, including a highly lexicalized grammarare recognized, stored syntactic structures are made avail-
and the simultaneous use of constraints from multiple levable. Most words are associated with multiple trees, and a
els of representation. One of the most intriguing ideas taignificant component of parsing is reduced to lexical am-
biguity resolution—the selection of the appropriate lexical
form from a set of alternatives. The relative frequency of
_ the alternatives, for a given lexical item, plays a central role
_ This research was supported by NSF grant SBR-9729056 to thg, the selection process, because it influences how strongly
first aqthor. The first experiment was cor_lducted while the flrsteach alternative is made available (see, for example, Mac-
and third authors were at Rutgers University. The second exper- ' '
iment was conducted while the first author was at the University ————— . ) )
of Louisiana at Lafayette. Thanks to Suzanne Stevenson for many = Although LTAG is not designed to emulate human (incremen-
useful discussions and for initially pointing out examples like thoset@!: €ft-to-right) parsing, it is an example of a strongly lexicalized

in (12). We are also grateful for guidance from Keith Rayner anddrammar _ir_1 which the syntactic representations in the_ lexicon are
{WO anonymous reviewers. well specified. In Kim et al. (2002), the LTAG formalisms have

been utilized in a model of human parsing.
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Donald, 1993; a contrasting account appears in Frazier dogically empty lexical items is irrelevant; the crucial feature
Rayner, 1987). is that the adjunct rules or adjunct structure is not linked to

Within a fully-lexicalized approach, parsing is a matter particular verbé.
of connecting the trees by matching nodes via a general- If only arguments, and not adjuncts, are lexically speci-
purpose unification mechanism (Vosse & Kempen, 2000)fied, a fully lexicalized parsing system is probably not vi-
For example, the treelets in Figure 1 would allow for parsingable. An alternative is a partially lexicalized parsing system
of the sentence in (1) using a lexical unification mechanisnin which arguments are attached via the lexical unification

alone. mechanism, while adjuncts are attached via non-lexicalized
phrase structure rules. Under this approach, the (d) treelet
Q) Kim kissed the baby repeatedly in the park. of Figure 1 would not be allowed. The lexical unification

mechanism could still handle the attachments connecting the

The NP node of the treelet in (a) would be unified with thearguments of the vertiKjm-kissed-the-bafjyand the prepo-
open NP on the left side of the treelet in (d). The NP node irsition [in-the-parR using the remaining treelets, but the PP
(e) would be unified with the NP node to the right of the verbcould not be attached to the VP without invoking a second
in (c), and so forth. Note that, in (d), slots for both possiblerule-based mechanism for adjunct attachment. This dual
arguments and possible adjuncts are specifikildsed Pre-  mechanism account, which we will call the Argument Struc-
sumablykissedwould be associated with a large number of ture Hypothesis, suggests that processing differences might
other treelets identifying other possible structures not illusbe found between arguments and adjuncts. Our approach
trated in Figure 1. Of course, not all possible treelets wouldshares much with Ford, Bresnan, and Kaplan’s (1982) ac-
be equally available. In lexicalist accounts, the availabilitycount which emphasized lexical preferences while maintain-
of each alternative tree associated with a given lexical itening a role for rule-based processes. We focus below on a fully
is assumed to be weighted by frequency. This has imporexicalized constraint-based model, but we will discuss the
tant implications for syntactic ambiguity resolution. If the relationship of the Argument Structure Hypothesis to other
(c) form of kissedoccurs more frequently than the (b) form, theoretical approaches in the general discussion.
we would expect a garden path in intransitive sentences that When considering processing differences between argu-
contain a direct-object/subjectc ambiguity, sucMésen the  ments and adjuncts, psycholinguists have given prepositional
politicians kissed the babies crieth fact, frequency should phrases (PPs) special attention (though see Liversedge, Pick-
influence the parsing of sentences without a temporary ambering, Branigan, and Van Gompel (1998) for an exception),
guity as well. This is a critical point to which we will return pecause it is possible to construct sentences in which a PP’s
shortly. status as argument or adjunct is locally ambiguous . For ex-

Including adjunct information in the lexicon, as in (d), de- ample, Clifton, Speer, and Abney (1991, see also Speer &
parts from a longstanding distinction between arguments an@lifton, 1998) manipulated both argument status and attach-
adjuncts in linguistic theory. Arguments denote entities thatment site of the critical PP, as illustrated in (2). The critical
are part of the essential predicate-argument structure, as FP is underlined.
(b) and (c). For example, a kissing event includes both a kiss-
er and a kiss-ee, so boKim andthe babyare arguments of 2)
kissedin (1). The head of a phrase—in our examgissed

a. [VP argument] The saleswoman tried to interest
the man in a wallet .

is the head of the verb phrase—specifies an argument struc- b. [NP argument] The man expressed his interest
ture (or set of argument structures) that denotes possible ar- wt N -
guments via subcategorization frames and thematic roles. In c. i[rYZ h%?JrL;/nCt] The man expressed his interest

contrast, adjuncts are modifiers such as prepositional phrases
(in the park, adverbial phrasesdpeatedly, and relative
clauses. Contrary to (d), adjunct modifiers are not tradition-

ally specified in the lexical entry of the noun or verb that they, , yheir experiments, attachment site influenced local read-

modify because lexical properties of the head do not restriciy times on the PP, but argument/adjunct status did not.
the type or number of possible adjuncts. Rather, adjuncts argp_aiached PPs were read faster than NP-attached PPs, but

Eanctic(;(}gdd t%y general gyntactic_rulgsg such as any VP Calyq ment status had no effect until the region after the PP,
e modified by a PP, and constrained by semantic propertieg;pqre argument conditions were faster than adjunct condi-

such as the disallowance of two contradictory adjuncts (ruljgng ~ clifton et al. suggested that the PPs were initially at-

ing out ate in the living room in the dining roopbut allow- 5 cheq to the VP (as an argument) using the Minimal Attach-

ing | ate at the table in the dining room in my house in ANN ot Sirateqy (Frazier, 1978). When detailed lexical infor-
Arbor) Under some approaches, these general rules have

probabilities associated with them (e.g., Crocker & Brants, 2 A possibility that we do not test in the current paper is that co-

2000). L¢X|callst approaches that have been mflueryced BYccurrence frequencies between a particular adjunct and a lexical
construction grammar, such as Jackendoff (2002), might deyead are stored on the adjunct tree rather than on the tree associated
scribe these general syntactic rules for adjunct attachment &gth the lexical head. Because the number of verbs each adjunct
phonologically empty pieces of lexical structure. In terms ofclass co-occurs with is very large, such an encoding scheme might
the current paper, the distinction between rules and phondse quite cumbersome, though logically possible.

d. [NP adjunct] The saleswoman tried to interest
the man in his fifties. .
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Figure 1 Lexicalized syntactic trees that would allow for the parsiniiofi kissed the baby repeatedly in the park.

mation was evaluated, adjuncts (and NP arguments) had t@ttachment is locally ambiguous.

be reanalyzed, causing the downstream effect of argument The predictions of each hypothesis can be illustrated using
status. In contrast, other researchers have found local effecfse VVP-attached stimuli in (2a). Under the Argument Struc-
of argument status (see Schutze & Gibson, 1999, and Britture Hypothesis, recognition of the vertierestwould make
1994). Schutze and Gibson took their findings as support fogvailable a set of trees, corresponding to possible argument
a parsing strategy that stipulates a preference for argumestructures. These would include (nonexhaustively) the argu-
attachments over adjunct attachments, as in Abney (1989nent structures shown in (3). The bracketed thematic roles
What both the Clifton et al. and the Schutze and Gibsorand phrasal categories describe the verb’s VP-internal argu-
accounts share is the assumption that general (non-lexicaents (e.g., direct object) which are underlined in the exam-
parsing strategies determine how PP attachment ambiguitigsfes. The thematic role outside of the brackets describes the
are resolved. implicit subject of the infinitive. So in (3a)physicsis the

. . .. theme of thdnterestevent andlim is the experiencer, or in
In contrast to these studies which focused on amb'gu'%ther words, physics is what interested Jim

resolution, the focus of the current paper is on the mecha-
nisms supporting PP attachment in both locally ambiguoug3)  a. theme< experiencer NP> Physics managed to

and locally unambiguous sentences. More specifically, we interest Jim
explore the evidence for the specification of adjuncts in the b. agent< experiencer NP, theme PP The pro-
lexical entries of verbs, taking instrument PPs as our test fessor managed to interest Jimphysics

case. We contrast the Argument Structure Hypothesis, in

which only arguments are lexically represented, with the FullThe ease of integrating the VP-argument PP into the syntactic
Lexical Representation Hypothesis, in which both argumentstructure is a function of how available the argument struc-
and adjuncts are represented in the lexical entries of theture in (3b) is, relative to other argument structures associ-
heads. The Argument Structure Hypothesis maintains thadted withinterest The relative frequency of each argument
PP attachment is accomplished via a lexicalized unificatiorstructure, for that verb, is one factor assumed to influence
mechanism if and only if the PP is an argument, predictinghe relative availability of the argument structures. Other
that there should be frequency effects (reflecting the availfactors would include the thematic fit of any previously en-
ability of the PP-argument form of that verb) for argumentcountered arguments. If all other factors were equal, read-
PPs, but not adjunct PPs, independent of whether or not PiRg times on the VP-argument PP should be strongly influ-
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enced by the relative frequency of (3b). In contrast, the cotinction. They behave like arguments on some linguistic tests
occurrence frequency betweerpressedh (2¢) and a man- and adjuncts on others. Like Spivey-Knowlton and Sedivy,
ner adjunct, such a® a hurry, should not predict reading we assume that the instruments in the current study are in fact
times on the VP-adjunct PP in (2c), because under the Arguadjuncts, but some action verbs no doubt do take instrument
ment Structure Hypothesis there is never an argument struerguments (seeKoenig, Mauner, & Bienvenue, 2003).
ture (or corresponding lexical tree) in which an adjunct is Before describing the current study, we first review some
specified. Rather, a general (non-lexical) rule must be usedf the literature on lexical frequency and high-level context
to attach the adjunct PP to the developing syntactic structureffects. In doing so, we outline a strategy for distinguishing
Under the Full Lexical Representation Hypothesis, the sebetween the two types of constraints. This strategy depends
of trees made available bigiterestandexpresseavould in-  crucially on contrasting locally ambiguous stimuli with un-
clude a set of adjunct options also, as in (4) and (5b-c). Folambiguous versions.
lowing MacDonald et al. (1994), we assume that the argu- . . .
ment/adjunct distinction would be lost, althougtyuments  Constraints on Syntactic Generation vs. Con-
would correspond to those phrases that occur fairly consisstraints on Syntactic Selection

tently across the set of possible trees. For example, the theme . . .
PP in (2a) would probably be consistent with more lexical- There is abundant evidence that both major category and

ized trees than the manner adjunct in (2c), and if so, shoul§ubcategory information are specified in the lexicon and
be read more quickly. Crucially, both types of PPs wouldMade available via word recognition (Garnsey, Pearimutter,
be attached via the same lexical unification mechanism anlflyers, & Lotocky, 1997; Holmes, 1987; Holmes, Stowe, &

therefore both should be subject to lexical frequency effectsCupples, 1989; MacDonald, 1993; McElree, 1993; McRae,
Spivey-Knowlton, & Tanenhaus, 1998; Shapiro, Nagel, &

4) a. theme<experiencer NP, temporal PR The Levine, 1993; Spivey & Tanenhaus, 1998; Tanenhaus &
wallet seemed to interest Jiom Sunday Carlson, 1989; Trueswell, 1996; Trueswell, Tanenhaus, &
Kello, 1993) Much of this evidence comes from lexical fre-
quency effects on syntactic ambiguity resolution. From such
research, it is clear that various types of lexically-encoded
frequency information can influence either the initial avail-
ability of the syntactic alternatives or the selection of the best
syntactic alternative. Unfortunately, it is not possible to rely
upon the timing of frequency effects to adjudicate between
There are many potential difficulties in determining the these two alternatives, because syntactic selection (or under

relevant set of trees under the Full Lexical Representatiod Parallel account, the ranking of syntactic alternatives) is

Hypothesis and developing frequency-based predictions foRSsumed to occur very rapidly. _

phrases that have traditionally been called adjuncts. The The clearestevidence that lexical frequency influences the
stimuli in (2) are further complicated by the PP attachmentnitial stage of syntactic analysis rests upon lexical frequency
ambiguity and the fact that neither PP attachment nor argueffects in unambiguous structures. For example, Boland
ment status can be determined until the whole PP is read1997a) and Corley (1998) investigated syntactic category
The current study attempts to overcome some of these protnbiguities likeplay. They each found that encountering a
lems by examining instrument PPs that have already been afeXically ambiguous word in its less frequent form increases
gued to show lexical frequency effects when used with actioiéading time compared to encountering its more frequent
and psych/perception verbs. Spivey-Knowlton and Sedivyorm. To illustrate, a noun-verb homograph likéay oc-
(1995) found that action verbs are much more likely to occurcurs most frequently as a verb, and reading timespfay
with instruments and othewith-PPs than psych/perception are slower when it is used as a noun, compared to reading
verbs and furthermore that attachment preferences in tentimes for a noun-biased homograph litkeckeven when one
porarily ambiguous PPs are predicted by this frequency difcontrols for word length and overall frequency. Example sen-
ference. This finding that processing of high-frequency adiences are provided in (6) and the treelets are illustrated in
juncts is easier than processing low-frequency adjuncts i§igure 2.

c?)r)sgstent with Fhe Full Lexmql Represer_1tat|on Hypothe3|s(6) a. She sawaplay.

claiming that adjuncts and their frequencies are lexically en- b.  She saw a duck.

coded by verbs.

An alternative explanation of the Spivey-Knowlton and Frequency effects in syntactically unambiguous sentences
Sedivy (1995) finding, consistent with the Argument Struc-would be expected if syntactic alternatives are encoded as
ture Hypothesis, is that the purported lexical frequency efalternative lexical forms (Figure 2). Generation of a syntac-
fects are actually plausibility effects. A demonstration thattic representation requires accessing the appropriate lexical
Spivey-Knowlton and Sedivy’s instrument PPs do not ex-structure and unifying it with the developing tree. More fre-
hibit true lexical frequency effects would constitute strongquent lexical forms are more accessible during word recogni-
evidence that no adjuncts are lexically encoded, because ition. In fact, frequency effects in syntactically unambiguous
strument PPs lie near the border of the argument/adjunct disentences are the strongest possible evidence for alternative

(5) a. agent< theme NP> The man expressed
his interest
b. agent< theme NP, manner PPThe man ex-
pressed his interest a hurry.
c. agent< theme NP, location PB The man ex-
pressed his interest the mall
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lexical forms, because the effects must arise during lexicastructures, in both ambiguous and unambiguous structures
access and generation of syntactic structure. This distinctiofe.g., Garnsey et al., 1997; Holmes et al., 1989; McRae et al.,
between the generation of syntactic structure and syntactit998; Shapiro et al., 1993; Tanenhaus & Carlson, 1989). An
ambiguity resolution is explicitin some parsing theories (Alt- important question is whether comparable frequency effects
mann & Steedman, 1988; Boland, 1997b; Lewis, 1993) anadan be found for adjuncts. If so, it would suggest that lexi-
acknowledged as functionally necessary in others (Spivey &al structures contain more detail than traditional accounts of
Tanenhaus, 1998) argument structure. There have been few investigations ca-
Boland (1997a) has shown that the selection and/or attachpable of addressing this question, but some positive evidence
ment of lexical forms in syntactically ambiguous sentencesvas reported in the PP adjunct study of Spivey-Knowlton and
(i.e., the noun or verb form gflayin She saw her plgyisin-  Sedivy (1995). They manipulated attachment site, using both
fluenced by high level constraints such as discourse congruction verbs and psych/perception verbs, in sentences like (7)
ency. In contrast, lexical selection/attachment (of the nourand (8), respectively. Thus, it was structurally possible for
or verb form) in unambiguous sentences such as (6) is ndhe PP, which always began wittith, to modify either the
influenced by discourse congruency. In other words, lexicatlirect object NP or the entire verb phrase VP.
frequency affects lexical access and syntactic generation, b .
discourse congruency does not. Instead, discourse congrbi) ~ Action Verbs

ency plays an immediate role in ambiguity resolution (syn- a. [NP-attached] The mechanic changed a tire with
tactic selection) and a relatively late role in discourse coher- a faulty valve. .. _ o
ence processes. The syntactic component of this accountis ~ b.  [VP-attached] The mechanic changed a tire with
illustrated in Figure 3. To sum, immediate lexical frequency a monkey wrench. ..

effects should be found for both ambiguous and unambigu¢8)  Psych/Perception Verbs

ous input, while pragmatic/plausibility constraints should in- a. [NP-attached] The salesman glanced at a cus-
fluence syntactic analysis only for locally ambiguous input tomer with ripped jeans. ..

(as part of the selection process). . _ b. [VP-attached] The salesman glanced at a cus-
Boland and Blodgett (2001) found a_ddltlonal ewdent;e tomer with suspicion. . .
that lexical frequency constraints and discourse constraints
impact sentence comprehension in different ways. In an eye Using a phrase-by-phrase reading time paradigm, Spivey-
tracking experiment that used unambiguous target sentenc&nowlton and Sedivy (1995) found increased processing dif-
like those in (6), they found lexical frequency effects only in ficulty in the action-verb sentences when the PP modified
first-pass measures of processing difficulty, while discourséhe direct object rather than the VP. For example, the PP in
congruency effects were limited to second-pass measures. (da) would have been read more slowly than the one in (7b).
the absence of any alternative structures, discourse congrin contrast, they found the reverse pattern in sentences us-
ency had no impact on syntactic analysis. Rather, the seconifig psych/perception verbs: the PP in (8b) would have been
pass effects were presumed to reflect an anomaly within theead more slowly than the PP in (8a). The authors attributed
discourse-level representation. Together, these studies suidps effect to the fact that action verbs are frequently used
gest that it is possible to temporally separate high-level efwith VP-attachedvith-PPs that specify the instrument used
fects from lexical frequency effects when using syntacticallyto perform the action. In contrast, psych/perception verbs are
unambiguous sentences, even though lexical and discoursarely or never used with instruments, and their VPs are infre-
effects may occur simultaneously in locally ambiguous struc-quently modified by anwith-PP. Thus, the Spivey-Knowlton
tures. and Sedivy (1995) results are consistent with the Full Lexical
Of course, lexical frequency is not the only factor that in- Representation Hypothesis.
fluences syntactic generation. Under the Argument Struc- The Full Lexical Representation Hypothesis assumes that
ture Hypothesis, rule-based operations generate adjunct afP-attachment and NP attachment are the two structural al-
tachment options whenever possible. Because these adjuriernatives for PP attachment in sentences like (7) and (8).
rules are not associated with specific phrasal heads (e.g., spERese alternatives compete for support from all relevant con-
cific nouns or verbs), the co-occurrence frequency betweestraints. Spivey-Knowlton and Sedivy (1995) manipulated
the rule and the lexical head will not influence the availabil-two of these constraints: the frequency with whickvith-
ity of the structure. However, its availability is assumed toPP is attached as a VP adjunct for that verb class and def-
be modulated by structural factors such as decay and inteiniteness of the direct object NP. Other potentially relevant

ference (e.g., Van Dyke & Lewis, 2003; Lewis & Vasishth, — —— i i .
2004, submitted). The syntactic generation component in our approach could be

decomposed into at least three parts: frequency-weighted access to
. . . the appropriate lexical structure(s), rule-based generation of other
The Spivey-Knowlton and Sedivy (1995) Evidencgyammatical attachments, and a unification mechanism for integrat-
) . ) ing new structural information into the developing tree. Although
~ The claim that major category and subcategory informayye are not specifying here the particular mechanisms responsible
tion are lexically specified is not controversial in linguistic for each of these tasks, a possible mechanism for the first subcom-
theory, so it is not surprising that psycholinguists have foundhonent is the lexical disambiguation module in Crocker and Cor-
abundant evidence of lexical frequency effects for argumentey’s (2002) model.
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Figure 2 Syntactic alternatives encoded in alternative lexical formsSfw saw a ... play/duckhe dominant (higher frequency) forms
for duckandplay are shown in boldface.

T ne(Det N) ne(Poss N)
| Syntactic Selection | T
[Use all available constraints] | Syntactic Selection | | Syntactic Selection |
| Syntactic Generation | ne(Det N) ne(Poss N); s(NP VP)
[Frequency-weighted] | Syntactic Generation | | Syntactic Generation |
Lexical Input ...aduck ...her duck

Figure 3 The architecture of a parsing model distinguishing generation and selection (left). The representations generated by the model
are provided for an unambiguous example (center) and an ambiguous example (right).

constraints that were not intentionally manipulated includeKnowlton and Sedivy (1995) effects were found on the PP
the frequency that avith-PP occurs as an NP adjunct for does not, by itself, entail that these are lexical frequency ef-
the direct object, the plausibility of NP and VP modifica- fects. It is just as likely that a difference in the plausibility
tion using awith-PP, and the ease of interpreting instrumentof the structural alternatives caused the observed pattern. As
PPs versus other types of modifiers. The two structural alwe have demonstrated above, one must use locally unam-
ternatives, along with most of the constraint information,biguous structures to isolate lexical frequency effects from
would become available at the prepositiaith in (7) and  higher level effects.
(8). In the conditions that we highlighted above, Spivey-
Knowlton and Sedivy (1995) assumed that NP-attachment Second, the status of instrument PPs as adjuncts or argu-
won for psych/perception verbs and VP-attachment won foments is a long-standing controversy in linguistics, which
action verbs, due to the verb bias. Thus, their account sugemains unresolved (e.g., Gruber, 1965; Larson, 1988;
gests that adjunct slots, and the frequencies with which thelarantz, 1984). Thus, a demonstration that instrument PPs
are filled, are encoded in the lexical entry of verbs. Howeverare lexically encoded would not provide convincing evidence
there are several reasons to be cautious about drawing thétat most adjunct PPs are lexically encoded. More impor-
conclusion. tantly, the design of the experiment cannot support any con-
clusions about verb class effects. Because verb class was
First, under any constraint-based approach, the resolutionot manipulated within any single experiment and the lex-
of a syntactic ambiguity can be influenced by constraintdcal content of the PPs across the two sets of stimuli was
from any level of representation. The fact that the Spivey-not controlled, the critical interaction between verb class and



DISTINGUISHING GENERATION AND SELECTION 7

attachment site could not be tested. verbs, even before the prepositional object is encountered.
Furthermore, the fact that psych/perception verbs ocGranted, VP-attachedith-PPs don't always take the role of
curred only rarely with adjunawith-PPs does not by itself instrument. Both verb classes also allauwth-PPs denoting
generate the prediction that NP-attachment should be easigranner (e.g.changed/acknowledged with a smit a co-
than VP-attachment in sentences like (8). Under a frequencyparticipant (e.g.with his brothe). With could also be used
based account, the ease of NP-attachment should be prieere as a subordinating conjunction (evgth his wife away
dicted most strongly by the frequency with which the di- on business Because each of these possibilities is a rela-
rect objects takavith-PP adjuncts—something that was ap- tively unconstrained adjunct, we assume that they are evenly
parently neither measured nor controlled across verb typeslistributed for the two verb classes.
Thus, the critical frequency-based prediction for verb class In order to distinguish between these two explanations,
was simply that VP-attachment should be easier in sentencege included a set of conditions in which all else was not
like (7b) than (8b). Unfortunately, this prediction was neverequal. We created maximally unambiguous conditions, in
tested in Spivey-Knowlton and Sedivy (1995), because navhich the attachment site was either obligatorially on the NP
experiments included verb type as a variable. (9) or strongly constrained toward the VP (10). Although the
Finally, one cannot simply conclude that Spivey- VP-attachment condition is not, strictly speaking, unambigu-
Knowlton and Sedivy (1995) found effects of verb bias, be-ous (as will be discussed in the materials section), we will
cause the semantic contribution of the PP was quite differentevertheless refer to both the NP-attached and VP-attached
for the action verbs (where the VP-attached PP provided anonditions illustrated in (10), (9), and (11) as unambiguous.
instrument of the action) compared to the psych/perceptiohe central predictions focus on (9). If the Spivey-Knowlton
verbs (where the VP-attached PP usually described thand Sedivy (1995) effect was due to the strength with which
agent's manner of performance). Perhaps it is simply easighe necessary lexical forms were accessed from the lexicon,
to process instrument PPs than manner PPs. This confourtiden the verb class effect should be found for (9), as well
is difficult to avoid, and we will discuss it further after pre- as for the (7b)/(8b) contrast. That is, reading times for the
senting our results. PP should be faster in the action verb condition than in the
psych/perception verb condition. On the other hand, if the
Experiment 1 verb class effect is actually the result of pragmatic influ-
ences on syntactic selection (ambiguity resolution), the ef-
The Spivey-Knowlton and Sedivy (1995) results imply anfect should be very reduced in (9). The conditions in (10) do
interaction between verb type and attachment site during theot contain the critical action and psych/perception verbs and
PP region, at least for their temporarily ambiguous materiwere included primarily to balance the experimental design.
als, illustrated by (7) and (8) above. They did not test this )
directly, because verb type was not manipulated within theif9) ~ Unambiguous NP-Attachment

experiments. We expect to see such an interaction in our a. The mechanic’s next project was a tire with a

temporarily ambiguous conditions, which are very similar to faulty valve. ..

their materials. If the expected interaction is observed, we b. The saleswoman’s concern was a customer with

can address the primary goal of the experiment, which is to ripped trousers. ..

distinguish between two alternative explanations for the i”'(lO) Unambiguous VP-Attachment

teraction. a. [Action] The tire that the mechanic changed
The Spivey-Knowlton and Sedivy (1995) account of the ' with a monkey wrench 9

interaction is that recognition of an action verb makes avail- b. [Psych/Perception] The customer that the

able a lexical structure that selecta/aih-PP; if such a struc-
ture is made available at all in the case of psych/perception
verbs, it is much weaker. This is consistent with the Full

Lexical Representation Hypothesis. Under the Argument |n reasoning thus far, we have followed Spivey-Knowlton
Structure Hypothesis, adjunct attachment slots are not reping Sedivy (1995) in assuming that the instrument PPs are
resented in the lexical entries of verbs. Therefore, bothygjuncts rather than arguments. If in fact, instruments are
NP and VP-attachment options are generated by rule regrguments, then we would expect to find argument structure
gardless of verb type, and syntactic selection processe&gequency effects for unambiguous structures like (9). Thus,
must choose the best candidate. As in constraint-based a@re need an additional pair of conditions, in which the PP is
proaches, we assume that syntactic selection is influenced Ry controversially an argument. In (11), the PP is the indirect
high-level constraints, e.g., pragmatic knowledge. In factgpject of the verb. However, the verb in (10a) takes an in-
VP-attgchment probqbly receivgs more pragmatic support iRirect object more often than the verb in (10b). We expect,
the action verb conditions than in the psych/perception verherefore, that the argument structure with the indirect object
conditions: facts about the world dictate that mechanics typsjot should be more accessible for verbs ldelegatethan

ically use tools to change tires, whereas salesmen do ngdr verbs likesuggestand reading times of the PP in (10a)
use any kind of instrument to glance at customers. Thusgorrespondingly faster.

all else being equal, VP-attachment ofaéth-PP is more
likely to be selected for action verbs than for perception(11) Datives: VP-Attachment

saleswoman acknowledged with a polite
nod...
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a. [High freq] The chores that the parents dele-perception/psych verb conditions contained somewhat more

gated to their kids were painless. frequent words than the action verb conditions, but the fre-
b. [Low freq] The chores that the parents sug-quencies were closely matched across attachment conditions
gested to their kids were painless. within verb class.
Unambiguously NP-attached versions of both the action
Methods verb items and the psych/perception verb items were formed

. : by replacing the critical verb with a copula, which cannot
Participants Forty undergraduates from Rutgers Univer- e : ! . .
sity completed the experiment. In both experiments, all Weré)ﬁ mo.cJ|f|et?] by abI?Ptalc\:lrlgss an |ﬂteg/en|ng N;' Thl_st_re?uweg
native speakers of English, with no reading disabilities, whee1@nging the subjec as well. because the critical ver

- o . was absent, any differences found between the unambiguous
participated for course credit in an introductory IOSyChOIOgyNP-attached cgnditions cannot be due to the differencges in

class. the verb-based preferences that drive most of our predictions.
Materials and Design There were three sets of critical ~ Strongly biased VP-attached conditions were formed by
items, corresponding to the three critical verb types: actiorironting the direct object, so that the critical verb was in a rel-
verbs, psych/perception verbs, and dative verbs. The first twative clause. Structural factors such as recency and complex-
verb types were crossed with both PP attachment site and déy lead to the VP-attachment preference. However, many
gree of local ambiguity. We included only two (high vs. low speakers find some NP-attached PPs grammatical as well.
indirect object frequency) unambiguously VP-attached conSome examples are provided in (12).
ditions for the dative verbs, as illustrated in (11). Examples . .
of all ten conditions are provided in Table 1. Slashes betweeﬁlz) a.  The toddler thgt tr;e lsalesl;wokman nlotlced with a
words demarcate phrases used for the phrase-by-phrase pre- b rur:my nose %n ?] or 91” I(')O dwa_shost. .
sentation. An example comprehension question is provided - The pizza that the girl sliced with pepperoni
for the dative item. The full set of experimental stimuli is in and extra cheese smel!ed delicious.
Appendix A. c. The ending that the director suggested to the

We adapted the action verb and psych/perception verb play was the favorite among the cast members.

materials from Spivey-Knowlton and Sedivy (1995) (who Nevertheless, the possibility that a small proportion of the
in turn, had adapted their action verb stimuli from Alt- pps in our VP-attached conditions could be initially attached
mann & Steedman, 1988). In our stimuli, all direct ob- tg the NPs only adds noise to our data—it does not introduce
ject NPs were indefinite, because Spivey-Knowlton and Sea confound that affects the interpretation of the results.

divy (1995) found a local NP-attachment advantage for The dative conditions had the same form as the unambigu-
psych/perception verbs only when the PP followed an indefy s vp-attached conditions. Sixteen item sets were formed
inite NP. We made some further adjustments to the Spiveygsing 31 dative verbss(iggesteavas used twice). The verbs
Knowlton and Sedivy (1995) stimuli in order to match the were divided into high and low frequency, on the basis of
stimuli across verb type as closely as possible. First, wgow frequently they were used with indirect objects in a
omitted eight of the original 32 action verb items, and added;gt of completion measures collected by Boland, Tanenhaus,
eight psych/perception verp items, resulting in 24 items_, for_Garnsey, and Carlson (1995) and Boland (1997b). The high
each verb type. Some action verbs had been used twice Wequency dative verbs were used with dative PPs 45% of the
Spivey-Knowlton and Sedivy (1995), and we eliminated du-tjme, while the low frequency datives were used with dative
plicates as much as possible. Second, we replaced particfeps only 12% of the tim#. Statistics were collected from
verbs (e.g.plew open with simple verbs from the appropri- the Brown corpus to provide converging evidence: the high
ate class. Six of the original 16 psych/perception verbs Wergequency dative verbs were used with recipient PPs 26% of
replaced in this way. (One of the verb + preposition items inyye time, while the low frequency datives were used with re-
the action verb grougut through slipped through our filter.)  cinient PPs 8% of the time. The nouns in the critical PP had
Third, the number of words and characters in the critical PPy mean Kucera and Francis (1967) frequency of 89, falling
was matched across conditions (mean = 3.5 words in all cometween the frequency of the nouns in the action verb and
ditions; NP-psych = 19.3 char, VP-psych = 19.5 Chari.'_\lp‘psych/perception verb conditions.

Act = 18.5 char; VP-act = 18.4 char). Fourth, we modified  Tne 64 critical items were randomly ordered with 77 filler
the post-PP region, so that all items contained a two-wordiems, for a total of 141 sentences. There were four condi-
temporal NP modifier (e.gthis morning immediately fol-  tions of each action verb item and each psych/perception verb
lowing the PP. We did this to control for processing diffi- jtem  so four experimental lists were created by rotating the
culty in the PP+1 region, because we anticipated lingeringonditions across the four lists. Each participant saw only
effects of the experimental manipulations. Word frequencygne Jist. In this way, each participant saw equal numbers
as well as length, is known to influence reading time. Thegf jtems from each condition, but only one version for each

adjectives in the critical PP had mean Kucera and FranCi§em. Because there were only two conditions for the da-
(1967) frequencies of 177 in the NP-psych condition, 232 in

the VP-psych condition, 81 in the NP-action condition, and 4 Table 3 provides complementary statistics for the likelihood of
78 in the VP-action condition. The corresponding means foa PP beginning witho (though not necessarily as a recipient) or a
the nouns were 106, 103, 41, and 39, respectively. Thus, thecipient phrase (either an NP or a PP).
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Table 1
Example stimuli with phrase divisions

NP-attached The mechanic/changed / a tire / with a faulty valve / this morn-
Temporarily ing / but it took / a while.
ambiguous VP-attached The mechanic / changed / a tire / with a monkey wrench / this
morning / but it took / a while.

Action verbs

NP-attached The car's problem /was / a tire / with a faulty valve / this morn-
Unambiguous ing / but the mechanic / fixed it.
attachment VP-attached The tire / that the mechanic / changed / with a monkey wrench
/ this morning/ had a faulty valve / on it.

NP-attached The saleswoman / acknowledged / a customer / with ripped

Temporarily trousers / Monday evening / and then / walked away.
ambiguous VP-attached The saleswoman / acknowledged / a customer / with a polite
nod / Monday evening / and then / walked away.
Psych/perception
verbs
NP-attached The saleswoman’s concern / was / a customer / with ripped
Unambiguous trousers / Monday evening / but he / walked away.
attachment VP-attached The customer / that the saleswoman / acknowledged / with a
polite nod / Monday evening / had already / walked away.
High freq The chores/ that the parents / delegated / to their kids / last week
Unambiguously / were very easy / to accomplish.
Dative verbs VP-attached Low freq The chores / that the parents / suggested / to their kids / last

week / were very easy / to accomplish.

Q: Were the chores simple? YES

tive verb items, those conditions went through two rotations To illustrate the materials construction, all four conditions
across the four lists. That is, each dative item appeared in thaf an item from the original stimulus list are provided in (13):

same condition on both List 1 and List 3, and appeared in the

other condition on List 2 and List 4. Yes/no comprehension(13) a. [Ambig, NP attached] The executive sought a

questions followed 76 of the sentences, to insure participants promotion with a salary increase last year but
were reading for comprehension. The intent was to query the he was fired instead.
participants about half the time, with questions distributed b. [Ambig, VP attached] The executive sought a
randomly throughout the stimulus list. None of the questions promotion with bold determination last year
after critical items referred to the materials in the critical PP but he was fired instead.
(see Table 1 for an example of a question for a dative item.) c. [Unambig, NP attached] The executive’s goal
For filler items, questions did sometimes probe the content, was a promotion with a salary increase last year
but not the attachment, of a PP. but he was fired instead.
d. [Unambig, VP attached] The promotion that

Plausibility norming To assess possible differences in the the executive sought with bold determination

plausibility of our materials that might affect the interpreta- last year did not come to pass.

tion of our results, we obtained plausibility ratings from 32

University of Michigan students who did not participate in  To assess the plausibility afith a salarymodifyinga pro-
either of the primary studies. Each experimental item wasnotionin (13a), we replaced the PP with a relative clause
transformed into an unambiguous sentence that conveyed tl@ntaining the same content, as in (14). The use of the rela-
same content as the experimental item up to the end of thigve clause forces modification of the NP.

critical PP. In this way, we were able to assess possible per-

ceived differences in the plausibility of the modifications in- (14) [NP modification/content verb] The executive
dependently of garden paths or other ambiguity effects. sought a promotion that had a salary increase.
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To assess effects of the slightly different lexical content ancand Sedivy (1995) found 90% VP-attachmentvath-PPs
the copula verb introduced in the unambiguous NP-attachefibr their action verbs in sentence completions. The discrep-
version, we used the same structure as in (13c), substitutingncy is explained because their participants were completing
the relative clause for the PP: fragments that included the prepositisith. Thus, Spivey-
o ) Knowlton and Sedivy (1995) were measuring how likely par-
(15)  [NP modification/copula verb] The executive’s goal ticipants were to resolve an attachment ambiguity as VP-
was a promotion that had a salary increase. attached. In contrast, our corpus data provides an estimate of

There was no difference in lexical content between the amthW frequently VP-attachedith-PPs orto-PPs occur with

biguous (13b) and unambiguous (13d) VP-attached version%1ese verbs.

up to the end of the PP, so (16) was used to assess the plqg-rocedure

sibility of the intended interpretation for both VP-attachment

conditions. In order to replicate Spivey-Knowlton and Sedivy (1995)
as closely as possible, we used a phrase-by-phrase reading
time paradigm, just as they did. The phrase divisions for each
condition were illustrated in Table 1. The first four condi-

The action verb materials were similarly modified. The da-ons are taken from Spivey-Knowlton and Sedivy (1995), so
tive conditions were used in unmodified form. This pro- W& used the same phrase divisions that they selected, except

duced 64 critical items that were mixed with the same 761at we had one additional post-PP region: Subject, verb, di-
filler items as the main experiments, ensuring that the back’€Ct Object, PP, PP+1, PP+2, PP+3. In our new conditions, we
ground context was the same across the experiments. ThefEeated similar phrase regions. We collected reading times
were three conditions of each action verb item and eacfQr the first six phrases in each critical sentence, ignoring
psych/perception verb item, so three experimental lists wer@"ly the last region.

created by rotating the conditions across the four lists. Each_Participants pressed a key on a response box to see each
participant saw only one list. In this way, each participantPrase, presented one at a time, moving window style. They
saw equal numbers of items from each condition, but onlyirSt completed eight practice trials. If participants had no
one version for each item. guestions or problems, they then completed the experiment

Participants rated each sentence on a scale of 1 (Conp_roper.' All participants completed the experiment in less
pletely implausible) to 7 (completely plausible). Table 2than thirty minutes.
summarizes the mean ratings. Participant and item means oqlts
were submitted to 8 (conditiony 3 (list) ANOVAs, which
revealed no differences across conditidAs€ 1, p's> .40). Comprehension accuracy was 90.1%. Mean reading time

It is important to note that these ratings assess the pewas computed by participant and by item for each condition
ceived plausibility of the content of the PP modification. at each region. Reading times greater than 2.5 standard de-
They are not online measures that can detect differences wiations from the participant or item mean were considered
the plausibility of partial interpretations that we hypothesizedoutliers and were replaced with the cutoff value. Participant
above may guide the selection process during PP attachmemieans were analyzed in standard factorial ANOVAs. For
in locally ambiguous cases. item analyses, we performed an analysis of covariance (AN-

COVA) using phrase length as a covariate.

Corpus Data To assess the frequency with which our
experimental verbs occurred with the target constituent, we ° Each item analysis was performed as follows. First, we fitted
100 tokens) of each verb. We then computed the proportio ariable was centere_d first by su_btractlng_lts mean. Interactions with
of tokens used with VP-attachauth-PPs for the transitive ength were noted (if any) and included in a simpler model of the
verbs and VP-attached-PPs for the dative verbs (including
PPs that were not instruments/recipients). We also computed ~ length + interactions with length + ambiguity (2)
the total percentage of tokens used with an instrument for ~ Verp (2)x attachment (2) list (4)
action verbs and a recipient for dative verbs (including in-The length covariate was entered into the model first. This analysis
struments/recipients that were not formulated like the targelas two advantages. First, it eliminates any possible confounds with
PP—e.g..The man cleaned his gun using a rag; The womanength from th(_a effects of our chtors of interest: we can be sure
gave the girl a cookie For the psych/perception verbs, we that any significant effects we find are not due to (linear) effects
calculated the proportion of tokens used with a constituenf’ '€ngth variance. Second, given that there is a small amount of
that, in our judgment, satisfied the same role as the target P ngth variance present in the materials, we can increase statistical

The mean proportions by verb class are given in Table 3 power by eliminating noise due to this variance. By testing for and
prop y 9 " including interactions with length in the final fitted model, we do not

The proportion of action-verb usage that includedith-  \o|ate the assumptions of parallelism inherent in simple ANCOVA
PP or an instrument role was lower than the frequency of anodels. For most of our analyses, the ANCOVA led to the same
to-PP or a recipient role in our low frequency dative condi-interpretation as an ANOVA ignoring length, but there were a few
tion. This may be surprising, given that Spivey-Knowlton examples of both marginal effects becoming significant (because of

(16)  [VP modification] The executive sought a promo-
tion, and he did so with bold determination.
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Table 2
Mean plausibility ratings for unambiguous versions of the experimental materials

NP modification NP modification

(content verb) (copula verb) VP modification
Action verbs 5.33(1.71) 5.40 (1.74) 5.33 (1.78)
Psych/Perception verbs 5.46 (1.71) 5.43 (1.77) 5.41 (1.79)
Dative, hi-freq (to) 5.63 (1.57)
Dative, lo-freq (to) 5.46 (1.66)

Note: Standard deviations are given in parentheses.

Table 3
Corpora proportions for the transitive and dative verbs.

VP-attached Phrases With. ..

Verb Class Same Preposition Same Thematic Role Thematic Role
Action .06 (.11) (with) .07 (.13) instrument
Psych/Perception .00 (.02) (with) .06 (.11) varied
Dative, hi-freq .28 (.26) (to) 41 (.35) recipient
Dative, lo-freq .19 (.27) (to) .14 (.25) recipient

Note: Standard deviations are given in parentheses.

We present the data from all the regions in Figures 4—6Knowlton and Sedivy (1995) were analyzed to confirm the
but we focused our analysis on the PP region, where Spiveyexpected interaction between verb-type and attachment. A
Knowlton and Sedivy (1995) found their critical effects and summary of the data from these conditions is provided in
where all of our predicted effects were anticipated. TheFigure 4. Participant means were submitted to a 2 (action vs.
first portion of the results section focuses on the action angsych/perception) by 2 (attachment site) by 4 (list) ANOVA
psych/perception verb conditions. The findings for the dativeover reading times during the PP. ltems means were submit-
conditions are presented later. ted to an ANCOVA with length as a covariate as described

) in footnote 5. We found the expected interaction between

Global ANOVA/ANCOVA at PP regiorOur most global  yerh and attachment by participants, but the effect was not
prediction was an interaction of ambiguity, verb type, andygjiable across item&1(1,36) = 8.49, p< .01;F2(1,39) =
attachment site during the prepositional phrase region. Sucﬂga p>.10.. In planned comparisons, a verb class ef-
an interaction was found in a 2 (ambiguity) by 2 (action vs.fect was found by participants in VP-attachment conditions
psych/perception) by 2 (attachment site) by 4 (list) ANOVA (t1(39) = 3.95 p < .01). The effect did not quite reach sig-
by participant§F1(1,36) = 4.92, p < .05, and in the AN-  pjficance by item$F2(1,38) = 3.78, p=.06]. It was totally

COVA by items[F2(1,35) = 5.17, p < .05]. The predicted apsent by hoth participants and items for the NP-attachment
pattern was an interaction of verb type and attachment site fQionitions|Fs < 1]

the ambiguous conditions, but no such interaction for the un-

ambiguous conditions. Therefore, additional analyses were Disappearance of verb class effect in unambiguously at-
carried out separately on the ambiguous and unambiguouached adjunct PPsThe data from the four unambiguous
conditions. conditions of the action and psych verb items are summa-

Replication of Spivey-Knowlton and Sedivy (1995) verbreduced variance due to length), and significant effects becoming
class effect on ambiguous stimullThe four temporar- marginal (because the effect variance was partially correlated with
ily ambiguous conditions that were repeated from Spiveydength).
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Figure 4 Mean phrase-by-phrase reading times for the tem-igyre 6 Mean phrase-by-phrase reading times for the unambigu-
porarily ambiguous stimuli, the same conditions used in Spiveyqys versions of the VP-attached conditions.

Knowlton and Sedivy (1995).

1100 were somewhat shorter. There was a marginal interaction be-
N -~ PsychNP tween verb type and frequengiy1(1,36) = 3.56, p < .10.
. -0~ Psych-VP In planned comparisons, the high frequency dative condi-
Bl tion was reliably faster by both participants and items than
the low frequency dative condition during the PP region
[t1(39) = 2.54,p < .05. Crucially, this confirms the ex-
pected frequency effect for VP arguments. In contrast, there
was no difference between the action verbs and psych verb
conditions at either the PP or the following regitis & 1.0).
Thus, VP adjuncts did not give rise to a similar frequency
effect.
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Figure 5. Mean phrase-by-phrase reading times for the unambigu-

ous versions of the Spivey-Knowlton and Sedivy (1995) stimuli. Using temporarily ambiguous stimuli and adjurvath-

PPs that were similar to the stimuli used in Spivey-Knowlton
and Sedivy (1995), we replicated their finding that verb
. N _ class (action vs psych/perception) influences ease of PP at-
rized in Figure 5. The ANOVA/ANCOVA confirmed that achment to the VP. However, the verb-class effect disap-
there was no interaction of verb type and attachment Sit¢e3red when using maximally unambiguous structures. The
[Fs < 1.0]. The lack of an interaction, taken together with ¢t that degree of ambiguity modulates the effect indicates
the presence of a verb by attachment interaction for the ampy ¢ this verb-class effect occurs at the level of syntactic

biguous conditions, and a three-way interaction with ambigg|ection (when there is a local syntactic ambiguity) rather
guity in the global ANOVA, indicates that the verb-type ef- \han a1 the level of lexical access and syntactic genera-

fect for the VP-attachment conditions was quite diminishedion |n other words, the lexical entries for these action and

compared to the ambiguous VP-attached conditions in Fignsych/perception verbs do not index a syntactic form corre-
ure 1. Furthermore, a planned comparison revealed thal,onging to [v NPwith-PP] that is strengthened each time
the NP-attachment was faster for the action verb conditiony,ch 5 structure is encountered, thereby making the syntactic
than the psych verb condition in the analysis by participant§yame more accessible during lexical access for verbs that are
[F1(1,39) =6.25 p< .05;F2(1,32) = 1.04,p > .10 frequently used in this manner.

The data for the four unambiguously VP-attached condi- |n contrast to the findings for adjunaith-PPs, our find-
tions are summarized in Figure 6. Note that the figure il-ings confirm that dative verbs do index a [V N#PP] form
lustrates the two dative conditions (high vs. low frequencythat is strengthened with frequency of use, and thereby be-
of dative PP) and repeats the unambiguous VP-attachmegbmes more accessible for verbs that are frequently used with
conditions from Figure 5. Here, the action verbs are dea dative PP. The claim that these dative verbs index a prepo-
scribed as high PP frequency and the psych verbs are deitional indirect object was not actually in doubt, because
scribed as low PP frequency. We submitted the participanthe PPs are uncontroversially considered to be arguments of
means for these four conditions to a 4 (list) by 2 (verb) by 2
(frequency) ANOVA by participantsat the critical PP. Read- e did not perform an ANOVA by items because the number
ing times were much faster for the dative conditions over-of item groups and items per cell differed for dative and transitive
all [F1(1,36) = 72.87, p < .01], probably because those PPs materials.
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the verb, and therefore must be lexically represented. Thattachment site in the transitive verb stimuli were not reli-
important point here is that the syntactic form is more ac-able in the items analysis. In fact, Spivey-Knowlton and Se-
cessible for verbs that occur in this form frequently. Thus,divy (1995) never looked for such an interaction so we do
a frequency effect was found for dative verbs, even thougmot know whether our findings actually differ in this respect.
the PP attachment was unambiguous. This difference béNevertheless, the lack of an effect in the items analysis sug-
tween transitive and dative verbs was predicted by the Argugests some variability in how effectively each item biased VP
ment Structure Hypothesis, which maintains that argumenfor NP) attachment. The instability of the item analysis was
frequency, but not adjunct frequency, is lexically representeahot due to the introduction of phrase length as a covariate;
as weighted subcategorization frames. the F-value was essentially identical with and without length
Of course, one might argue that thdth-PP syntactic (1.96 vs. 1.89).
frames were too weakly represented to produce robust fre- Our results strongly suggest that the verb-class effects in
quency effects. As shown in Table 3, our dative verbs apthe temporarily ambiguous stimuli, which were initially re-
pear more frequently witho-PPs than our transitive verbs ported by Spivey-Knowlton and Sedivy (1995) and replicated
appear withwith-PPs. If the reason that we did not find fre- here, must be effects on syntactic selection rather than the
quency effects fowith-PPs is that their overall frequency is initial generation of syntactic structure. Thus, pragmatic dif-
too low, it also compromises Spivey-Knowlton and Sedivy'sferences in the felicity of VP and NP modification could in-
(1995) interpretation of their results. Thus, our reinterpre-fluence the selection process.
tation of the Spivey-Knowlton and Sedivy (1995) results re- We believe that the cause of the verb-class/frequency dif-
mains unchanged. The verb class effects found by Spiveyferences reported by Spivey-Knowlton and Sedivy (1995) are
Knowlton and Sedivy (1995) and replicated here in our tem-undoubtedly pragmatic constraints that also guide syntactic
porarily ambiguous stimuli did not arise at the level of syn-selection. If so, these pragmatic constraints should affect
tactic generation. We know from our unambiguous condi-syntactic processing slightly later than effects of lexical fre-
tions that the VP-attachment structure was generated just @giency. We explore this hypothesis in Experiment 2.
easily for the psych/perception verbs as for the action verbs.
The difference between the action verb conditions and the Experiment 2
psych/perception verb conditions in the ambiguous stimuli, ) )
together with the lack of such a difference in the unambigu- For our second experiment, we used slightly shorter ver-
ous stimuli, demonstrates that one must be very careful igions of the Experiment 1 stimuli in an eye-movement
drawing inferences about the lexicalization of syntactic in-Paradigm. We expected to replicate the effects found in Ex-
formation on the basis of data gathered using temporamperlment 1.In addltlon, we wished to contrast the various de-
ambiguous materials. pendent measures available from the eye-movement record
It should also be noted that the semantic contributionin order to better understand the timing of the lexical and
of the VP-attached PP was quite different between the adPresumably) pragmatic effects observed in Experiment 1.
tion verbs and the psych/perception verbs, both in Spivey-
Knowlton and Sedivy (1995) and in the current experiment M€thods
Most of the PPs in the action verb set served as VP instru-
ments, whereas the PPs in the psych/perception verb set w
most often describing the agent’s state of mind (exgth
bold determinatioh It is possible that some of the differ-

ences in the temporarily ambiguous stimuli are actually due Materials This experiment used the same stimuli as Ex-
to differences in processing the PPs themselves (e.g., abstragdriment 1, except that the stimulus set was abbreviated in
vs. concrete), rather than differences in verb class. Howevefhree ways. First, the final two regions of each sentence were
here again the comparison between the ambiguous and uBmitted (See Table 1). In all cases, the sentences ended with
ambiguous stimuli is instructive. There were no differenceshe adverbial phrase. The phrase divisions in Experiment 1
in processing difficulty for the PPs in the unambiguous stim-stj|| defined the regions of analyses here. Second, the number
uli, so it is unlikely that differences in ease of processing ofof filler sentences was reduced to 55 (from 77 in Experiment
the PPs themselves caused the effect in the ambiguous stiny in order to shorten the experiment to 120 trials. Finally,

uli. ) ) . ) the number of comprehension questions was reduced to 55
There were two ways in which our data did not mirror the (from 76).

pattern found by Spivey-Knowlton and Sedivy (1995). First,

Spivey-Knowlton and Sedivy (1995) found a preference for Procedure A dental impression was made for each re-
NP-attachment in their psych/perception verb experimentsearch participant and attached to a “bite bar” in order to
but we did not replicate this finding. In fact, this discrepancyhold the participant’s head in a fixed position. We also used a
is not crucial, because an NP-attachment preference is predtationary headrest and an adjustable chin-rest to help secure
cated on the NP, not the verb. In adding some new items, wthe head in a comfortable fashion. Eye fixations were mea-
may have selected direct object NPs that were less naturallgured using a Dr. Bouis monoculor oculometer (Karlsruhe,
used withwith-PPs, thereby diminishing the NP-attachmentGermany). This system has a resolution of 1 to 5 minutes of
preference. Second, the interactions between verb class aadc. The monitor was positioned 71 cm from the eye, such

Participants Twenty-four students from the University of
HBuisiana at Lafayette participated in this experiment for par-
tial credit in an undergraduate psychology course.
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that the visual angle of each character was approximately 1the data for the two regions before and the region after the
minutes of arc. The device provides two voltage outputsPP region in Figures 7 and 8, although we focused the anal-
corresponding to eye position along the X and Y axes. Thesis on the PP region. We omitted data from the initial re-
sensor of the apparatus was first roughly aligned by mechamion because long reading times in the unambiguously NP-
ical means. It was then further adjusted to give zero-outpuattached conditions would have required us to compress the
voltages when the participant looked straight ahead, as weficale, making the effects at the PP region difficult to see. This
as balanced positive and negative voltages when the partigportion of the analysis ignores the two dative conditions. The
pant looked at equidistant points along the X and Y axes. Thanalysis of the dative conditions is presented at the end of the
experimenter then ran a calibration routine during which theresults section.
participant was asked to fixate on nine disparate points on
the computer screen in order to establish the relationship be- Global ANOVA/ANCOVA at PP regionThe ambigu-
tween X/Y voltages and screen position. Unless this coulbus and unambiguous versions of the action-verb and
be done with an error rate of less than ten pixels in each dipsych/perception-verb conditions were first submitted to
mension, the experiment was aborted. 2 (ambiguity) by 2 (verb type) by 2 (attachment site)
After successful calibration, participants completed tenby 4 (list) ANOVA and ANCOVAs for each of the de-
practice trials. The participants were instructed to read eacpendent measures. As shown in the upper portion of
sentence as it appeared and be prepared to answer comptiee Figures 7 (ambiguous conditions) and 8 (unambigu-
hension questions after some of the trials. Half of the practiceus conditions), both the first-pass times and the total
trials were followed by a yes/no comprehension questiontimes appear to exhibit the predicted three-way interac-
participants pressed a button to indicate their answer. Th#on of ambiguity, attachment site, and verb type, but the
set-up was re-calibrated between the practice trials and thateraction was reliable only by participants [first pass:
main experiment, using the same criterion. During the exf1(1,20) = 4.81, p < .05, F2(1,38) = 1.81, p > .10]; to-
periment, analog eye position was digitized (1 kHz) and con4al times: F1(1,20) = 4.29, p=.05,F2(1,34) < 1.0,p >
verted to screen coordinates. Each sentence was presented.6h Both measures revealed faster reading times for action-
the screen in its entirety, on a single line. Forty-six percenverb conditions than for psych/perception-verb conditions
of trials were followed by a yes/no comprehension question[first pass:F1(1,20) = 6.06, p < .05, F2(1,31) =6.25, p<
The question appeared on the screen with the wNi@and  .05; total times: F1(1,20) = 24.73 p < .01, F2(1,34) =
YESspaced widely on the line below. Participants pressed2.34, p < .01]. In addition, the total reading times were
the left response button f&¥O and the right response button faster for unambiguous conditions 1(1,20) = 14.66, p <
for YES .01 F2(1,34) = 5530, p < .01]. In contrast, there was
For each trial, the screen position and duration of each fixno hint of the predicted interaction in either the probabil-
ation were computed and stored. The set-up was recalibratéty of first-pass regressions or the regression path durations
periodically during the experiment to ensure accurate trackfFs < 1.0], as can be seen in the lower halves of Figures 7
ing of the eye movements. The experiment took less than aand 8. Both of these measures did produce the main effect

hour. of verb type, with fewer regressions/shorter durations in the
action verb conditions [first-pass regressiost(1,20) =
Results 9.86, p< .01, F2(1,39) = 6.54, p < .05; regression path du-

rations:F1(1,20) = 20.11, p< .01, F2(1,32) = 1269, p<

Mean accuracy on comprehension questions was 85% co©1] as well as an effect of attachment, with fewer re-
rect. We analyzed data from four dependent measures. Ttgressions for VP-attached conditions [first-pass regressions:
first-pass reading times are indicative of processing diffi-+1(1,20) =5.35, p< .05, F2(1,39) =6.96, p < .05; regres-
culty during initial processing (Frazier & Rayner, 1982). sion path durationst1(1,20) = 6.03, p < .05, F2(1,32) =
This measure includes multiple fixations during a region if7.26, p < .05]. In sum, the predicted interaction was reliably
such fixations occur prior to leaving the region. We calcu-present only in the participants analysis for the first pass and
lated the probability of a first-pass regressive eye movemeribtal time measures.
as the proportion of trials on which the reader left the re-
gion and returned to an earlier region (Frazier & Rayner, Replication of Spivey-Knowlton and Sedivy (1995) verb-
1982). The regression-path duration includes all first-passlass effect on ambiguous stimulin this section, we con-
fixations and any time spent in earlier regions prior to fixa-sider only the ambiguous action and psych/perception verb
tions to the right of the current region (Brysbaert & Mitchell, conditions, which were summarized in Figure 7. The goal
1996; Konieczny, Hemforth, Scheepers, & Strube, 1997; Li4s to determine whether we have replicated the Spivey-
versedge, 1994; Traxler, Bybee, & Pickering, 1997). Finally,Knowlton and Sedivy (1995) pattern: a VP-attachment ad-
total times reflect all fixations in a region. This is the mostvantage for action verbs and a NP-attachment advantage for
global measure of local processing difficulty because it inpsych/perception verbs, during the PP region. In the first-
cludes all secondary fixations in a region. pass times, there appeared to be an interaction with the ex-

As in Experiment 1, we began by looking for a three- pected pattern at the PP. However, it was not even marginally
way interaction of verb class, attachment site, and ambiguityieliable [F1(1,20) = 2.36, F2(1,38) = 1.05, p > .10]. The
which is localized to the PP region. Therefore, we presenpredicted interaction was found during the PP region of the
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Figure 8 The data for the unambiguous conditions of the action-verb and psych/perception-verb stimuli are summarized for each of the four dependent measures: first-pass
reading time (upper left), total reading time (upper right), probability of a regression (lower left) and regression path duration (lower right). The time scale differs for each
dependent measure.
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Figure 9 The first-pass and total reading time data for the two dative verb conditions are summarized in the upper portion of the figure.
Note that the scale is different from that used for the action-verb and psych/perception-verb stimuli in Figures 7 and 8. The lower portion of
the figure summarizes the probability of a first-pass regression and the regression path durations. The probabilities are mapped to the same
scale as in Figures 7 and 8, but the scale for the regression path durations is different due to the much shorter durations in the final region.

total reading times, though only in the analysis by partici-significant trend was observed in the first-pass reading times,
pants[F1(1,20) = 8.09, F2(1,34) = 1.10, p > .10]. There  and the interaction was found only in the participants’ anal-
was no evidence of the predicted interaction in the probabilysis of the total reading times. The only dependent measure
ity of a first-pass regression or in the regression path durathat exhibited a fully reliable effect was the post-PP region of
tions during the PP region. However, the predicted interacthe regression path durations. Note that the regression path
tion was observed in the final sentence region for the regresiurations are substantially longer than the total reading times
sion path duration measuje1(1,20) = 11.96, F2(1,40) = in this region, because there was a regressive eye movement
8.08 p < .01. out of the final region about half the time. The regression

In sum, the Spivey-Knowlton and Sedivy (1995) patternpath durations for the final region include all fixations in pre-
was not robustly replicated during the PP region. A non-VioUs regions following a regression until the readers’ eyes
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move to the right of the final region. Thus, this measure is 300
fairly global. o o

Unambiguous versions of Spivey-Knowlton and Sedivy
(1995) Stimuli These data were summarized in Figure 8.
As in Experiment 1, we expected to find no evidence of
the Spivey-Knowlton and Sedivy (1995) verb class effect
in the unambiguous action- and psych/perception-verb con-
ditions. Although there was no evidence of the verb type
by attachment interaction in the first-pass times, the action-
verb conditions were faster than the psych/perception-verb
conditions[F1(1,20) =3.53 p<.10;F2(1,39) =4.68 p<
.05]. Because it is critical to the Argument Structure Hy-
pothesis that the VP-attached action-verb condition not be
faster than the VP-attached psych/perception-verb condi-
tion, planned comparison@ = .05) were carried out on
those two conditions and no difference was foutid <
1.0]. The verb type effect was also observed in the total
reading times[F1(1,20) = 25.11, F2(1,36) = 20.03 p < 150 | | | |
.01], the probability of a first-pass regressiffl(1,20) = 0.0 0.2 0.4 0.6 0.8 1.0
8.20,F2(1,38) = 7.89, p < .05], and the regression path o .
durations|F 1(1,20) — 1808, F2(1,36) — 19.04, p < .05, Probability of Dative PP

However, none of these verb type effects interacted with at; jgure 10 The scatterplot illustrates the correlation between the
tachment site during the PP region. There was an mteramm&st fixations in the dative PPs and the probability of a dative PP in

between verb type and attachment site during the final regiofy " © completions
for the total reading times in the analysis by participants only '
[F1(1,20) = 4.77, p < .05;F2(1,40) = 2.49, p> .10.

250

Fixation on PP (ms)

200

First

Table 4
Unambiguous DativesThese conditions were analyzed Summary of late dependent measures from dative conditions
separately. The data for the four dependent measures are

summarized in Figure 9. Because the dative PPs are ar- Region
guments, we expected to find a lexical frequency effect at Verb PP  Final
the PP for the first pass measures. Planned comparisons

at the PP revealed the expected frequency effect only in Probability of regression

the first pass reading times, and only in the items analysis High frequency 9% 15% 30%
t1(23) = 1.41, p> .10;F2(1,14) = 1813, p < .01]. While Low frequency 11% 12% 41%

this may appear to be weak evidence for the lexical fre-

qguency effect, it is bolstered by two other findings. First,

a linear regression revealed that first-pass reading time was Regression path duration (ms)

correlated with the likelihood of a dative PP in the sentence High frequency 360 625 1,294
completions[F2(1,30) = 5.72 p < .05,;r = —.40]. Sec- Low frequency 377 681 1,319
ond, robust effects of lexical frequency were observed in

the first fixations in the PP region, both in a planned com-

parison[t1(23) = 2.52, p < .05;F2(1,14) = 5.90, p < .03 Total Reading Time (ms)
and a linear regression against the likelihood of a dative PP High frequency 483 626 461
[F2(1,30) = 1594, p < .0Lr = —.59. This relationship is Low frequency 435 639 470

illustrated in Figure 10. The negative correlation indicates
that the more likely a dative PP for a given verb, the shorter
the first fixation on a dative PP following that verb.

Discussion the timing of the verb-class effects for PP adjuncts and the
lexical-frequency effects for PP arguments that directly sup-
We replicated each of the primary findings from Experi- port our claim that the two effects are evoked at different lev-
ment 1: the albeit weak verb-class by attachment-site interels of syntactic analysis. The Spivey-Knowlton and Sedivy
action in the temporarily ambiguous Spivey-Knowlton and(1995) verb-class effects, which we believe to be pragmat-
Sedivy (1995) stimuli, the absence of the interaction in thdcally driven, were most robust in the later dependent mea-
unambiguous versions of the Spivey-Knowlton and Sedivysures, while the lexical-frequency effects for our dative-PP
(1995) stimuli, and the presence of lexical-frequency effectarguments were most robust in the earliest dependent mea-
in the dative stimuli. In addition, there were differences insures.
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General Discussion lexical entry of the verb heading the VP, nor that the co-
occurrence statistics are somehow facilitating structural in-
Constraint-based lexicalist theories, together with the integration of the PP into the verb phrase. Granted, it is always
creased lexicalization of syntactic theories, have altered thpossible that a higher-frequency adjunct class (if one could
way that many psycholinguists think about syntactic analy-he found) would pattern like the dative arguments. We have
sis during sentence comprehension. The focus has largefgcused here on an adjunct class that has been reported to
shifted away from phrase structure rules to syntactic knowldiffer dramatically in frequency of occurrence across differ-
edge that is accessed from the lexicon during word recognient sets of verbs, and for which the adjunct frequency has
tion and pieced together to generate sentence-level syntageen claimed to be lexically encoded. Such claims are not
tic representations, as illustrated in Figure 1 above. Withunique to Spivey-Knowlton and Sedivy (1995). For instance,
this shift, predictions about processing difficulty are linked toSnedeker and Trueswell (in press) used sentence comple-
lexical frequency variables that determine the accessibility ofions of fragments likeGrover tickles/finds the teddy bear
the syntactic knowledge. This lexicalist account predicts thewyith. .. to determine thatickle has an instrument bias and
frequency effects that we found for dative arguments in bottind has a bias toward occurring with modified direct objects.
experiments: Integrating a recipient PP is more efficient fol-This lexical bias dimension was contrasted with a referential
lowing a verb that frequently occurs with such an argumenscene manipulation, which presumably implicates pragmatic
compared to a verb that occurs less frequently with such aknowledge. Snedecker and Trueswell found that children, in
argument. contrast to adults, relied exclusively on the lexical biases to
There are two primary contributions of the current paperguide syntactic ambiguity resolution. While we do not doubt
First, we have demonstrated that not all processing differthe importance of the finding, the current data suggest cau-
ences that are correlated with lexical frequency reflect a lextion in drawing the conclusion that their lexical bias variable
icalized mechanism for generating syntactic structure. Seaeflects lexically encoded syntactic knowledge, or the relative
ond, we have provided further evidence for the general disaccessibility of alternative argument structures.
tinction between generation and selection processes, along These findings are consistent with other recent studies
with some diagnostic tools for determining the different in- suggesting that adjuncts are not lexically specified (e.g.
formation sources brought to bear by these processes. Boland & Boehm-Jenigan, 1998). In fact, we know of no
the current study we used these tools to determine the exempirical evidence suggesting that adjunct information is en-
tent of the lexicalization of syntactic knowledge. The cur-coded on a lexical head. It is unlikely that such evidence will
rent results support the Argument Structure Hypothesis ovesver be found, given that we have already tested the strongest
the Full Lexical Representation Hypothesis. Our conclusiongossible case in English: Instrumenteth-PPs are among
rest upon two distinctions that have not been clear in most pathe most frequent of adjuncts, and some linguists have even
pers advocating a constraint-based lexicalist approach. Theuggested that they might be arguments (see discussion in
first distinction is between knowledge that is used to generSchutze & Gibson, 1999). Evidence that these PPs are not
ate structural representations and knowledge that is used texically represented is also evidence that they are adjuncts;
resolve ambiguities (Altmann & Steedman, 1988; Boland linguistic theory maintains that arguments must be lexically
1997a; Lewis, 1993). The second distinction is betweenepresented as part of argument structure. This is not to say
phrases that serve as arguments and those that serve as #tht no verbs take instruments as arguments. Some verbs
juncts. may take instrument arguments, as argued by Koenig et al.
The current results demonstrate that the generation df2003). It may even be the case that a few of the action verbs
structure is influenced by bottom-up properties of the lex-used by both Spivey-Knowlton and Sedivy (1995) and our-
ical items, including the relative frequencies of alternativeselves fall into that category. However, our results clearly
argument structures. By hypothesis, adjunct sites are nandicate that, as a group, these verbsxdbsubcategorize for
lexically stored, and therefore, their relative frequencies danstrument PPs.
not contribute to the generation of modifier attachments— The pattern of results in our studies provides significant
precisely the pattern observed here. In contrast to syntaconstraint on a broad range of theories concerning sentence
tic generation, ambiguity resolution depends upon a varietprocessing architecture. We now consider the implications
of other constraints, including pragmatic fit with the currentfor two competition models (the constraint-based model of
context. This division of labor is a natural one, because pragSpivey and Tanenhaus (1998) and the competitive attachment
matic constraints are predicated on the interpretations of thmodel of Stevenson (1995)), and a structure-driven Minimal
structural alternatives and should therefore follow their genAttachment model (Frazier, 1987; Frazier & Fodor, 1978).
eration. (Note that this is not the classic first-pass/reanalysig/e choose these models because they are simple and clearly
distinction in syntactic analysis in which only one structurearticulated instantiations of divergent viewpoints.
is generated.) Consider first the predictions of the Spivey and Tanenhaus
The comparison of adjunct PP attachments, in syntacti1998) implemented constraint-based competition model.
cally ambiguous and unambiguous environments, reveal thathis model does not posit a clear architectural distinction be-
the Spivey-Knowlton and Sedivy (1995) findings were not,tween generation and selection, so it is interesting to explore
in fact, a demonstration that specific adjunct attachment sitelsow it might account for our results. The key is to char-
(i.e., a site for awith-PP) are encoded or indexed in the acterize unambiguous structures as very biased ambiguous
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structures where the constraints heavily favor one interpretaa much less competitive activation function. This difference
tion. The model could thereby account for the verb class byn competitive behavior yields an argument preference for
ambiguity interaction for the adjunct stimuli in the follow- phrases that are temporarily ambiguous between attachment
ing way. Suppose that the difference in overall strength ofas an argument and attachment as an adjunct, even though
the alternatives in the ambiguous conditions is actually fairlyargument and adjunct attachments have equaiiori acti-
small. The ambiguity serves as a kind of nonlinear amplifiervation levels. In adjunct-adjunct competitions such as those
of these small differences. The closer together the overalh our ambiguous adjunct stimull 6aw the man with the
strength of two possible interpretations, the bigger the effectelescop® recency supports VP attachment of the PP, but
that differences in supporting constraint strengths will havethis can be easily overridden by lexical or pragmatic prefer-

If unambiguous conditions are in fact simply very heavily- ences. Thus, the model can account for the original Spivey-
biased ambiguous structures, there is very little time takeiKnowlton and Sedivy (1995) result, regardless of whether
by the competition, and correspondingly very little variancethe cause is lexical frequency or pragmatics. In contrast, it is
introduced by differences in constraint strengths. Thus, ondifficult to see how Stevenson’s model could predict the lex-
could posit a modest difference in adjunct attachment sitécal frequency effects for our unambiguous arguments, given
strengths between the two verb classes, and a nonlinear corirat the model requires all arguments and adjuncts to have
petition mechanism might predict substantial effects of thisequivalenta priori activation levels. Once again, a distinc-
difference in relatively equi-biased ambiguous constructionstion between generation and selection is necessary to account
but a near elimination of the difference in heavily biased orfor the results in the unambiguous conditions.

unambiguous constructions. Finally, consider the implications of our results for a

The problem with this account, however, is that therestructure-driven Minimal Attachment approach. To draw
are significant verb frequency effects for argument PP ateut these implications, it is useful to return to one of the
tachments (the dative conditions) in unambiguous structuregriginal descriptions of Minimal Attachment, in Frazier and
Competition models cannot easily predict the existence oFodor (1978), although our analysis holds for later versions
these effects while simultaneously predicting their absencef this approach as well. Frazier and Fodor (1978) posited
in the adjunct conditions. Of course, it is possible that thea generation mechanism not unlike the one we propose here.
size of the frequency effect in the dative conditions is smallin this model, Minimal Attachment is assumed to emerge
enough in the present experiments that the Spivey and Tanefrom a race between alternative syntactic structures gener-
haus (1998) competition model or something similar couldated in parallel. The winner of the race is the most rapidly-
roughly fit the data. A model that could fit the dative datagenerated structure, where speed of generation is determined
would necessarily predict some small effect in the adjuncby structural complexity (number of syntactic nodes intro-
conditions, but perhaps such differences could be observedduced). Minimal Attachment thus combines generation and
an experiment could be designed that was sensitive enouggelection into a single stage: selection is an emergent by-
to detect them. However, the goal is not to develop a modegbroduct of race-based generation.
that can handle these specific contrasts alone. Such a modelUnder the standard assumption that only major category
must be able to account for the full range of lexical frequencyinformation drives the initial structure generation, the model
effects. We suspect that there are other examples of lexicahust account for the verb-class by ambiguity interaction in
frequency effects in unambiguous constructions that are sizehe adjunct stimuli by assuming (as we do above) that the
able enough to rule this out as a general solution (e.g., theerb-class ambiguity effect in the ambiguous conditions is
noun-verb homograph data of Boland, 1997a). a post-generation plausibility effect. But the two accounts

An alternative for a competition model is to assume thatdiverge significantly in the following way. Our generation-
there is a separate lexically driven generation process thagelection account assumes the locus of the effect is syntactic
provides weighted structures that enter into the competitionselection and reanalysis. Under the Minimal Attachment ac-
In fact, Spivey and Tanenhaus (1998) explicitly claim that acount, however, the locus of the effexztnnotbe reanalysis,
separate generation process is necessary for the competitibecause the VP-attachment will be generated first regardless
model to be complete. What we are suggesting here is thaif verb class, hence no reanalysis is required. Minimal At-
the present data provide additional motivation for this dis-tachment model must therefore assume that the locus of the
tinction, as well as constraints on the content of the generaeffect is interpretation: adjuncts attached to action verbs are
ing lexical information, in line with the Argument Structure faster to interpret than adjuncts attached to psych/perception
Hypothesis. verbs.

We also considered a competition model that incorpo- Considering only the ambiguous conditions, the two ac-
rates different competitive behavior for arguments and adeounts are theoretically different but empirically indistin-
juncts: the competitive attachment model of Stevensoryuishable. However, if the locus of the effect in the Minimal
(1995). However, implementing an argument/adjunct dis-Attachment account is interpretation, then the same verb-
tinction is insufficient to account for all of our findings. In class effect should arise in the unambiguous conditions as
Stevenson’s model, the competitive activation processes thatell. But it does not—this is the verb class by ambiguity
focus activation onto a preferred argument attachment sitateraction. Minimal Attachment alone cannot account for
exhibit “winner-take-all” behavior so that only a single argu- this pattern. Construal (Frazier & Clifton, 1996) also fails
ment node is activated. Adjunct sites, by contrast, employo account for the interaction, because all of the PPs consid-
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ered here would initially be treated as primary phrases an@ritt, M. A. (1994). The interaction of referential ambiguity and ar-
therefore subject to the standard constraints of Minimal At- gument structure in the parsing of prepositional phradmsnal
tachment and Late Closure. of Memory and Languag@3, 251-283.

This comparison of the predictions of the competitionBrysbaert, M., & Mitchell, D. C. (1996). Modifier attachment in
models and Minimal Attachment models highlights a key sentence parsing: Evidence from dutcQuarterly Journal of
constraining fact about the data: there must be some way that Experimental Psycholog#9A 664-695.
the processing mechanism gives rise to the verb class effe@ifton, C., Jr., Speer, S., & Abney, S. P. (1991). Parsing argu-
in ambiguous constructions, but not in unambiguous con- ments: Phrase structure and argument structure as determinants
structions. We have offered above two possible models that ©f initial parsing decisionsJournal of Memory and Language
have this property: an architecture that distinguishes gen- 30 251-271.
eration and selection (with plausibility constraints affectingCorley, S. (1998).A statistical model of human lexical category
selection and lexical frequency affecting generation) and a disambiguationPh.D. thesis, University of Edinburgh.
non-linear competition mechanism that magnifies frequencyrocker, M., & Corley, S. (2002). Modular architectures and statis-
effects in closely-weighted ambiguous constructions, while tical mechanisms: The case from lexical category disambigua-
compressing them in heavily-biased (nearly unambiguous) tion. In P. Merlo _& S. Stevenson (Eds.‘[h_e Ie_X|caI basis of
constructions. At the same time, we raised concern that the S€ntence processingmsterdam: John Benjamins.
competition models will not fare well when considering a Crocker, M. W., & Brants, T. (2000). Wide-coverage probabilistic
wider range of lexical-frequency effects. sentence processingournal of Psycholinguistic Researc,

Finally, although we have argued that global syntactic 647-669.
knowledge is used to analyze adjuncts, we do not wish t&ord, M., Bresnan, J., & Kaplan, R. M. (1982). A competence-
dispense with the lexicalized parsing mechanism that is cen- P@sed theory of syntactic closure. In J. Bresnan (Hthg, men-
tral to some constraint-based lexicalist accounts. The Ar- @l representation of grammatical relation<Cambridge, MA:
gument Structure Hypothesis is a variant of the constraint- M_lT Press. ) _ _
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Appendix
Stimuli for Experiments 1 and 2

The stimuli from Experiments 1 and 2 are presented be-
low. The stimuli using the psych/perception verbs are listed
first, followed by the stimuli using the action verbs. In
both cases, the conditions are in the following order: (a)

NP-attachment, ambiguous; (b) VP-attachment, ambiguous; 5.

(c) NP attachment, unambiguous; (d) VP-attachment, unam-
biguous. The Dative stimuli are presented last, with the high
frequency verb and low frequency verb, respectively, sepa-
rated by slashes.

Psych/Perception verbs

The first ten are taken directly from Spivey-Knowlton
and Sedivy (1995), with minor modifications. Items 11-16
have new verbs (w/o particles), but otherwise incorporate the
Spivey-Knowlton and Sedivy (1995) materials as much as
possible.

1. (a) The executive sought a promotion with a salary
increase last year but he was fired instead.

(b) The executive sought a promotion with bold de-
termination last year but he was fired instead.

(c) The executive’'s goal was a promotion with a
salary increase last year but he was fired instead.

(d) The promotion that the executive sought with
bold determination last year did not come to pass.

2. (a) The woman expected a bus with air conditioning
this morning but she was at the wrong stop.

(b) The woman expected a bus with much anticipa-
tion this morning but she was at the wrong stop.

(c) The woman'’s reservation was for a bus with air
conditioning this morning but she was at the
wrong stop.

(d) The bus that the woman expected with much an-
ticipation this morning finally arrived about an
hour late.

3. (&) The spy saw a cop with two revolvers Wednesday
night but the cop didn’t see him.

(b) The spy saw a cop with little effort Wednesday
night but the cop didn't see him.

(c) The spy’s main worry was a cop with two re-
volvers Wednesday night but the cop didn't see
him.

(d) The cop that the spy saw with little effort
Wednesday night didn’'t know he was being
watched.

4. (a) The bank manager knew a combination with
twelve digits every day but it didn’t open the safe.

(b) The bank manager knew a combination with total
certainty every day but it didn’t open the safe.

(c) The bank manager’s first try was a combination
with twelve digits every day but it didn’t open the
safe.

(d) The combination that the bank manager knew
with total certainty every day failed to open the
safe.

(a) The teaching assistant despised a student with a
bad attitude all year but graded everyone fairly.

(b) The teaching assistant despised a student with
no clear reason all year but she graded everyone
fairly.

(c) The teacher’s biggest concern was a student with
a bad attitude all year but she graded him fairly.

(d) The student that the teaching assistant despised
with no clear reason all year was graded fairly by
her.

(&) The musician heard a performance with thirty vi-
olins Tuesday night and he loved it all.

(b) The musician heard a performance with some
difficulty Tuesday night and he loved it all.

(c) The musician’s first piece was a performance
with thirty violins Tuesday night and we loved
it all.

(d) The performance that the musician heard with
some difficulty Tuesday night had at least thirty
violins.

(a) The supervisor demanded a report with sales fig-
ures sometime today so we all worked on it.

(b) The supervisor demanded a report with fierce in-
sistence sometime today so we all worked on it.

(c) The supervisor’s goal was a report with sales fig-
ures sometime today so we all worked on it.

(d) Areportthat the supervisor demanded with fierce
insistence sometime today kept us all working
late.

(&) The child tasted a chocolate with chopped al-
monds this afternoon and he quickly ate it all.

(b) The child tasted a chocolate with secret delight
this afternoon and he quickly ate it all.

(c) The child’s treat was a chocolate with chopped
almonds this afternoon and he quickly ate it all.

(d) The chocolate that the child tasted with secret de-
light this afternoon was full of chopped almonds.

(a) The young girl loved a man with a nice mustache
once again but she feared marriage.

(b) The young girl loved a man with all her heart
once again but she feared marriage.

(c) The young girl's romantic interest was a man
with a nice mustache once again but she feared
marriage.
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(d) The man that the young girl loved with all her
heart once again had a nice mustache.

(a) The designer smelled a perfume with a floral 15.

scent yesterday morning and she pronounced it
divine.

(b) The designer smelled a perfume with a quick
sniff yesterday morning and she pronounced it
divine.

(c) The designer’s project was a perfume with a flo-

ral scent yesterday morning and she sniffed it of-
ten.

(d) The perfume that the designer smelled with a

quick sniff yesterday morning had a strong floral 16.

scent.

(a) The saleswoman acknowledged the customer
with ripped trousers Monday evening and then
walked away.

(b) The saleswoman acknowledged the customer
with a polite nod Monday evening and then
walked away.

(c) The saleswoman’s concern was a customer with
ripped trousers Monday evening but he walked
away.

(d) A customer that the saleswoman acknowledged
with a polite nod Monday evening had already
walked away.

(a) The contestant wanted a prize with a million dol-
lars this year but she left empty-handed.

(b) The contestant wanted a prize with her entire be-
ing this year but left she empty-handed.

(c) The contestant’'s dream was a prize with a million

dollars this year but she left empty-handed. 18.

(d) The prize that the contestant wanted with her en-
tire being this year was a million dollars.

(a) The troubled woman noticed a fellow with a kind
face Saturday afternoon and he helped her.

(b) The troubled woman noticed a fellow with a
quick glance Saturday afternoon and he helped
her.

(c) The troubled woman’s date was a fellow with a

kind face Saturday afternoon and he helped her. 19.

(d) The fellow that the woman noticed with a quick
glance Saturday afternoon tried hard to help her.

(a) The old man understood an opera with three acts
last week and he remembered it fondly.

(b) The old man understood an opera with great dif-
ficulty last week but he remembered it fondly.

(c) The old man’s special outing was an opera with
three acts last week and he remembered it fondly.

17.

(d) The opera that the old man understood with great
difficulty last week was his favorite performance.

(@) The sailor finally spotted a ship with familiar
markings Sunday evening but he saw pirates on
deck.

(b) The sailor finally spotted a ship with great effort
Sunday evening but he saw pirates on deck.

(c) The sailor’s last hope was a ship with familiar
markings Sunday evening but it had pirates on
deck.

(d) The ship that the sailor spotted with great effort
Sunday evening had several pirates on deck.

(a) The scholar coveted an award with great prestige
each year and he finally won it.

(b) The scholar coveted an award with great longing
each year and he finally won it.

(c) The scholar’s lasting dream was an award with
great prestige each year and he finally won it.

(d) The award that the scholar coveted with great
longing each year was given to someone else.

(a) The scientist detected an organism with an or-
ange glow last month but later lost his notes
about it.

(b) The scientist detected an organism with a micro-
scope last month but later lost his notes about it.

(c) The scientist's greatest discovery was an organ-
ism with an orange glow last month but she lost
his notes about it.

(d) The organism that the scientist detected with a
microscope last month had an interesting orange
glow.

(a) The surgeon felt a lump with an unusual shape
this morning and he removed it completely.

(b) The surgeon felt a lump with a special probe this
morning and he removed it completely.

(c) The surgeon’s main concern was a lump with an
unusual shape this morning but he removed it
completely.

(d) The lump that the surgeon felt with a special
probe this morning had an unusual shape.

(@) The psychic sensed a presence with dangerous
motives last night and she tried to contact it.

(b) The psychic sensed a presence with her crystal
ball last night and she tried to contact it.

(c) The psychic’s biggest fear was a presence with
dangerous motives last night but she tried to con-
tact it.

(d) The presence that the psychic sensed with her
crystal ball last night had very dangerous mo-
tives.



20.

21.

22,

23.

24,

DISTINGUISHING GENERATION AND SELECTION

25

(@) The hungry child glimpsed a sandwich with tunaAction verbs
Adapted from Altmann & Steedman(1988).

salad this evening and he managed to steal it.

(b) The hungry child glimpsed a sandwich with a
quick peek this evening and he managed to steal
it.

(c) The hungry child’s only thought was a sandwich
with tuna salad this evening and he managed to
steal it.

(d) The sandwich that the hungry child glimpsed
with a quick peek this evening was a tuna salad
onrye.

(a) The biologist observed a whale with a damaged
tail this month and she collected more data on it.

(b) The biologist observed a whale with an underwa-
ter scope this month and she collected more data
onit.

(c) The biologist’s object of study was a whale with
a damaged tail this month and she collected much
data on it.

(d) The whale that the biologist observed with an un-
derwater scope this month had a badly damaged
tail.

(&) The man overheard a woman with a raspy voice
earlier today and he looked around for her.

(b) The man overheard a woman with his hearing aid
earlier today and he looked around for her.

(c) The man’s temporary assistant was a woman with
a raspy voice this morning and he looked around
for her.

(d) The woman that the man overheard with his hear-
ing aid this morning was a new temporary assis-
tant.

(a) The editor scanned a newspaper with a shock- 4-

ing headline yesterday morning but didn’t make
a copy.

(b) The editor scanned a newspaper with a trained
eye yesterday morning but didn’t make a copy.

(c) The editor’'s goal was a newspaper with a shock-
ing headline yesterday morning but he didn’t suc-
ceed.

(d) The newspaper that the editor scanned with a
trained eye yesterday morning had a shocking
headline.

(a) The professor examined a thesis with a novel
claim this semester but he didn't like it.

(b) The professor examined a thesis with some inter-
est this semester but he didn't like it.

(c) The professor had a thesis with a novel claim this
semester but he didn't like it.

(d) The thesis that the professor examined with some
interest this semester had a novel claim.

1.

(a) The mechanic changed a tire with a faulty valve
this morning but it took a while.

(b) The mechanic changed a tire with a monkey
wrench this morning but it took a while.

(c) The car’s problem was a tire with a faulty valve
this morning but the mechanic fixed it.

(d) The tire that the mechanic changed with a mon-
key wrench this morning had a faulty valve on
it.

(a) The teacher beat a boy with a bad haircut yester-
day morning but he didn’t cry.

(b) The teacher beat a boy with a bamboo cane yes-
terday morning but he didn't cry.

(c) The teacher's scapegoat was a boy with a bad
haircut yesterday morning but he didn’t com-
plain.

(d) The boy that the teacher beat with a bamboo cane
yesterday morning was the best student.

(@) The DJ played a record with a noisy crackle
Wednesday night and it sounded terrible.

(b) The DJ played a record with an expensive
turntable Wednesday night and it sounded terri-
ble.

(c) The DJ’s first song was a record with a noisy
crackle Wednesday night and it sounded terrible.

(d) The record that the DJ played with an expensive
turntable Wednesday night sounded really terri-
ble.

(a) The artist accidentally bumped a tray with new
oil paints Tuesday night and he swore loudly.

(b) The artist accidentally bumped a tray with his el-
bow Tuesday night and he swore loudly.

(c) The artist's most useful tool was a tray with new
oil paints Tuesday night but he bumped it acci-
dentally.

(d) The tray that the artist accidentally bumped with
his elbow Tuesday night was full of paint.

(a) The convict suddenly attacked a guard with a no-
ticeable limp earlier today before he ran away.

(b) The convict suddenly attacked a guard with
homemade weapons earlier today before ran
away.

(c) The convict’s only obstacle was a guard with a
limp earlier today and he outran him.

(d) The guard that the convict attacked with home-
made weapons earlier today was limping badly
later.
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(a) The janitor wiped a window with dirty finger-
prints this afternoon while singing quietly to
himself.

(b) The janitor wiped a window with a clean cloth
this afternoon while singing quietly to himself.

(c) The janitor’s next job was a window with dirty
fingerprints this afternoon and he cleaned it
quickly.

(d) The window that the janitor wiped with a clean
cloth this afternoon had dirty fingerprints on it.

(&) The workman cut through a pipe with rusty holes
Monday evening before fitting a new one.

(b) The workman cut through a pipe with a special
saw Monday evening before fitting a new one.

(c) The workman’s problem was a pipe with rusty
holes Monday evening but he to cut through it.

(d) The pipe that the workman cut through with a
special saw Monday evening had rusty holes in
it.

(&) The monkey ate a banana with a rotten peel Sat-
urday afternoon much to everyone’s surprise.

(b) The monkey ate a banana with some silverware
Saturday afternoon much to everyone’s surprise.

(c) The monkey’s snack was a banana with rotten
peel Saturday afternoon but he ate it anyway.

(d) The banana that the monkey ate with some sil-
verware Saturday afternoon had a rotten peel.

(@) The caretaker repaired a door with a crack yes-
terday morning and then took a break.

(b) The caretaker repaired a door with several nails
yesterday morning and then took a break.

(c) The caretaker’s last job was a door with a crack
yesterday morning and he repaired it quickly.

(d) The door that the caretaker repaired with several
nails yesterday morning had a crack in it.

(a) The skinhead angrily assaulted a cop with a big
scar Sunday evening and then took off.

(b) The skinhead angrily assaulted a cop with aniron
bar Sunday evening and then took off.

(c) The skinhead’s target was a cop with a big scar
Sunday evening and he assaulted him.

(d) The cop that the skinhead angrily assaulted with
an iron bar Sunday evening had a big scar.

(a) The dressmaker cut some material with navy pin-
stripes this morning and then she had lunch.

(b) The dressmaker cut some material with large
scissors this morning and then she had lunch.

12.

13.

15.

16.

17.

(c) The dressmaker’s choice was some material with
navy pinstripes this morning but she settled for
plaid.

(d) The material that the dressmaker cut with large
scissors this morning had navy pinstripes on it.

(a) The fireman damaged a wall with beautiful pan-
eling last night but got everyone out safely.

(b) The fireman damaged a wall with his ladder last
night but got everyone out safely.

(c) The fireman’s only barrier was a wall with beau-
tiful paneling last night so he broke it down.

(d) The wall that the fireman damaged with his lad-
der last night had beautiful paneling on it.

(@) The chemist heated a solution with yellow crys-
tals this evening but the gas went out.

(b) The chemist heated a solution with a bunsen
burner this evening but the gas went out.

(c) The chemist’'s goal was a solution with yellow
crystals this evening but he couldn’t manage it.

(d) The solution that the chemist heated with a bun-
sen burner this evening had yellow crystals in it.

(a) The drunk smashed a window with stained glass
once again then he staggered off laughing.

(b) The drunk smashed a window with an empty bot-
tle once again then he staggered off laughing.

(c) The drunk’s target was a window with stained
glass once again and he smashed it laughing.

(d) The window that the drunk smashed with an
empty bottle once again had stained glass in it.

(&) The vettranquilized a lion with a heavy mane last
month and then examined it.

(b) The vet tranquilized a lion with a harmless drug
last month and then examined it.

(c) The vet’s worst patient was a lion with a heavy
mane last month so he tranquilized it.

(d) The lion that the vet tranquilized with a harmless
drug last month had a heavy mane.

(a) The tribesman killed a tiger with dangerous teeth
each year and carried it home.

(b) The tribesman killed a tiger with a ceremonial
spear each year and carried it home.

(c) The tribesman’s prey was a tiger with dangerous
teeth each year and he carried a spear.

(d) The tigers that the tribesman killed with a cere-
monial spear each year had very dangerous teeth.

(@) The man demolished a house with a fountain this
month but it wasn't the right one.
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(b) The man demolished a house with a bulldozer
this month but it wasn’t the right one.

(c) The man’s demolition target was a house with
a fountain this month but the bulldozer couldn’t
destroy it.

(d) The house that the man demolished with a bull-
dozer this month was at the wrong address.

(a) The restorer stripped a cabinet with brass hinges
last year and then he waxed it.

(b) The restorer stripped a cabinet with paint re-
mover last year and then he waxed it.

(c) The restorer’s hardest project was a cabinet with
brass hinges last year and he stripped it carefully.

(d) The cabinet that the restorer stripped with paint
remover last year had brass hinges on it.

(a) The secretary typed a report with complex di-
agrams Thursday morning and then faxed it to
headquarters.

(b) The secretary typed a report with a word proces-
sor Thursday morning and then faxed it to head-
quarters.

(c) The secretary’s task was a report with complex

24.
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(c) The woman had a sock with a tiny hole last week
so she repaired it carefully.

(d) The sock that the woman repaired with a needle
last week had several holes in it.

(a) The boy broke a toy police car with a flashing
light this morning and ran home crying.

(b) The boy broke a toy police car with a shovel this
morning and ran home crying.

(c) The boy had a toy police car with a flashing light
this morning but he broke it.

(d) The toy police car that the boy broke with a
shovel this morning had a flashing light.

(@) The homeowner painted a door with a small win-
dow this weekend and then he tidied up.

(b) The homeowner painted a door with borrowed
equipment this weekend and then he tidied up.

(c) The homeowner’s project was a door with a small
window this weekend and he painted it easily.

(d) The door that the homeowner painted with bor-
rowed equipment this weekend was in the living
room.

diagrams Thursday morning so she started thdJative verbs

word processor.

The high and low frequency verbs are separated by a slash.

(d) The report that the secretary typed with a wordThe first verb is more frequently used with an indirect object
processor Thursday morning had very complexthan the second verb.

diagrams in it.

1.

(&) The burglar opened a door with a damaged lock
this evening and then quickly slipped inside.

(b) The burglar opened a door with a credit card this
evening and then quickly slipped inside.

(c) The burglar’s only hindrance was a door with a 3.

damaged lock this evening so he quickly slipped
inside.

(d) The door that the burglar opened with a credit
card this evening had a faulty lock anyway.

(@) The housekeeper cleaned a corridor with some g
plants every day and then lit a cigarette.

(b) The housekeeper cleaned a corridor with a broom
every day and then lit a cigarette.

(c) The housekeeper’s easiest chore was a corridor
with some plants every day so she looked for a

broom. 7.

(d) The corridor that the housekeeper cleaned with a
broom every day had beautiful plants in it.

(&) The woman repaired a sock with a tiny hole last
week but she hurt her finger.

(b) The woman repaired a sock with a needle last 9.

week but she hurt her finger.

The chores that the parents delegated/suggested to
their kids last week were very easy to accomplish.

. The woman that the minister introduced/referred to his

doctor Thursday morning was shy and quite nervous.

The suspect that the witness described/mentioned to
the police Friday evening was taller than they had an-
ticipated.

4. The plaque that the committee dedicated/awarded to

the hero last year was engraved and ready to hang.

. The letter that the teenager forwarded/passed to her

boyfriend this afternoon was short and somewhat rude.

. The procedure that the chemist explained/suggested to

her colleagues this semester was quite complicated to
carry out.

The uniform that the coach recommended/kicked to
the athlete this morning was expensive and covered in
logos.

. The necklace that the girl lent/took to her sister last

month was covered with sparkling diamonds.

The ice cream that the man brought/fed to his children
Sunday afternoon was chocolate chip and butter pecan.
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11.

12.

13.

14.

15.

16.
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. The ball that the baseball player handed/hit to his
teammate earlier today was brand new and unscuffed.

The rifle that the soldier gave/left to his friend this year
was from the Gulf War.

The item that the man sent/returned to the shop this
Wednesday was damaged beyond repair.

The lyrics that the secretary mailed/sang to her mother
Tuesday night were sentimental and quite personal.

The tuxedo that the tailor showed/sold to the groom
last weekend had extra long sleeves and pantlegs.

The carrots that the zookeeper offered/slid to the bears
each morning were scrubbed but not peeled.

The chapters that the teacher assigned/read to the class
every Friday were from the required textbook.



