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Adjunct Attachment Is Not a Form of Lexical Ambiguity Resolution
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Three eye-tracking experiments investigated ambiguity resolution in sentences containing
adjunct modifiers. The experiments tested readers’ response to sentences that began with a noun
phrase complex containing two nouns and a prepositaroK with). A prepositional phrase or
relative clause modified one of the noun phrases. The sentences were either temporarily or fully
ambiguous as to which noun phrase was modified. The first and third experiments used semantic
plausibility to disambiguate attachment (when disambiguation was possible). The second exper-
iment used gender agreement to disambiguate attachment. The type of modifier, prepositional
phrase versus relative clause, affected processing of the modifier as did the type of preposition
in the noun phrase complex, theta-assigning versus non-theta-assigning. The data challenge the
idea that syntactic ambiguity resolution is a form of lexical ambiguity resolution achieved via
competition (MacDonald, 1994; MacDonald, Pearlmutter, & Seidenberg, 1994; Spivey-Knowl-
ton & Sedivy, 1995). © 1998 Academic Press

Some contemporary views of how reader§82) observe". .. recent types of theorizing
and listeners understand a sentence claim theliminate the strong distinction between access
readers begin by building a syntactic structurghg a meaning and constructing a syntactic rep
based on their knowledge of grammatical prinresentation, which was central to previous ac-
ciples and guided by at least the lexical categ@ounts.” These contrasting views of how
ries of the words in the sentence (Frazier, 1978entence structure is perceived have been test
1987; Frazier & Clifton, 1996). Other viewSmost extensively in the domain of ambiguity
claim that readers and listeners determine th@solution. Both syntactic ambiguity and lexical
sentence’s structure in essentially the same Wa¥nbiguity have been extensively studied and i

as they determine the meaning of a word. Magyag peen suggested that they reflect many of th
Donald, Pearimutter, and Seidenberg (1994, Byme phenomena (MacDonald et al., 1994). Ir
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resolution. The phenomenon that serves as oungs.” Thus, sources of information, context and
starting point was investigated by Rayner antexical frequency in this case, interacted to de-
Duffy (1986). Rayner and Duffy measured fix-termine the response to a word.
ation times on ambiguous words that had either MacDonald et al. (1994) proposed a systern
one frequently occurring and one infrequentlyhat operates in accordance with Duffy et al.’s
occurring meaning (biased words) or twq1988) second explanation of frequency anc
equally frequent meanings (balanced words). lcontext effects. In MacDonald et al.’'s system,
this study, words were treated as balanced vford meanings compete with one another for
their most frequent meaning occurred betweeactivation in a distributed network. The out-
47 and 67% of the time (mean 58%), based come of this competitive process determines
on a mixture of published and locally generate@hat meaning the processor integrates into th
norms. Words were treated as biased if thettiscourse representation. When the reader er
most frequent meaning occurred greater thasounters a word, all of the semantic primitives
81% of the time (mear= 87%). Compared to associated with the word receive some activa
unambiguous control words, readers spent motion. When two word meanings occur equally
time fixating balanced words. By contrast, bifrequently, the patterns of primitives that en-
ased words produced fixation times equal toode different meanings receive equal amount
unambiguous control words. Rayner and Duffypf activation and feed equal amounts of inhibi-
proposed that the two meanings of balanceibn to one another and it takes longer for the
words become available at the same timeystem to settle into a stable pattern of activa:
thereby forcing the reader to do additional protion. Contextual information influences this
cessing to select a single meaning. competition by enhancing the activity of some
A further study investigated context effectgrimitives and decreasing the activation of oth-
on the processing of balanced and biased arars.
biguous words (Duffy, Morris, & Rayner, MacDonald et al. (1994) proposed that syn-
1988). Balanced words were preceded by comactic analysis proceeds in a similar fashion. At
text that made one of two meanings appropriat¢he syntactic level, choosing a syntactic analysic
Biased words were preceded by context thamvolves activating a particular set of x-bar
made the subordinate meaning appropriate. Figtructures, and different sources of information
ation times on balanced words preceded by binteract to adjust the activation of these struc-
asing context did not differ from unambiguoudures. When the activation of one structure suf:
control words. By contrast, readers spent mofficiently exceeds the activation of all other
time fixating biased ambiguous words than unstructures, disambiguation has occurred. Ir
ambiguous words when context supported th&me situations, all relevant sources of informa:
less-frequent meaning of the ambiguous wordion are present by the time the syntactic anal
Duffy et al. provided two explanations for theseysis begins. This is true in the cases of lexical
findings. The first proposes that word meaningambiguity discussed earlier, and it is true in
are delivered for integration in a serial fashionsome much-studied cases of syntactic ambigu
On this view, frequency and context interact tity (see Tanenhaus, Spivey-Knowlton, &
determine when different meanings becomkEanna, in press). In these cases, processing tin
available. The second proposes that all of this slowed to the extent that the alternative anal
meanings of an ambiguous word are activategses are closely matched in terms of the activa
simultaneously, but with different amounts oftion they receive from competing information
evidence favoring the different meanings. Acsources. Spivey-Knowlton and Sedivy (1995)
cording to Duffy et al. (p. 441), “Selection (of aused such an analysis to account for increase
single meaning for integration) would be relaprocessing times associated with some prepos
tively fast when the evidence clearly supportetional phrase attachment ambiguities. They pro
one meaning; it would be slow when equaposed (p. 260) that “Near equal activation levels
amounts of evidence accrued for both mearf the two alternatives will result in lengthy
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competition, hence greatly slowed readinglternative syntactic analyses (see, e.g., Frazie
times at the point of ambiguity.” 1995; Frazier & Clifton, 1996, pp. 7-23).
Accounts like these constitute a general class In contrast with constraint satisfaction ac-
called constraint satisfactionaccounts (e.g., counts, Frazier's (1979yarden pathaccount
MacDonald, Pearlmutter, & Seidenberg, 1994proposes that comprehenders compute syntact
Spivey-Knowlton & Sedivy, 1995; Trueswell, analyses one at a time. When faced with &
1996; Trueswell, Tanenhaus, & Kello, 1993)temporary syntactic ambiguity, the parser
These accounts propose that people compuadopts only the first available analysis. Genera
more than one analysis for syntactically ambigprinciples likelate closureandminimal attach-
uous fragments. The parser consults all relevantentdetermine which analysis becomes avail-
sources of information, including subcategoriable first. Crucially, nonstructural information,
zation preferences, semantic plausibility, antike semantic plausibility or preceding context,
discourse context, to rank the different analysebas no influence in the choice of an initial
As described above, when all relevant sourcemnalysis. After an initial choice has been made
of information are already available at the poina thematic processor uses a broad range of ir
of ambiguity, reading will be slowest when theformation, including semantic plausibility and
various sources of information result in the mogpragmatics, to assess the quality of the resulting
equal activation of the alternative interpretainterpretation (e.g., Rayner, Carlson, & Frazier,
tions. Constraint satisfaction accounts have alsk®83). If the thematic processor finds the initial
been applied to the case where information amnalysis deficient in some way, it may trigger
riving later in a sentence conflicts with infor-syntactic reanalysis. This model accounts for
mation that was used earlier. Disruption occurdisruption of processing observed in numerou:
when a previously favored analysis becomesxperiments (Ferreira & Clifton, 1996; Frazier
disfavored on the basis of newly encountere& Rayner, 1982, 1987; Mitchell, 1987; Mitchell
text. It takes time for the system to reorder it& Holmes, 1985; Rayner et al., 1983; Rayner &
preferences, and the more evidence there whsazier, 1987; Rayner, Garrod, & Perfetti, 1992;
for the initially preferred analysis, the moreTraxler & Pickering, 1996a), but has been chal-
difficult it will be for the system to do this. lenged by data suggesting that late closure doe
Considered together, these mechanismsiof not apply universally (Brysbaert & Mitchell,
multaneousndsuccessiveompetition provide 1996; Carreiras & Clifton, 1993; Cuetos &
an explanation of differential difficulty at the Mitchell, 1988) or that the parser can acces:
point of syntactic disambiguation on the basis afionstructural information very rapidly during
subcategorization information (e.g., Trueswelparsing (Altmann, Garnham, & Dennis, 1992;
et al.,, 1993; but cf. Ferreira & HendersonAltmann & Steedman, 1988; Britt, 1994, Britt,
1990), animacy (e.g., Trueswell, Tanenhaus, &erfetti, Garrod, & Rayner, 1992; Taraban &
Garnsey, 1994), and referential context (e.gMcClelland, 1988; Trueswell, Tanenhaus, &
Altmann & Steedman, 1988). They also clainGarnsey, 1994).
to accommodate individual differences in pars- The construalhypothesis (Frazier & Clifton,
ing (e.g., MacDonald, Just, & Carpenter, 19921996) represents an alternative to both tradi
Pearlmutter & MacDonald, 1995; but see Wational garden path and constraint satisfactior
ters & Caplan, 1997), variations in parsingaccounts. Construal proposes two classes of re
across languages, changes in parsing preféations between constituents in sentences: pri
ences within individuals over time, and syntacmary and nonprimary. A primary phrase or re-
tic priming (e.g., Cuetos & Mitchell, 1988; Cue-lation is defined as the subject or main predicate
tos, Mitchell, & Corley, 1996; Branigan, of any finite clause or a complement or obliga-
Pickering, & Stewart, 1997). None of these extory constituent of a primary phrase. A nonpri-
periments, however, provides unambiguous evrary phrase is a phrase that cannot be taken f
idence for unrestricted use of information durbe a primary phrase. Construal assumes furthe
ing initial parsing nor for competition betweenthat text that can be temporarily taken as instan
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tiating a primary relation will be treated as if itcould attach to either the first or second noun
does instantiate a primary relation even if th€uetos and Mitchell also obtained judgments
text does not actually instantiate a primary rethat suggested that Spanish speakers prefer
lation. Primary relations are subject to structurattach modifiers to the first noun in a noun
ally guided parsing principles (like minimal phrase complex. They interpreted their on-line
attachment and late closure). Nonprimary releand judgment data as indicating a general pref
tions are subject to the construal principle. Therence in Spanish to treat modifiers following
construal principle stipulates that text instanticomplex noun phrases as modifying the first
ating nonprimary relations is associated withimoun in the complex. Brysbaert and Mitchell
the active theta domain as opposed to beind@996) tested Dutch translations of Cuetos anc
attached in a determinate fashion to a singlelitchell’'s sentences, and Zagar, Pynte, and Ra
node in a phrase marker. The active theta doiveau (1996) tested similar sentences in Frencl
main is defined as the (extended) maximal prand observed faster reading when the first noul
jection of the most recent theta-assigner. Textas modified than when the second noun was
instantiating a nonprimary relation is evaluatedhese data contradict Frazier's (1979) principle
using any available information in the associaef late closure,under which modifiers should
tion domain. If more than one potential attachattach to the second noun phrase.
ment site for a nonprimary relation is available Other studies on similar constructions in En-
within the active theta domain, the system evalglish (Carreiras & Clifton, 1993; Clifton, 1988)
uates potential attachment sites simultaneousignd Italian (De Vincenzi & Job, 1993, 1995)
However, at the present time, the construal hysroduced different results. Carreiras and Clifton
pothesis does not provide a precise specificatiarsed self-paced reading to investigate sentence
of how this evaluation is carried out. We will with relative clause modifiers and did not find a
propose one way in which the construal mechzonsistent attachment preference (although the
anism could perform this evaluation in the Genshowed a first-noun advantage for the Spanis
eral Discussion. translations of their English sentences). In ad-
In the experiments we present below, waelition, De Vincenzi and Job tested prepositional
looked for evidence of competition betweerphrase and relative clause modifiers in Italian.
syntactic analyses in addition to testing predidn questionnaire studies, they found that Italian
tions made by the construal hypothesis anspeakers preferred to attach modifiers to the firs
other syntactic parsing accounts (e.g.,tth@ing noun phrase in noun phrase complexes when tr
hypothesis; Cuetos, Mitchell, & Corley, 1996;noun phrase complex contained the prepositiol
Mitchell, Cuetos, Corley, & Brysbaert, 1995).0f, which is what Cuetos and Mitchell found for
Before describing our experiments in detail, wéheir Spanish speakers. However, De Vincenz
will briefly describe previous experimentaland Job found that when they changed the preg
work on sentences similar to those we testedosition in the noun phrase complex teith,
Italian speakers preferred to attach the modifie
RESEARCH ON MODIFIERS FOLLOWING tg the second noun in the noun phrase comple>
COMPLEX NOUN PHRASES Despite this difference in off-line preferences,

Cuetos and Mitchell (1988) tested preposiself-paced reading experiments demonstrate
tional phrase and relative clause modifiers, ughat Italian readers were initially faster to read

ing Spanish versions of sentences like (1) both prepositional phrase and relative clause
modifiers that were semantically forced to mod-

ify the second noun phrase than ones that moc
ified the first noun phrase.

Readers took longer to process disambiguat- A further study compared Spanish and En-
ing material (here the italicized words) when thelish speakers’ preferences in experiments the
modifier had to attach to the second noae-( manipulated the type of preposition and the
tresg in the noun phrase complex than when isemantic relation between the two nouns in the

Someone shot the male servant of the actress who was
standing on the balconyith her husband(1)
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noun phrase complex (Gilboy, Sopena, Cliftontested the claim that readers process prepos
& Frazier, 1995). In questionnaire studies, Giltional phrase modifiers differently than relative
boy et al. found that the relationship betweerlause modifiers. Experiment 2 used a differen
the nouns in the complex affected attachmerkind of disambiguation to confirm and extend
preferences for both Spanish and English speakevel findings from Experiment 1. Experiment
ers. Further, they demonstrated that there weBetested the claim that the semantic relationshi
some kinds of complex noun phrases whicbetween nouns in complex noun phrases affect
resulted in first noun modification preferencesnodifier processing.
in both Spanish and English and other types of
complex noun phrases which resulted in sec- PROCESSING PRIMARY AND
ond-noun modification preferences in both lan- NONPRIMARY RELATIONS
guages. These findings challenge the assump-gyperiment 1 tested sentences like (2) anc
tion that readers treat all sentences containingy.
noun phrase complexes followed by a modifiet
in the same fashion. Gilboy et al. proposed that The driver of the car with the moustache was pretty
Cuetos and Mitchell's (1988) results reflect the 0! (2)
- o . The driver of the car that had the moustache was
specific characteristics of their test sentences
. . . pretty cool. (3)

rather than a difference in parsing between En-
glish and Spanish. However, they did not Sentences (2) and (3) begin with a noun
present any on-line data, and additional eviphrase complex containing two noun phrases. £
dence is needed to clarify these issues. modifier (a prepositional phrase or relative

Some on-line data are available from a studglause) that must be assigned to one or the othe
of relative clause and prepositional phrase moaf the noun phrases in the complex follows the
ifier attachment in German (Hemforth, Koniecnhoun phrase complex. Semantic plausibility
zny, & Scheepers, in press). Hemforth and herompels the reader to attach the modifiel e
colleagues reported that German speakedsiver because drivers can have moustaches b
showed a preference to attach relative clausmars normally do not. However, before reader:
modifiers to the first noun phrase in a nournterpret either analysis, either noun phrase
phrase complex in both questionnaire and eyeould serve as the host for the modifier. Accord-
tracking studies. By contrast, German speakeiisg to the garden path theory, readers shoul
preferred to attach prepositional phrase modifprefer to follow late closure and attach the mod-
ers to the second noun phrase in the compleifier to the most recent noun phrase. According
Thus, German speakers appear to treat relatit@ constraint satisfaction, both attachment site:
clause and prepositional phrase modifiers difwill be considered, but one site may be pre-
ferently. ferred, depending upon the particular character

In this article, we contrast different accountsstics of the lexical items in the sentence, con-
of human sentence processing by investigatirtgxtual influences, and individual differences
attachment of modifiers to noun phrase combetween readers.
plexes likethe servant of the actres3hree According to construal, processing of the
eye-tracking experiments provide a test of sevnodifier depends on whether it is taken as ¢
eral claims associated with constraint satisfagrimary or nonprimary phrase. The construal
tion parsers (e.g., MacDonald et al., 1994hypothesis clearly classifies relative clauses a
Spivey-Knowlton & Sedivy, 1995; Trueswell etnonprimary phrases. It is less clear about how i
al., 1993) and structurally guided parsers (e.gclassifies prepositional phrases. At one point (p
De Vincenzi & Job, 1995; Frazier, 1979). In153), Frazier and Clifton (1996) stdte. . PPs
addition, we tested several predictions made kg the V-NP-PP configuration do not behave on
the construal hypothesis (Frazier & Clifton, par with relative clauses. PPs are initially min-
1996) that also follow from Gilboy et al.’s imally attachd . . .” However, at another point
(1995) questionnaire findings. Experiment 1p. 41), they state that “A phras . .that has no
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potential licenser in its local context (e.g., a EXPERIMENT 1
prepositional phrase attached to a subject NP
headed by a noun that assigns no theta rol?é
cannot be taken to instantiate a primary phrase.

These two quotes assume environments thatThe driver of the car with the moustache was pretty
differ in the presence of a verb in the position of cool. (2a) o

a possible theta-assigner. However, they reflect I;‘; Cgbg’f the driver with the moustache was pretty
a substantial degree of uncertainty within the The.son of the driver with the moustache was pretty
theory about the exact conditions under which a cool. (2¢)

phrase will be taken as primary. What if the The driver of the car that had the moustache was
subject noun assigns a theta role—will a fol- Pretty cool. (3a)

lowing PP be taken to be primary? What if the The car of the driver that had the moustache was
. . . . pretty cool. (3b)

Vin the V-NP-PP configuration assigns no theta The son of the driver that had the moustache was
role appropriate for the PP? Will the PP then be pretty cool. (3c)

taken as nonprimary? )

In brief, the construal hypothesis provides 1he sentences all began with a noun phras
some justification for potentially distinguishingCCMPIex containing two noun phrases followed
between the status of prepositional phrases af¥f & modifier that was temporarily or globally
relative clauses. However, it does not clear@MPiguous as to which noun phrase it modified

state just how a prepositional phrase will b n sentences (2a) and (3a), semantic plausibilit)

treated in which environment. One goal of thé:omp_elled read_ers o attach the_ modifying ex-
ression to the first noun phrase in the complex

present experiments was to begin to gather eX-

perimental evidence that might be relevant to ttaching the modifier to the first noun phrase
formulating such a clear statement produced a plausible interpretation; attaching

Now consider processing of sentence (3)'che modifier to the second noun phrase pro:

: . duced an implausible interpretation. In sen-
This sentence differs from sentence (2) 0n|¥ences (2b) and (3b), semantic plausibility com:-

in that the modifier is a relative clause rath?‘belled readers to attach the modifying
than apreppsitional phr?‘se-AFCOrdi”gto, co expression to the second noun phrase in th
strual, relative clauses instantiate nonprlmaré(omplex_ In sentences (2¢) and (3c), either at
relations and therefore the modifier should b{aachment produced a plausible interpretation
associated within the current theta domaify, ;s there were three attachment conditions
rather than attached in a determinate fashiopa siple attachment to the first noun phrase ir
Because the prepositioof does not assign a sentences (2a) and (3a), plausible attachment 1
theta role to the following noun phras@e {he second noun phrase in sentences (2b) ar
car, the active theta domain when readergsp) and plausible attachment to either nour
reach the modifier includes both noun phrasepsnrase in sentences (2c) and (3c).

in the complex. Because the modifier instan- previous eye-tracking studies have found tha
tiates a nonprimary relation, and because tWaders have longer fixations or make more
host noun phrases are available in the activggressive saccades when viewing text that pro
theta domain, readers should evaluate boduces an implausible semantic interpretatior
noun phrases as hosts for the modifier simu(Clifton, 1993; Pickering & Traxler, 1998:;
taneously. If processing of the modifier inRayner et al., 1983; Traxler & Pickering,
sentences like (2) differs from processing 0i996b). Thus, differences in the eye movemen
the modifier in sentences like (3), then thisecord between attachment conditions shoulc
would suggest that readers treat prepositionadveal which attachments readers make whe
phrase modifiers in the configuratiomoun processing sentences like (2a—2c) and (3a—3c
phrase of noun phrase prepositional phrase Experiment 1 also manipulated modifier
as primary. type: prepositional phrase versus relative

Experiment 1 investigated processing of sen
nces like (2a—2c) and (3a—3c); see Appendix
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clause. The construal hypothesis suggests tHalausibility Norming
these types of modifiers might be processed

differently. To determine the plausibility of the noun

phrase+ modifier combinations, 20 raters as-
- signed ratings to 127 sentences like (4a—4c) an
Participants (5a-5¢):
Forty-eight native (British) English speak- _ ,
ers from the University of Glasgow were paid "¢ driver with the moustache .
was pretty cool. (4a) (mean rating 6.1)

to participate in the eye-tracking phase of the ¢ car with the moustache

study. All of them had normal vision or wore was pretty cool. (4b) (mean rating 1.0)

corrective lenses. All were naive with respect The son with the moustache _

to the aims of the experiment. Some had Was pretty cool. (4c) (mean rating 5.8)
.. di . ki . The driver that had the

participated in previous eye-tracking experi- ,ciache was pretty cool.

ments. The participants were randomly as- (5q) (mean rating= 6.0)

signed to one of two groups of 24 participants The car that had the

each. The first group read sentences contain-moustache was pretty cool.

ing prepositional phrase mod|f|e_rs_. The SEC- The son that had the

ond group read sentences containing relative-moustache was pretty cool.

clause modifiers. (5¢) (mean rating= 5.7)

(mean rating= 1.0)

ltems Raters assigned each sentence a score from
(makes no sense) to 7 (makes perfect sense). A
The items constituted two sets of 24 senof the items in the plausible conditions (4a and
tences. The first group of items contained sentc) and (5a and 5c¢) received mean ratings of
tences like (2a—2c), where the modifier was @r above. Further, there were no differences ir
prepositional phrase. The second group of itemaean plausibility between the two plausible
contained sentences like (3a—3c), where thsnditions (4a and 5c; 5a and 5c). All of the
modifier was a relative clause. One version dtems in the implausible conditions (4b) and
each item was randomly assigned to one dbb) received mean ratings of 2 or below. We
three lists of items. The items were rotatedhcluded in the experiment all of the sets of
across lists such that each item occurred in eailems where all of the different versions satis-
of its conditions. Each participant saw only ondied the plausibility criteria.
version of each item.
Because the nouns in the noun phrase corttachment Preferences
plexes differed between conditions, we counter- paaders’ ultimate decision about where to

balanced for animacy. ACross items, animatgiach the modifier should be affected by the
and inanimate nouns occurred in the first a”glausibility of the result. Thus, readers should
second positions equally often. Note that not alfecide ultimately to attach the modifier to the
items had subject noun phrases with one anfyst noun phrase in the complex in sentence:
mate and one inanimate noun. Some of th®a) and (3a) and to the second noun phrase i
items had animate—animate pairs and some hg¢k complex in sentences (2b) and (3b). Tc
inanimate—inanimate pairs. determine what preference, if any, readers ha

There were also 84 filler items. Twenty-eighin the fully ambiguous sentences (2c¢) and (3c)
of these items contained an unreduced compl@re undertook two separate norming studies. Ir
ment that could temporarily be taken to be ahe first, two groups of 20 raters read a random
relative clause (e.gWe explained to the schoolized list of the fully ambiguous versions of the
that the man founded the library nedihat were experimental sentences. Testing a semanticall
part of another experiment. The other fillerambiguous condition is a commonly used meth:
were of varying syntactic types. odology to test for syntactic preferences (e.g.
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Cuetos & Mitchell, 1988; Gilboy et al., 1995).instructed to write down the first grammatical
One group read sentences containing preposind meaningful continuation that they could
tional phrase modifiers and the other group reatiink of. They were then given a second booklet
sentences containing relative-clause modifiersontaining the experimental fragments and twc
After reading each sentence, the readers aparaphrase fragments (e.g-he son had..
swered a question like (6) by circling one of twoand The driver had .. ), balanced for order
options. across questionnaires, and were told to indicat
which of these fragments best corresponded t
their completion. Some studies have shown tha
The order of the options was counterbalancecbmpletion data correlate with reading mea-
across participants and items. In sentences wislures, so that locally ambiguous sentences th:
prepositional phrase modifiers, readers indeontinue with a syntactically more frequent type
cated that the modifier attached to the secoraf completion are easier to process than one
noun phrase in the complex 74% of the time. lthat continue with a syntactically less frequent
sentences with relative-clause modifiers, readype, though others have not found this relation
ers indicated that the modifier attached to thehip (e.g., Clifton, Kennison, & Albrecht, 1997;
second noun phrase in the complex 68% of thErueswell, 1996).
time. One-way ANOVAs including modifier Some constraint-satisfaction theorists have
type (prepositional phrase vs relative clause) ggoposed that sentence completion norms pra
a within-items factor produced a marginal difvide the best estimate of the relative initial
ference in strength of the attachment preferen@etivation of competing analyses and hence thi
between the prepositional phrase modifiers argkst predictor in a constraint satisfaction frame-
the relative-clause modifiers in the items anawork (McRae, Spivey-Knowlton, & Tanenhaus,
ysis [F2(1,23)= 4.22,p = .051,MS, = .006] in press; Tanenhaus et al., in press). This ser
but not in the participants analysiBf(1,39)<< tence completion technique has a number o
1, NS]. Note that the preference to attach to thgroblems, however, that do not apply to the
second noun phrase differs reliably from ndorced-choice task. As noted by Trueswell
preference for both relative clause and preposf1996), the completion task involves production
tional phrase modifiers. Sixteen of 20 particiand therefore rests on the highly debatable as
pants and 21 of 24 items produced a preferensamption that production and comprehensior
for attachment to the second noun phrase (crithaw upon the same sources of information in
ical value ofy; = 15, p < .05; critical value of the same way. Second, sentence completio
X2 = 18,p < .01). For the prepositional phrasemay not reflect normal production processes
modifiers, 16 of 20 participants and 21 of 24~or example, participants may try to finish off
items produce a preference for attachment to ttsentences with as few words as possible, ir
second noun phrase,(< .05, p, < .01). which case they might favor a shorter type of
In the second norming study, 38 participantsompletion over a more frequent one. Finally,
read sentence fragments that constituted the bene problem specifically associated with our
ginnings of the sentences that appeared in tlxperiment is that many of the completions will
eye-tracking experiment, in the same order, arttb syntactically ambiguous. Scoring of these
including filler sentences. The experimentatesponses would therefore be subject to the
sentences were cropped just before the head sdme biases as the forced-choice task. Unde
the modifier. That is, if the experimental senthese conditions, we concluded that the leas
tence wereThe son of the driver with/that had bad option was for the participants to score thei
the moustache was pretty cothen the partic- own responses after finishing the completion
ipant would se€lhe son of the driver that had task and without prior warning. We excluded all
the.... The filler sentences were cut off attrials on which participants said that they did
various points so that they appeared similar toot know which paraphrase was correct (1.2%)
the experimental items. The participants were Whatever shortcomings the two types of

Who had a moustache? the son the driver (6)
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norming task may have had, they producetland corner of the screen. Immediately aftel
nearly identical estimates of participants’ atreaders fixated the+” symbol, the computer
tachment preferences. In the second normingjsplayed an item, with the first character of the
study, participants preferred to attach relativeext replacing the +” on the screen. The+”
clause modifiers to the second noun phrase symbol also served as an automatic calibratiot
the complex 71% of the time (vs 68% for thecheck, as the computer did not display the iter
previous norming test). Prepositional phrasantil it detected stable fixation on the-” sym-
modifiers produced 79% attachment to the sebol. If readers did not rapidly fixate the+"
ond noun phrase (vs 74% for the forced-choiceymbol, the experimenter recalibrated the eye
task). ANOVAs including modifier type (prep- tracker. When readers finished reading eacl
ositional phrase vs relative clause) showed littlékem, they pressed a key, and the compute
difference in strength of the attachment prefereither displayed a comprehension question, ol
ence between the prepositional phrase modifiea®out half of the trials, balanced across condi
and the relative clause modifiers in the sentendi®ns, or proceeded to the next trial. Half of
completion data F1(1,36) < 1, NS, MS, = these questions had “yes” answers, half ha
0.056;F2(1,23)= 2.87,p = .10, M§, = .027]. “no.” For example, the test sententke bishop
Further ANOVAs tested whether the type ofof the church with the funny eyebrows made u:
norming task affected the degree of attachmenty. was followed by the questioid the
preference. Test type (forced choice vs compldsishop make us laughReaders responded to
tion task) and sentence type (prepositiondhe questions by pressing a button and did no
phrase vs relative clause modifier) were treata@ceive feedback on their answers. Their an
as within items and between subjects. Thesavers were not recorded. After readers com
ANOVAs produced no main effects or interacpleted each sixth of the experiment, the exper
tions with test type (alF < 1), demonstrating imenter recalibrated the equipment. Thus, the
that attachment preference was the same acrasge-tracker was calibrated a minimum of six
the two tests. times during the experiment and often more.
The computer displayed each experimental lis
in a fixed random order together with the filler
An SRI Dual-Purkinje Generation 5.5 eye-sentences. The first two sentences and the fir:
tracker monitored readers’ eye movements. Thevo after each calibration were fillers. The com-
tracker has angular resolution of "1@rc. The puter displayed all sentences on a single line.
tracker monitored only the right eye’s gaze lo- .
cation. A PC displayed items on a VDU 70 cnfR€9ions
from readers’ eyes. The VDU displayed four We divided the sentences into five regions for
characters per degree of visual angle. Th&tatistical analysis (see Appendix for region
tracker monitored readers’ gaze location evergoundaries). Region 1 included the first noun
millisecond and the software sampled the trackshrase in the complex. Region 2 included the
er's output to establish the sequence of eyerepositionof and the second noun phrase. Re-
fixations and their start and finish times. gion 3 included the beginning of the modifying
Before the experiment started, readers reakpression up to the head noun in the modifier
an explanation of eye-tracking and a set dRegion 4 included the head noun of the modi-
instructions. The instructions told them to readier. Region 5 included the rest of the sentence
at their normal rate and comprehend the texts #@dl of the regions included the character space
well as they could. The experimenter themmmediately before the first word in the region.
seated the participant at the eye-tracker and
used bite bars and forehead restraints to mini/€asures
mize head movements. Next, readers completedWe report three measures of processing: first
a calibration procedure. Before each trial, @ass gaze duration, total time, and first-pas
small “+” symbol appeared near the upper leftregressions. First-pass gaze duration is the sul

Procedure
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total of fixation times starting with the reader’son-line processing should reflect off-line pref-
first fixation inside the region until the reader'serences. For our sentences, readers prefer
gaze leaves the region, either to the left or to thattach modifiers to the second noun phrase i
right. Total time is the sum of all the reader'sthe complex. Thus, for the disambiguated sen
fixation times within the region. First-pass retences, constraint satisfaction accounts predic
gressions include all eye movements that crosksat (2a) should be harder than (2b) and (3a
the region’s left boundary that are initiated durshould be harder than (3b). In addition, there is
ing a first-pass fixation in the region. In additionittle difference in the strength of the preference
to reporting means based on participants’ ralvetween prepositional phrase modifiers and rel
reading times, we also report deviation scoregtive clause modifiers. Thus, constraint satisfac
for first-pass and total times. These deviatiotion does not predict marked differences in pro-
scores were computed according to the methagssing between sentences with prepositione
suggested by Ferreira and Clifton (1986). Aphrase modifiers and sentences with relative
automatic procedure computed a regressiartause modifiers. Further, for individual items,
equation for each participant using all itemsstrength of preference for attaching the modifiet
including fillers, that the participant read. Foito one or the other of the noun phrases in the
each region, the reading time predicted by theomplex should correlate with fixation times.
participants’ regression equation was subtractdtbr example, as the preference for attachment t
from the actual measured reading time. Thushe second noun phrase increases, fixation time
positive scores indicate slower-than-predicteshould decrease during processing of the mod
processing and negative scores indicate fastéfier in sentences where the modifier attaches t
than-predicted processing. All of the analysethe second noun phrase.
we report are based on these deviation scores.Additional predictions of the constraint-
Analyses using the raw scores produce nearhased account depend on how the normativi
identical results and so we do not report thenpreference percentages are assumed to map or
the process of settling on a single analysis. If
for example, the 68% figure for relative clauses
An automatic procedure incorporated fixaindicates that they are balanced in the way tha
tions of less than 80 ms into the largest fixatiommbiguous words with similar distributions of
within one character. In the next stage, the praneanings are balanced, then the constraint
gram eliminated all individual fixations greaterased account predicts lengthier response time
than 1000 ms and less than 80 ms. These criteffiar the fully ambiguous sentences (2¢ and 3c]
eliminated 4.0% of the data from Experiment 1than for the disambiguated sentences (2a an
Individual fixations greater than 1000 ms gen2b, 3a and 3b) due to competition between
erally reflect instances where the eye-trackeaternative interpretations. If, on the other hand
loses track of the reader's gaze location anthe 68% figure is interpreted as showing a pref-
readers generally do not extract much informaerence for attachment to the second nour
tion during very short fixations (Rayner & Pol-phrase, meaning that the sentence correspon
latsek, 1989). to a biased ambiguous word, then we would
expect a faster response to sentences where t
modifier can attach to the second noun phras
The garden path account predicts that readef2b and 3c, 3b and 3c) than for sentences wher
will have more difficulty processing the modi-the modifier attaches to the first noun phrase (2
fier when the modifier attaches to the first nouand 3a).
phrase in the complex. Thus, readers should The construal account would make the same
process the modifier more slowly in sentencesrediction as the garden path account when th
(2a) and (3a) than in sentences (2b and 2c) amdabdifier is a prepositional phrase (sentence
(3b and 3c). 2a-2c), if a prepositional phrase following a
Constraint satisfaction accounts predict thagubject noun phrase is treated as a primar

Analyses

Predictions
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relation. It makes different predictions for pro-not for prepositional phrase sentences (devia
cessing relative clauses (sentences 3a—3c). Bmn score means of-41, —42, and—68 ms).
cause relative clauses can only instantiate non-Next, we further examined the main effect of
primary relations, they are subject to theattachment in the relative clause sentences onl
construal principle. Thus, readers should assecross regions 2 through 4. Tests for simple
ciate the relative clause within the active thetaffects showed that readers spent less time pre
domain and evaluate all attachment sites in thgessing regions 2—4 when the modifier coulc
domain simultaneously. In sentences (3a—ciitach to either noun phrase than when it had t
both noun phrases lie within the active thetattach to the first noun phrasé&1(1,23) =
domain during processing of the modifier, sd0.85,p < .01;F2(1,23)= 7.72,p < .01] or to
both sites should be evaluated as hosts for tiiee second noun phrasg](1,23)= 7.96,p <
modifier at the same time. Thus, construal pre01; F2(1,23)= 5.59,p < .03]. Total times for
dicts no difference in processing of the modifieregions 2—4 across sentences where the relati\
between sentences (3a) and (3b) because in bétause modifier attached to the first noun phras
casescar and driver are simultaneously as-Versus the second noun phrase did not diffe
sessed as potential attachment sites. Witho(RothF < 1).

elaborations, construal is mute on whether (3c) While the interaction between modifier type
should be faster or slower than (3a or 3b) and attachment did not reach Significance whel

examining the data pooled over regions 2
Results and Discussion through 4 (see 1st panel of Table 2), it did react

. . significance when region 4 (the head noun of
Table 1 presents mean first-pass time, totghe modifier phrase, where disambiguation ef.

time, and first-pass regressions by region angcts should be strongest) is examined (see 13t
condition for Experiment 1, as well as meamhane| of Table 2). As was found for the broader
first-pass and total time deviation scores. Tablggion, sentences with relative clause modifier:
2 presents the results of the statistical analysggy produce significant differences among the
on the deviation scores and regressions. attachment conditions, while sentences with
The first-pass and regressions data producggepositional phrase modifiers did not (see pan
only one reliable main effect (which we discusg|s 15 & 16 of Table 2). Total times on the head
below) and no interactions in any of the analynoun of the modifier in sentences with relative
ses. clause modifiers were shorter when the modifie
We subjected the total time data from regiongould attach to either noun phrase in the com
2—4to 2 (modifier type: prepositional phrase vglex than when it had to attach to the first noun
relative clause modifierx 3 (attachment: mod- phrase F1(1,23)= 9.39,p < .01; F2(1,23)=
ifier attaches to the first noun phrase vs secoryi13, p < .01] or to the second noun phrase
noun phrase vs either noun phrasep (region: [F1(1,23)= 12.81,p < .001;F2(1,23)= 12.13,
region 2 vs region 3 vs region 4) ANOVAs.p = .001]. Reading times on the head noun of
Modifier type was a between-participants aneghe modifier in sentences where the modifier
within-items factor. Attachment and regionattached to the first noun phrase did not differ
were treated as within participants and itemsrom reading times on the head noun of the
Examining this broad region should give ammodifier where the modifier attached to the sec:
indication whether readers responded consisnd noun phraseFg < 1).
tently throughout the sentence. The second Readers’ total reading times in the relative
panel of Table two shows a main effect oktlause sentences did not match the off-line pref
attachment. The third and fourth panels showrence for these sentences. Further, reade
that an effect of attachment is clearly present faspent less time processing the modifier wher
relative clause sentences (deviation score meamso analyses produced plausible semantic inter
of —2, —16, and—99 ms for first, second, and pretations than when only one analysis pro-
either noun phrase attachment, respectively) bdticed a plausible semantic interpretation, evel
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TABLE 1

Experiment 1: Mean Regressions and Reading Times by Region and Condition

569

Example target sentence:

Region 1 2 3 4 5
The driver of the car with the/that had the moustache was pretty cool.
Region
Modifier Modifier attaches to 1 2 3 42 5
First-pass reading time (MS)
Prepositional First noun phrase 440 414 358 346 649
Phrase Second noun phrase 471 430 349 338 68
Either 465 426 365 335 678
Relative First noun phrase 447 392 542 324 664
Clause Second noun phrase 434 415 494 320 64!
Either 422 403 525 314 650
Total reading time (MS)
Prepositional First noun phrase 616 754 562 519 891
Phrase Second noun phrase 641 772 578 482 92
Either 629 743 535 489 874
Relative First noun phrase 636 767 1040 529 1012
Clause Second noun phrase 702 826 968 547 96!
Either 631 728 869 447 887
First-pass regressions (%)
Prepositional First noun phrase 0 15 11 12 53
Phrase Second noun phrase 0 13 8 16 44
Either 0 16 5 12 53
Relative First noun phrase 0 16 12 26 69
Clause Second noun phrase 0 22 12 23 67
Either 0 22 9 17 64
First-pass reading time (MS deviation from predicted)
Prepositional First noun phrase 36 —-104 -93 -13 122
Phrase Second noun phrase 72 -89 —103 -22 161
Either 65 -96 —88 —24 151
Relative First noun phrase 51 -115 -19 —26 145
Clause Second noun phrase 41 -99 —-62 -32 128
Either 31 —109 -27 —38 135
Total reading time (MS deviation from predicted)
Prepositional First noun phrase 25 —28 -99 3 97
Phrase Second noun phrase 56 -9 -83 -35 102
Either 44 —43 -135 -27 81
Relative First noun phrase -5 —76 90 -21 141
Clause Second noun phrase 32 —36 -7 -5 107
Either -5 -126 -57 -113 22

2 Region4 corresponds to the head noun of the modifier.
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TABLE 2

Experiment 1: ANOVA Results by Region for Modifier (Prepositional Phrase vs Relative Clause) and Attachmen
(Modifier Attaches to First vs Second vs Either Noun Phrase)

Example target sentence:
Region 1 2 3 4 5

The driver of the car with the/that had the moustache was pretty cool.

Source F1 dfl F2

Modifier X attachment, regions 2, 3, add combined

First-pass deviation <1 (3594) 2,92 <1 (4604)

Total time deviation 2.14 (23225) 2,92 1.92 (27075)

Regressions <1 (135) 2,92 <1 (168)
Attachment, regions 2, 3, anticombined

First-pass deviation <1 (4325) 2,92 <1 (5128)

Total time deviation 7.06* (23225) 2,92 3.72* (45390)

Regressions 1.30 (135) 2,92 <1 (278)

Prepositional phrase sentences, attachment, regions 2,
3, and4 combined

First-pass deviation <1 (2863) 2,46 <1 (4118)
Total time deviation 1.09 (15389) 2, 46 <1 (27091)
Regressions <1 (118) 2, 46 <1 (165)

Relative clause sentences, attachment, regions 2, 3,
and4 combined

First-pass deviation <1 (4325) 2,92 <1 (5128)

Total Time Deviation 6.35** (31060) 2,92 4.50* (45374)

Regressions 1.16 (153) 2,92 <1 (281)
Modifier X attachment, region 2

First-pass deviation <1 (6021) 2,92 <1 (6926)

Total time deviation <1 (18420) 2,92 1.07 (25263)

Regressions <1 (180) 2,92 <1 (168)
Attachment, region 2

First-pass deviation <1 (6021) 2,92 <1 (6998)

Total time deviation 2.50 (18420) 2,92 1.07 (44993)

Regressions <1 (180) 2,92 <1 (195)
Prepositional phrase sentences, attachment, region 2

First Pass Deviation <1 (7126) 2, 46 <1 (6883)

Total Time Deviation <1 (15860) 2,46 <1 (29716)

Regressions <1 (220) 2, 46 <1 (106)
Relative clause sentences, attachment, region 2

First Pass Deviation <1 (4916) 2, 46 <1 (7041)

Total Time Deviation 2.32 (20980) 2, 46 1.25 (40541)

Regressions 1.73 (141) 2, 46 <1 (257)
Modifier X attachment, region 3

First-pass deviation <1 (3597) 2,92 <1 (4275)

Total time deviation 3.05* (16557) 2,92 2.84 (18470)

Regressions <1 (131) 2,92 <1 (96)
Attachment, region 3

First-pass deviation 2.82 (3597) 2,92 1.35 (8067)

Total time deviation 6.14** (16557) 2,92 3.80* (27583)

Regressions 1.76 (131) 2,92 <1 (203)
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TABLE 2—Continued
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Source F1 dfl F2

Prepositional phrase sentences, attachment, region 3

First-pass deviation <1 (2371) 2,46 <1 (4573)

Total time deviation 1.49 (11473) 2, 46 1.43 (11964)

Regressions 2.15 (93) 2, 46 1.37 (127)
Relative clause sentences, attachment, region 3

First Pass Deviation 2.53 (4823) 2,46 1.72 (7770)

Total Time Deviation 6.24** (21641) 2, 46 4.11* (34089)

Regressions <1 (170) 2,46 <1 (172)
Modifier X attachment, regiod

First-pass deviation <1 (2124) 2,92 <1 (2023)

Total time deviation 4.35* (9403) 2,92 4.89* (8788)

Regressions 1.40 (135) 2,92 <1 (278)
Attachment, regior

First-pass deviation <1 (2080) 2,92 1.11 (2348)

Total time deviation 4.03* (10734) 2,92 3.25*% (14249)

Regressions 1.75 (196) 2,92 1.75 (187)
Prepositional phrase sentences, attachment, region

First-pass deviation <1 (1738) 2, 46 <1 (2269)

Total time deviation 1.24 (17878) 2, 46 1.11 (9386)

Regressions <1 (144) 2,46 <1 (176)
Relative clause sentences, attachment, redion

First-pass deviation <1 (2510) 2, 46 <1 (2103)

Total time deviation 7.49** (10929) 2,46 7.16** (11790)

Regressions 2.08 (244) 2, 46 2.40 (200)
Modifier X attachment, region 5

First-pass deviation <1 (14775) 2,92 <1 (15744)

Total Time Deviation 1.29 (26138) 2,92 <1 (31131)

Regressions 1.76 (225) 2,92 2.14 (256)
Attachment, region 5

First-pass deviation <1 (14775) 2,92 <1 (15174)

Total time deviation 2.32 (26138) 2,92 1.95 (19262)

Regressions 1.76 (225) 2,92 2.65 (197)
Prepositional phrase sentences, attachment, region 5

First-pass deviation <1 (16105) 2, 46 1.06 (10985)

Total time deviation <1 (22451) 2,46 1.89 (24300)

Regressions 3.21* (203) 2, 46 5.07* (192)
Relative clause sentences, attachment, region 5

First-pass deviation <1 (13445) 2, 46 <1 (18932)

Total time deviation 3.01 (29825) 2, 46 1.89 (24300)

Regressions <1 (246) 2, 46 <1 (262)

Note. ANOVAs treated attachment as a within-participants and within-items factor. Modifier type was treated a
between-participants and within-items factor. Degrees of freedom for participants analyses are as indicated. Degr

freedom for items analyses are (2, 46).

2 Region4 corresponds to the head noun of the modifier.
*p < .05; **p < .01; ***p < .001.MS, appear in parentheses.
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when the preferred attachment produced a plau- 4o - Balanced Biased
sible interpretation. Both of these findings chal-
lenge constraint satisfaction accounts. On th§ 10+
one hand, readers’ on-line processing shoul@

Modifier Attaches To:

V%74

. . > .
have reflected the operation of constraints (ag WFirst NP
determined by off-line measures). In this caseg -110 + 0 Second NP
B Either NP

the off-line data predicted shorter reading timeg,’
when the modifier attached to the second nourf,
and this did not occur. On the other hand, reads 1 .
ers should have taken longer to process thg Experiment 1
modifier when more attachment sites produced -260 -
plausible semantic analyses because of comperg, 1. Experiment 1, relative clause sentences. Mean
tition, and this also did not occur. Finally, theregotal time (deviation) scores on Region 4 for balanced anc
should have been no reliable differences beviased items by condition. The set of bars on the left
tween sentences with prepositional phrase motgpresents mean total tim_e (deviation) for balanced items
ifiers and relative clause modifiers (because tii%e set of bars on the right represents mean total time
. eviation) for biased items.

off-line preferences for the two types of sen-

tences were nearly the same), but there were.

It is possible that no competition occurred irsecond noun, and participants 17-24 saw n
the fully ambiguous sentences tested in thisalanced items where the modifier could attact
experiment because readers preferred tdo either noun. Thus, in the following analyses,
strongly to attach modifiers to the second noumissing data in the participant means were re
phrase in the complex. If the preexisting strucplaced by the grand mean (collapsing acros:
tural preference was too strong, no competitiononditions) for the region (Cohen & Cohen,
would occur, according to constraint satisfac1975).
tion models because the preferred interpretation If the more neutral items produced greater
would quickly out-compete the dispreferred incompetition, then the difference between the
terpretation. Note, however, that this would stilfully ambiguous items and the other types
leave unexplained long reading times when theghould be smaller in the balanced items than ir
modifier had to attach to the second nouthe biased items. Figure 1 shows results sepe
phrase. If this account is correct, then respongately for balanced and biased items. Total
times in the fully ambiguous sentences shoultimes on the head noun of the modifier acros:s
have increased as the structural bias weakengle two types of items are nearly identical. Item
To test this possibility, we separated the relativeype (balanced vs biased) and attachment di
clause sentences into two groups: one where thet produce reliable interactionBY < 1, F2 =
off-line preference to attach to the second nouh.22, NS). When the balanced items were ana
phrase in the complex was 65% or greater (blyzed separately, the main effect of attachmen
ased items); and one where the off-line preferemained F1(2,46) = 3.25,p < .05, MS, =
ence to attach to the second noun was betwe80623; F2(2,10) = 3.82, p < .06, MS, =
35 and 60% (balanced items). Using these crit3242]. As in the entire set of items, this main
teria, 18 of the items were biased toward attacteffect occurred because total times for the fully
ing to the second noun phrase, and 6 of thembiguous sentences were less than total time
items were balanced. By chance, the 6 balancéar sentences where the modifier had to attach t
items were distributed across experimental listhe first noun phrase in the complex1](1,23)
in such a way that each of the participants was 5.74,p < .02,MS, = 30623;F2(1,5)= 6.57,
missing data in one cell. Participants 1-8 saw < .05, MS, = 13242] or the second noun
no balanced items where the modifier attachguhrase in the complexfL(1,23) = 3.82,p <
to the first noun, participants 9—16 saw no bal-06, MS, = 30623;F2(1,5) = 4.98,p < .05,
anced items where the modifier attached to thdS, = 13242]. Total times on the two types of

/7777777
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disambiguated sentence did not diffés(< 1). interpreted with caution, as it comes from a
Thus, balanced items behaved much the sameragion where readers are presumably engagin
biased items. Reading times on the fully ambigin sentence wrap-up processes (cf. Rayner &
uous materials did not increase as the itenfollatsek, 1989) and because the greater nun
became more neutrally biased (the numericéler of regressions from sentences like (2a) an
difference, though not statistically significant(2c) did not lead to greater total reading times
was in the opposite direction). for those sentences. Still, the regressions effec
Next, we performed a correlational analysisnight indicate that readers had less difficulty
to test a further prediction of constraint satisprocessing sentences where the preposition:
faction accounts. According to such accountfhrase modifier attached to the second nou
processing time should reflect off-line preferphrase, which would be consistent with all cur-
ences. Thus, for each item, we subtracted thent accounts. However, the fact that sentence
total time (deviation) on the head noun of thdike (2c) produced an elevated number of re-
modifier when the modifier attached to the segyressions is consistent with an account in whict
ond noun phrase from the total time (deviationfompetition between attachment to the first
when the modifier attached to the first noumoun phrase and the second noun phrase di:
phrase. We then attempted to predict this difrupts processing.
ference using the strength of the preference for The implications of some other aspects of the
attachment to the second noun phrase. The prefata from Experiment 1 also remain unclear.
erence data used in the first regressions reportEitst, while prepositional phrases were not pro-
here came from the forced-choice test. We pecessed like relative clauses (as seems to be tt
formed all of the regressions a second timease in German; Hemforth et al., in press),
using the completion test to generate the prerepositional phrases did not show a clear pref
dictions. According to the constraint satisfacerence for modifying the second noun in the
tion account, the difference in processing timeomplex noun phrase, as had been predicted b
for attachment to the first versus second nouall theories. This finding may reflect some in-
phrase should increase as the preference feensitivity of the experiment or it may reflect
attachment to the second noun phrase increastee absence of an on-line preference for the firs
The obtainedr values, however, were-.003 versus second noun attachment in prepositione
using the forced-choice data as the predictgrthrase modifiers in English.
variable [(22) = —0.14, NS] and 0.65 using the  Second, the clearest effects observed for th
completion datat[22) = 0.31, NS]. Thus there relative clause sentences occurred in the tote
was no evidence that strength of preferend@me measure, not on first-pass time. Disruptior
affected processing. due to syntactic processing and disruption ef-
Finally, one effect in the regressions datfects due to other factors are sometimes ob
requires comment. The prepositional phrasgerved in first-pass time or even first fixation
sentences produced a main effect of attachmetithe (Frazier & Rayner, 1982), but precisely
in the regressions data from region 5, the findlow it appears seems to depend on a variety C
region in the sentence. This main effect ocfactors. Rayner, Sereno, Morris, Schmauder
curred because readers made fewer regressi@ml Clifton (1989), Rayner and Sereno (1994)
when the modifier attached to the second nowand Traxler, Bybee, and Pickering (1997) lay
phrase than when it attached to the firsbut some of the considerations. When materia
[F1(1,23)= 4.65,p < .04;F2(1,23)= 7.58,p that disambiguates a temporary ambiguity to-
= .01] or when it could attach to either nourward an unexpected interpretation appears, th
phrase F1(1,23)= 4.96,p < .04;F2(1,23)= eye can remain fixated longer than usual, re
7.64,p = .01]. Readers made the same numbgress back to an earlier region, or move forwarc
of regressions when the modifier had to attacim search of material to resolve the expectatior
to the first noun phrase as when it could attackiolation. Further, how quickly the eye re-
to either (bothFs < 1). This result needs to besponds to the disambiguation depends on th
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clarity of the disambiguation. When the disamsecond noun phrase produces a plausible s
biguation is carried by grammatical informationmantic interpretation.

(e.g., a part of speech inconsistent with the One might object to these conclusions be-
preferred interpretation), the response can ls@use this experiment produced no reliable dif-
very quick. But when disambiguation requiregerences in measures other than total time mee
inferencing or resolution of semantic interpresures. That is, if syntactic parsing theories are
tation, the response can be slowed. In sudgally accounts of initial processing preferences
cases, the eye may even move on to the netten all current syntactic parsing theories—in-
region and then return to the disambiguatinﬁ'Uding constraint-based lexicalist accounts—
region (or earlier regions), resulting in total imeare safe from these data. If the effects in this
rather than first-pass time effects. Our materiaRXPeriment were caused by subjects rereadin
apparently fell in the category of such slowSOMe kinds of sentences more than other klr_1d
disambiguation, which is reasonable enougff Sentences, then these data tell us nothin
given that semantic interpretation of a nonpri@Pout the early events in the syntactic parsing o
mary phrase was involved. The lack of first-pas&UCN sentences. What this line of reasonin
time and regressions effects may also reflect t{acks: though, is an answer to the question: Why
fact that disambiguating material was unavail™/"® subjects compelled to reread some kind

able until near the end of the noun phré'lseOf sentences more than other kinds of sen

. . . . ? i int- .
Finally, our critical region contained only atences. According to constraint-based account:

single word, which makes them rather shortep 0c€ssINg can be disrupted when incoming
) ) .data compel readers to reevaluate previousl

than many studies which produce effects in ; ! -
ePtabllshed parsing preferences. The degree

first-pass gaze duration data (€.g., Trueswell %|sruption depends on both the strength of the

al., 1993). reexisting preferences and the amount of evi

. What is F:IeatJr, glvzr:mthe obsferr:/e?jQ|ﬁer(:]nce§ence the incoming data provides against thos
In processing betweethe car of the driver that preexisting preferences. This logic has beer

had the moustaclm‘_ldthe son of the driver that used to account for the results of a number o
had the moustachds that readers must haveexperiments (see, e.g., Trueswell et al., 1993
evaluated the attachment of the relative clausleg94)_ Applying this logic to the current exper-
to the first noun, even when attachment to thg ant |eaves a number of questions unan
second noun was plausible. This evaluatiogyered: Why, if readers prefer initially to attach
slowed reading only when it resulted in an imyyqgifiers to first noun phrases, would readers
plausible analysis. Sheer competition betweghe compelled to reread sentences where attac
two plausible analyses did not result in slownent to the first noun phrase produces a semar
reading. Note that these conclusions are ngtally plausible interpretation? If, on the other
based on the absence of an effect, but rather @and, readers prefer to attach modifiers to sec
a reliable difference between two types of serond noun phrases, why are they compelled
tence where attachment of the modifier to theeread sentences where attachment to the se
ond noun phrase produces a semantically plat

* Carreiras and Clifton (submitted) report an eye-trackingible interpretation? Finally, if modifier attach-

experiment using gender-disambiguated relative clauses liﬂent results  from competition between
English which found faster first-pass reading times when the

relative clause modified the second noun-phrase than Whg{tematlve analyses’ Why are readers less ir
it modified the first. There are many possible reasons for tHelined to reread sentences where two alterna

difference between this result and the results reported in titves produce semantically plausible interpreta-
present article, including the fact that Carreiras and Clifttjons?
on’s materials used the complex noun phrase as object of In sum Experiment 1 provides evidence that

the main verb while the present materials used it as subject d did t istent] t tt ttact
of the sentence. It is possible that interpretation takes plaé’ga €rs did not consistently attempt fo attac

more quickly once the main verb provides the thematic roleg10difiers to either of the possible attachment
expressed in a sentence. sites (if they did, we would not have observed
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greater disruption in the disambiguated serkExperiment 2 provided further evidence about
tences than in the fully ambiguous sentenceg)rocessing of relative clause modifiers when
In particular, the finding of slow reading timestwo attachment sites were available in the active
when a relative clause must modify the seconttheta domain.
noun phrase in a complex, compared to when it |
can modify either one, seems to have strongd'ticipants
theoretical implications. Because of this, we Thirty-six native (British) English speakers
attempted to replicate the finding using differentrom the same pool as the previous experimen
materials. were paid to participate in the eye-tracking
phase of the study. Some had participated i
EXPERIMENT 2 previous eye-tracking experiments. We re-
Experiment 2 investigated processing of senmoved from all of the analyses three subject:
tences like (7a—7c): who made substantially more than the averag

The daughter of the colonel who shot herself on the number of regressions (collapsed across cond

balcony had been very depressed. (7a) tions).
The daughter of the colonel who shot himself on the
balcony had been very depressed. (7b) ltems

The brother of the colonel who shot himself on the We constructed 36 sets of sentences like (7a

balcony had been very depressed. (7c) 7¢); see Appendix. All of the sentences begar

These sentences differ from sentences (3awth a noun phrase complex containing two
3c) from Experiment 1 in that the relative clauseoun phrases connected by the non-theta-a:
modifier includes a reflexive pronoun that dissigning prepositiorof. All of the sentences con-
ambiguates attachment to the first noun phraseued with a relative clause modifier that begar
in the complex (7a) or the second noun phrasgith who. All of the relative clause modifiers
in the complex (7b), and the relative clauseontained a reflexive pronoumifnselfor her-
begins with the relativizewhorather tharthat. self) that disambiguated attachment of the mod-
In (7c) the relative clause modifier could attaclifier to the first noun phrase in the complex or
to either noun phrase in the complex. Thughe second noun phrase in the complex or per
whereas sentences (3a—3c) in Experiment rhitted attachment to either noun phrase in the
used plausibility to disambiguate, these sereomplex. We counterbalanced whether the firs
tences used gender agreement. Sentences (da-second noun phrases contained nouns th:
7c) resemble sentences (3a—3c) from Expernieferred to male or female entities betweer
ment 1 in that they begin with a noun phrasé&ems. There were also 86 filler items. Sixteen of
complex, the complex contains two nourthese of these sentences contained a compl
phrases, the noun phrases are connected bynent clause that could temporarily be taken a:
non-theta assigning preposition, and the modihe direct object of a preceding verb (e ldlike
fier is a relative clause. Thus, the processingupposed you and the others would come to th
implications are the same for sentences (3a—3party) These sentences were part of a furthel
and (7a—7c). experiment containing 32 items in all.

Frazier and Clifton (1996, pp. 79—-80) briefly
report an advantage when reflexive pronouﬁ%ﬁaehment Preferences
disambiguate attachment to the second noun inWe determined readers’ preferences as t
a noun phrase complex. They do not offer awhere the modifier should attach using the
explanation for why reflexive pronouns producdorced-choice procedure from Experiment 1 in
such a preference in their experiment, whereasghich raters saw ambiguous sentences like (7c]
other sentences in English with the same symverall, raters preferred to attach the modifier
tactic structure do not. Thus, it would be usefuto the second noun phrase 70% of the time
to have further data on the processing of refleXeompared to 68% for comparable sentence
ive pronouns following noun phrase complexedrom the previous experiment).
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Procedure instead the 70% figure corresponds to having :
The experimental procedure was identical tg@ased ambiguity, then the constraint-based pre

Experiment 1 with one exception: The test Serg!CFIOH is that (7b and 7c) should cause les:
tences in Experiment 2 were longer than thos%"chCUIty than (7a).

in Experiment 1. Thus, they were displayed Okegylts and Discussion

two lines separated by a blank line. The line , .

breaks always occurred within or after the fifth. Table 3 presents mean f|_rst-pass time, tota
region (the region following the reflexive pro-t'me’ and first-pass regressions by region an

noun). Line breaks occurred as indicated in th(éondition for Experiment 2. Table 4 presents the
Appendix results of the statistical analyses.

In Experiment 2, unlike in Experiment 1, the
Regions sharpest results were observed in the analysis

frequency of first-pass regressions. Region 5

T_he sentences were d|V|(_1Ied Into six scoring ;- immediately followed the reflexive pro-
regions for statistical analysis (see Appendix foﬁoun, produced a main effect of attachment (ir

region boun_daries). The ﬁrSF scoring region inTable 4). Sentences where the modifier attache
cluded the first noun phrase in the complex. Th&) the first noun phrase evoked more regression

second region included the preposition and ¢ an sentences where the modifier could attac

second noun phrase in the complex. The thirg) either noun phras&l(1.35)= 6.45.p = .01
region included the beginning of the modifyinng(1 29) = 9 gz D <[L(0’1] )Ther.e \;\?as some

expression up t_o th_e head noun in the_mOd'f'eE‘vidence that sentences where the modifier a
The fourth region _|nc|_uded the reflexive PrOached to the second noun phrase also evoke
noun. The fifth region included a short one- ©nore regressions than sentences where the mo

three-word adverbial or prepositional phras fier could attach to either noun phrase
The sixth and final region included the rest o F1(1,35)= 2.49,p = .11; F2(1,29)= 5.01,p

the sentence. < .03]. Sentences where the modifier attache

to the first noun phrase did not differ from
sentences where the modifier attached to th
We employed the same procedures for anadecond noun phrase in number of regression
ysis as in the previous experiment. A smal{ps< 1).
percentage (6.5%) of the data were removed The patterns in the first-pass and total times
due to track loss or extremely short fixations. gre very similar to the comparable conditions in
the previous experiment. As in the previous
experiment, reliable effects occurred in the total
The garden path theory and constraint satiseading time deviation scores. Across region:s
faction accounts predict that readers will tak@—4, the analyses revealed a main effect o
less time to process the modifier in (7b) when iattachment (modifier attaches to the first vs sec
attaches to the second noun phrase in the cownd vs either noun phrase; see Table 4). Reac
plex than in (7a) when it attaches to the firsting times were fastest when the relative clause
Construal predicts no difference in processingould attach to either noun phrase, intermediat
of the modifier between (7a and 7b) becausehen it had to attach to the first noun phrase
both noun phrases are available in the curreand slowest when it had to attach to the secon
theta domain when the reader encounters tim®un phrase (mean deviation times o187,
nonprimary relation expressed by the relative-59, and—34 ms respectively). The contrast
clause modifier. The constraint satisfaction adetween the ambiguous and the second nou
count predicts longer reading times for (7c) thaphrase conditions was significarf(1,35) =
(7b) on the assumption that the 70% preferen@&29,p < .01;F2(1,29)= 8.86,p < .01], while
for attaching the modifier to the second nouthe contrast between ambiguous and first nou
phrase corresponds to a balanced ambiguity. phrase did not reach significancél1f1,35) =

Analyses

Predictions
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TABLE 3

Experiment 2: Mean First-Pass and Total Reading Time, and First-Pass Regressions by Region and Conditior

Example target sentence:
Region 1 2 3 4 5 6

The daughter of the colonel who shot herself on the balcony had been upset.

Region

Modifier attaches to: 1 2 3 4 5 6

First-pass reading time (MS)

First noun phrase 462 412 361 251 438 903
Second noun phrase 463 422 358 243 457 868
Either 433 426 366 243 436 891

Total reading time (MS)

First noun phrase 723 740 576 376 650 1250
Second noun phrase 714 793 581 392 692 1228
Either 666 702 556 349 632 1249

First-pass regressions (%)

First noun phrase 0 13 9 11 16 60
Second noun phrase 0 12 9 10 13 58
Either 0 10 8 9 9 57

First-pass reading time (MS deviation from predicted)

First noun phrase 71 2 —38 -129 —-153 212
Second noun phrase 72 11 —42 —136 -135 183
Either 46 15 —33 —136 —151 201

Total reading times (MS deviation from predicted)

First noun phrase 107 100 -50 —225 —210 261
Second noun phrase 80 153 —45 —-209 -176 253
Either 49 62 —70 —252 —224 261

2 Region4 corresponds to the reflexive pronoun.

2.33,p > .13;F2(1,29)= 2.42,p > 13]. The revealed that readers had greater difficulty pro
contrast between the first noun phrase and seessing region 4 when the modifier could attact
ond noun phrase conditions also was not signife the second noun phrase than when it coul
icant [F1(1,35)= 1.83, NS;F2(1,29) = 2.02, attach to either noun phrasel[(1,35)= 6.18,p
NS]. < .02; F2(1,29) = 5.25,p < .03]. This repli-
Table 4 also presents the results of one-wagates the difference found in the relative clause
ANOVASs testing for the effect of attachment onsentences in the previous experiment. As in the
the data from regions 2-5 separately. The anabroader region, sentences where the modifie
yses on the reflexive pronoun (region 4) attaineattached to the first noun phrase and sentence
the standard level of significance in the subjectwhere the modifier could attach to either noun
analysis p1 < .05) and nearly in the items phrase did not differf1(1,35)= 2.36,p = .13;
analysis p2 < .08). Tests for simple effects F2(1,29) = 1.80, p > .19]. The first noun
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TABLE 4

Experiment 2: ANOVA Results by Region for Attachment Effect (Modifier Attaches
to First vs Second vs Either Noun Phrase

Example target sentence:

Region 1

4 5

The daughter of the colonel who shot herself on the balcony had been upset.

Region F1 F2

Regions 2, 3, and® combined

First-pass deviation <1 (2526) <1 (2526)

Total Time Deviation 4.15* (18367) 4.43* (16781)

Regressions 1.85 (84) <1 (87)
Region 2

First-pass deviation <1 (2862) <1 (2473)

Total time deviation 3.73* (20422) 4.89** (13212)

First-pass regressions 1.13 (122) <1 (107)
Region 3

First-pass deviation <1 (2478) <1 (2474)

Total time deviation <1 (8104) <1 (9257)

First-pass regressions <1 (60) <1 (63)
Region4

First-pass deviation <1 (971) <1 (971)

Total time deviation 3.15* (5366) 2.65 (6907)

First-pass regressions <1 (90) <1 (72)
Region 5

First-pass deviation <1 (5384) <1 (5384)

Total time deviation 2.03 (10715) 2.63 (9321)

First-pass regressions 3.29* (116) 5.13** (70)

Note. The ANOVAs treated attachment as a within-participants and within-items factor. Degrees of freedom
participants analyses are (2, 70). Degrees of freedom for item analyses are (2, 58).

2 Region4 corresponds to the reflexive pronoun.

* p < .05; *p < .01; **p < .001.MS, appear in parentheses.

phrase condition also did not differ from theattachment conditions in the balanced items
second noun phrase conditioRs(< 1). [N2-attached versus fully ambiguous items pro-
As in the previous experiment, we dividedduced a trend toward a difference wii <

items into balanced and biased categories on tt@3, p2 < .10]. However, when we compare the
basis of the rating task, using the same 65%iased and balanced materials, there is no mai
cutoff. Under these criteria, 9 items counted asffect of bias and no interaction of bias with
balanced and 21 items counted as biased. Figua#achment (allF < 1.32). Further, reading

2 shows total time (deviation) for the reflexivetimes on the fully ambiguous materials do not
pronoun for balanced and biased items. Thiacrease as they become more neutrally biase
balanced items produced little evidence for &inally, as in the previous experiment, we cor-
main effect of attachment in the total time (derelated the magnitude of the bias with the dif-
viation) data on the reflexive pronouRf(2,72) ference in reaction time between sentence
= 2.75,p < .08, MS, = 29204;F2(2,16) = where the modifier attached to the first noun
1.56, NSMS, = 7842]. Tests for simple effects phrase and sentences where the modifier a
also did not detect reliable differences betweetached to the second noun phrase. As in th
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ipants detected this anomalous attachment raj
idly.

T Balanced Biased

e Modifier Attach _ The construal hypothesis predicts that in sen
sl ° 'ﬁrﬁrs?a;:s ' tences like (7b), readers will associate the mod
O Second NP ifier within the current theta domain and asses:

(=
N
+

S Either NP all available attachment sites simultaneously
This prediction is consistent with the current
results, if one assumes that a single implausibls

Experiment 2 semantic interpretation can cause disruption
According to this account, sentences like (72
and 7b) produce disruption because readers s
FIG. 2. Experiment 2, mean total time (deviation) scoredNUltaneously interprehimselfas being poten-
on Region 4 for balanced and biased items by conditiofially coreferential withdaughterand colonel
The set of bars on the left represents mean total timand coreference betwednmselfand daughter
(deviation) for balanced items; the set of bars on the righéreates conflict.
represents mean total time (deviation) for biased items. The assumption that one implausible analysis
p p y
is enough to cause disruption would conflict
previous experiment, the two were not signifiwith explanations of previous experimental re-
cantly correlatedr] = .02,1(28) < 1, NS]. sults (Boland, Tanenhaus, Garnsey, & Carlson
This pattern of results, then, confirms thel995). Boland et al. investigated unboundec
pattern obtained in the previous experiment. Idependency constructions containing verbs like
particular, the finding of greater ease of procespersuadedthat have two available argument
ing of the fully ambiguous sentences was repslots. Readers did not experience disruption ot
licated, most clearly in the analysis of first-pasthe matrix verb when the direct object analysis
regression frequency. The data thus allow moggroduced an implausible interpretation, as in
confident conclusions about the processing dfhat’s the movie that John persuaded . Bo-
relative clause modifiers in English. The datdand et al. argued that disruption did not occur
create difficulty for constraint satisfaction mod-because readers simultaneously treatedieas
els on two counts. First, ease of processing direct object argument and as part of an in.
should reflect off-line preferences, and this didinitival phrase, as iThat’s the movie that John
not occur. In particular, readers should have haaersuaded the children to watcBoland et al.
no difficulty processing the modifier when itsuggested that if the direct object analysis pro.
attached to the second noun phrase because thated an implausible result readers fore-
was the preferred attachment, but readers dgtounded the alternative infinitival analysis at
experience difficulty. Second, reading timedittle or no cost. If the same argument were
should be long when context fails to resolve applied to adjunct modifier attachment, then nc
syntactic ambiguity, and this also did not occurdisruption should have occurred in sentence
These data also provide further evidence fdike (7a and 7b) from the current experiment, or
early processing of sentences containing relgentences like (3a & b) from the previous ex-
tive clause modifiers. Note that an attachmemteriment. Therefore, if the pattern we observec
effect occurred in the first-pass regressions daita these experiments holds in the resolution of
from the region immediately following the re-other attachment ambiguities, it may be the cas:
flexive pronoun. This difference, then, betweethat modifier attachment is handled differently
The daughter of the colonel who shot himthan verb argument assignment.
self. .. andThe brother of the colonel who shot
himself. .. provides further evidence that an EXPERIMENT 3
implausible attachment to the first noun phrase Experiment 3 examined processing of rela-
disrupted processing even when a plausible dive clauses in another type of sentence. Gilboy
ternative analysis was available and that partiet al. (1995) demonstrated that in an off-line

.
0
o

Total Time (ms - deviation)
~
)

V20 00
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judgment task Spanish and English speakersbun phrase 1 with noun phrase 2 relative
preferences for attaching a modifier dependedlausecompared to when it modifies the first
on whether the noun phrase complex containetbun.

a theta-assigning preposition. The construal hy-

pothesis explains this effect by suggesting th&tarticipants

when a modifier represents a nonprimary rela- Thirty-six native (British) English speakers
tion, readers associate the modifier to the cufrom the same pool as the previous experiment
rent theta domain and then evaluate all potentiglere paid to participate in the eye-tracking
hosts within that domain. In Experiment 3, Wephase of the study. Some had participated ir

tested sentences like (8a—8c), where only Orftevious eye-tracking experiments.
attachment site was available in the active theta

domain during processing of the modifier. Items

The steak with the sauce that was tough didn'twina ~ We constructed 36 sets of sentences like (8a
prize. (8a) 8c); see Appendix. All of the sentences begar
The ste;tl; with the sauce that was runny didn'twina \yith a noun phrase complex containing two
'T'Ezeét(ealz with the sauce that was tasty didn’t win a noun p_h_rase_s connected by the theta—a_ssugmr
prize. (8c) prepositionwith. All of the sentences continued
) ) with a relative clause modifier that began with
These sentences differ from those in the Prepa \we counterbalanced the positions of the
ceding experiments in the preposition usefj, ng in the noun phrase complex across item
within the complex noun phrase. In EXperiy, ansyre that irrelevant characteristics of the
ments 1 and 2, the prepositiofiwas used. This 1, ns gid not influence readers’ responses t
preposition transmits a theta role from the firsfe re|ative clause modifiers. The predicate ad
to the second noun rather than assigning a th§[g.iyes in the relative clause modifiers were
role itself. In this casepf takes a theta role ,otched for length and frequency [e.tpugh,
provided by the first noun phrase and assigns i,y andtastywere equally long and occurred
to the second noun phrase. In Experiment 3, the,, a1y frequently in the CELEX corpus of spo-
prepositionwith was used. This preposition asyay ang written English (Baayen, Piepenbrock
signs its own theta role to its object. In otherg | -, Rijn, 1993)]. There were also 86 filler
words, no theta role is transmitted from the ﬁrs&entences. Thirty-six of these were from an ad
to the second noun phrase. Thus, in sentencgional experiment and contained an initial
like (8a-8c), when readers encounter the moghy, aqe that could be interpreted either as a nou
ifier only the second noun phrase (.1 hrase or as a gerund (e.greeding sharks
saucg is available within the currently active qjghtened the visiting biologist in the wetsiit.

thetg domain. The rest were of various syntactic types. All
Gilboy et al. (1995) demonstrated that a relggnences were displayed on a single line.
ative clause following a noun phrase complex

was more likely to modify the second nounplausibility Norming

when the prepositiowith joined the two nouns To determine the plausibility of the noun

than wherof did. They interpreted this effect as hrase/modifier combinations, 20 raters as

rtin nstrual’s claim that a modifier is_. . .
Supporting construa’s cla at a modifie Sz{gned ratings to 228 sentences like (9a—9f):
associated to the domain of the most recen

theta assigner. This domain includes both nounstpe steak was tough. (9a) (mean6.8)
when the preposition in the noun phrase com- The steak was runny. (9b) (mean1.1)
plex is of but only the second noun when the The steak was tasty. (9¢) (mean6.2)
preposition iswith. This interpretation implies ~ The sauce was tough. (9d) (mean0.9)

The sauce was runny. (9e) (me&n6.5)

that an on-line experiment should demonstrate a;

. . . he sauce was tasty. (9f) (mean6.2)
reading-time preference when a relative clause
modifies the second noun in the configuratioRaters assigned each sentence a score from
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(makes no sense) to 7 (makes perfect sense). Akperience more difficulty processing the rela-
of the items in the plausible conditions (9a, 9ctive clause modifier in (8a) than in (8b and 8c).
9e, and 9f) received mean ratings of 5 or abov&he traditional garden path and constraint sat
All of the items in the implausible conditionsisfaction accounts make the same prediction ir
(9b and 9d) received mean ratings of 2 or behis case. Garden path theory proposes that la
low. closure applies and so attachment to the secor
noun phrase in the complex should be easiel
The constraint satisfaction prediction is basec
We determined attachment preferences fan the assumption that the items are biase
the sentences in Experiment 3 using the forcedsward attaching the modifier to the second
choice task from Experiment 1 in which ratersioun phrase.
decided which noun phrase the modifier re- . ,
ferred to in fully ambiguous sentences like (8c)Results and Discussion
Twenty participants indicated that the modifier Table 5 presents mean first-pass, total time
attached to the second noun phrase in the comnd first-pass regressions by region and cond
plex 81% of the time. Eighteen of 20 partici-tion for Experiment 3. Table 6 presents results
pants and 33 of 36 items produced a preferencé the statistical analyses.
for attachment to the second noun phrgse<t As in the previous experiment, the sharpes
.01; critical value ofy, = 25,p < .01). result occurred in the regressions data from the
region immediately following the critical re-
gion, in this case the region following the pred-
The experimental procedure was identical tacate adjective (region 5). This region produced
the previous experiment. a main effect of attachment (modifier attaches tc
the first vs second vs either noun phrase). Th
effect is the result of attachment to the first noun
For statistical analysis, we divided the senphrase producing more disruption than attach
tences into six scoring regions (see Appendiment to the second noun phradel(1,35) =
for region boundaries for each item). The firsi3.23,p < .001;F2(1,35)= 6.86,p = .01] or
region included the first noun phrase in thevhen attachment to either noun phrase was pos
complex. The second region included the presible [F1(1,35)= 14.26,p < .001;F2(1,35)=
osition and the second noun phrase in the cor8-57, p = .01]. Readers produced the same
plex. The third region included the following number of first-pass regressions when attach
text up to, but not including the predicate adment to both nouns was possible and when onl
jective in the modifier. The fourth region in-attachment to the second noun was possibl
cluded the predicate adjective of the modifiertboth F < 1). Note that this effect occurred in
The fifth region included the first two words ofthe same postcritical region as the regression
the following verb phrase. The sixth and finakffect from Experiment 2.
region included the remainder of the sentence. As in the previous experiments, we examinec
processing across regions 2—4, as this woul
indicate whether readers’ processing was con
All factors were treated as within participantssistent across a substantial portion of the ser
and within items. A small percentage (6.8%) ofence. Analyses of the total time deviation date
the data were removed due to track loss aevealed a reliable main effect of attachment
extremely short fixation times. (see 1st panel of Table 6). This main effect
occurred because sentences where the modifi
attached to the first noun phrase were more
According to the construal hypothesis, atdifficult to process than sentences where the
tachment outside the currently active theta danodifier attached to the second noun phras
main should be difficult. Thus, readers shoul@F1(1,35)= 9.77.p < .01; F2(1,35) = 15.7,

Attachment Preferences

Procedure

Regions

Analyses

Predictions
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TABLE 5

Experiment 3: Mean First-Pass and Total Reading Time and First-Pass Regressions by Region and Condition

Example target sentence:
Region 1 2 3 4 5 6

The steak with the sauce that was tough didn’t please the judges.

Region

Modifier attaches to 1 2 3 4 5 6

First-pass reading time (MS)

First noun phrase 379 409 286 271 347 426
Second noun phrase 374 433 284 267 356 428
Either 388 420 282 257 344 433

Total reading time (MS)

First noun phrase 527 784 504 461 595 570
Second noun phrase 533 731 436 400 545 548
Either 532 725 470 399 549 591

First-pass regressions (%)

First noun phrase 0 11 9 18 22 59
Second noun phrase 0 11 9 16 14 61
Either 0 10 16 14 14 64

First-pass reading time (MS deviation from predicted)

First noun phrase 35 —55 —45 —-40 -1 59
Second noun phrase 29 -34 —48 —42 13 63
Either 48 —-47 —-50 —52 -4 65

Total reading time (MS deviation from predicted)

First noun phrase 8 32 14 6 72 4
Second noun phrase 13 -23 -55 —54 20 —-18
Either 17 —-27 —-21 —53 23 21

2 Region4 corresponds to the predicate adjective in the modifier.

p < .001] and sentences where the modifiemain effect of attachment (see 4th panel of
could attach to either noun phradel[1,35)= Table 6). This occurred because sentence
6.73,p = .012; F2(1,35) = 9.77,p < .01]. where the modifier attached to the first noun
Means in the other two attachment conditionphrase were more difficult to process than sen
did not differ Fs < 1). tences where the modifier attached to the secor
The total time deviation data produced prenoun phrase 1(1,35) = 9.13. p < .01;
cisely the same effects when we analyzed tHe2(1,35) = 12.6, p < .001] and sentences
data from regions 2-5 individually (only thewhere the modifier could attach to either noun
participants analyses for region 2 failed to prophrase F1(1,35)= 8.93,p < .01;F2(1,35)=
duce statistically reliable effects). For compar9.51,p < .01]. Means in the other two attach-
ison to the previous experiments, the head nounent conditions did not differHs < 1).
of the modifier (region 4) produced a reliable If more neutral items produced greater com-
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TABLE 6

Experiment 3: ANOVA Results by Region for Attachment Effect (Modifier Attaches
to First vs Second vs Either Noun Phrase)

Example target sentence:
Region 1 2 3 4 5 6

The steak with the sauce that was tough didn’t please the judges.

Region F1 F2

Regions 2, 3, and® combined

First-pass deviation 1.18 (1700) <1 (2132)

Total time deviation 5.59** (20858) 8.60*** (13271)

Regressions <1 (102) <1 (109)
Region 2

First-pass deviation 1.43 (2848) 1.37 (3019)

Total time deviation 2.14 (18528) 3.03* (12971)

First-pass regressions <1 (45) <1 (139)
Region 3

First-pass deviation <1 (1390) <1 (1150)

Total time deviation 5.37** (8008) 6.58** (6655)

First-pass regressions <1 (91) <1 (73)
Region4

First-pass deviation 1.33 (1221) <1 (1628)

Total time deviation 6.02** (7081) 7.46** (5821)

First-pass regressions <1 (121) <1 (175)
Region 5

First-pass deviation 1.09 (2581) 1.14 (2320)

Total time deviation 3.17* (9470) 4.07* (7734)

First-pass regressions 9.17*** (86) 4.48* (166)

Note. The ANOVAs treated attachment as a within-participants and within-items factor. Degrees of freedom for
analyses are (2, 70).

2 Region4 corresponds to the predicate adjective in the modifier.

*p < .05; *p < .01; ***p < .001.MS, in parentheses.

petition, then we should observe longer readingeans was nearly identical to that in the biasec
times for fully ambiguous neutrally biaseditems. This result reflects the loss of sensitivity
items. As in the preceding Experiment, we idendue to the small number of items included in the
tified items where the bias was 65% or less ianalysis.

favor of attachment to the second noun phrase One final correlational analysis tested a fur-
and then examined the total time deviation datther prediction of constraint satisfaction ac-
from the critical region (Region 4). In this ex-counts. According to such accounts, processin
periment, six items satisfied the criteria for baltime should reflect off-line preferences. Thus,
anced items. Figure 3 shows results separatdlyr each item, we subtracted the total time (de-
for balanced and biased items. Item type (balsation) on the head noun of the modifier when
anced vs biased) and attachment did not préhe modifier attached to the second noun phras
duce main effects or interaction$q < 1). from the total time (deviation) when the modi-
When the balanced items were analyzed sepfier attached to the first noun phrase. We ther
rately, the attachment effect was eliminatedttempted to predict this difference using the
(Fs < 1) despite the fact that the pattern obtrength of the preference for attachment to the
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40 Thalanced  Biased In a sense, the results of I_Experimr_ant 3 are
= unsurprising because all theories predicted thei
g 107 | § general outline. However, we believe that they
% -60 4+ 3 are of value for at least two reasons. First, the
© Modifier Attaches to:  prediction made by constraint satisfaction theo
o -110 ¢ ;;‘:ZHSPNP ries was based on the assumption that the off
9 160 L Eitzer NP line bias of individual items would predict the
E relative difficulty of processing them in the on-
5 -210 4 Experiment 3 line task. This assumption was explicitly con-
2 260 tradicted in analyses that explored the effects o

off-line biases. We suggest that the observe

FIG. 3. Experiment 3, mean total time (deviation) scoretendency to take a relative clause as modifying
on Region 4 for balanced and biased items by COﬂditiOQhe second noun phrase in Experiment 3 reflect
The set of bars on the left represents mean total timg qanerg| structural preference, not the detaile
(deviation) for balanced items; the set of bars on the right . s .
represents mean total time (deviation) for biased items. properties of '_nd'V'dual items. Secon_d' the re-

sults of Experiment 3 are of value simply be-
cause they show that the primary result of Ex-

second noun phrase. According to the constraiperiments 1 and 2, the greater difficulty of
satisfaction account, the difference in processeading unambiguous than ambiguous items
ing time for attachment to the first versus seadoes depend on structural details of the sen
ond noun phrase should increase as the preféences being read and is not somehow an artifas
ence for attachment to the second noun phraséour experimental materials or a general effec
increases. The obtained correlation, howeveof some sort of preference for ambiguity.
was not statistically significant [adjusted=
= 02,1(34) = —.133, NS]. GENERAL DISCUSSION

Readers in Experiment 3 treated relative In Experiment 1, readers treated prepositiona
clause modifiers much differently than readerphrase modifiers differently than relative clause
in the previous two experiments. Here, attachmodifiers. In sentences with relative clause
ing the modifier to the second noun phrase wasodifiers, processing times decreased when tw
accomplished just as readily when the modifiesyntactic analyses produced plausible semanti
had to attach to the second noun phrase as whiaterpretations versus when only one syntactic
the modifier could attach to either noun phrasanalysis produced a plausible semantic interpre
in the complex. This stands in stark contradition. Most strikingly, reading times for sen-
with the previous two experiments. There, protences where the relative clause modifier had t
cessing proceeded most fluently when the modittach to the second noun phrase were just &
ifier could attach to either noun phrase. If athigh as for sentences where the modifier had t
tachment to the first noun phrase produced aitach to the first noun phrase, despite the fac
implausible interpretation, reading was disthat readers preferred to attach modifiers to the
rupted, even if attachment to the second nousecond noun phrase. Further, processing time
phrase produced a plausible result. This pattein the first experiment for fully ambiguous sen-
of results, then, suggests that readers in Expdences that had relative clause modifiers did no
iment 3 did not attempt to attach relative clausacrease when the off-line attachment prefer-
modifiers to the first noun phrase when attactences for those sentences were more neutre
ment to the second noun phrase produced Tde second experiment replicated these effect:
plausible result; whereas readers in the previod$he third experiment demonstrated that sen
experiments did attempt to attach relative claugences with relative clause modifiers that had tc
modifiers to the first noun phrase when attactattach to the second noun phrase were process
ment to the second noun phrase producedas rapidly as sentences where attachment t
plausible result. either noun phrase was possible when a thete
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assigning preposition was present in the noutheta-assigning prepositions in the initial noun
phrase complex. This contrasts with the patterphrase complex. Finally, it must explain why
obtained in the previous two experiments.  readers sometimes experience difficulty wher
Before interpreting these results with respedhe preferred analysis produces a plausible se
to current models of parsing, we must first admantic interpretation.
dress potential artifactual explanations for the The standard garden path theory cannot ac
observed pattern of results. First, it is possibleount for the present results. The late closure
that using the relativizethat to refer to human principle suggests that readers will always at-
referents is infelicitous and may, therefore, haveempt initially to attach the modifier to the sec-
skewed the results of Experiments 1 and 3 iond noun phrase in the complex in our sen-
some way. However, if the relativizéhat had tences. Thus, reading times should have bee
skewed the results of the first experiment, thefast when this attachment produced a plausibl
relative clause modifiers should have behaveddterpretation and slow when it did not. It
differently in Experiment 1 (wheréhat some- should not matter whether attachment to the firs
times referred to human entities) than in Expemoun phrase in the complex produced a plausi
iment 2 (where all of the referents were humable interpretation. Late closure fails on both
and where all of the relative clauses began witbounts. Reading times were not always fas
the relativizemwho). The fact that relative clausewhen the second attachment site produced
modifiers behaved the same way in both expeplausible interpretation; and an implausible in-
iments suggests that any infelicity associatetérpretation resulting from attachment at the
with the relativizerthat did not markedly alter first site sometimes produced disruption.
readers’ responses. Note further that in the Scot- Constraint satisfaction accounts also do no
tish dialect spoken by the majority of partici-predict the present pattern of results. Accordinc
pants in these experiments, referring to animate such accounts, readers should experience di
entities with the relativizethat is the preferred ficulty when multiple analyses have nearly
form (Romaine, 1982). Thus, Scottish particiequal support from all relevant sources of infor-
pants should have experienced little difficultynation or when late-arriving disambiguating in-
when the relativizerthat referred to animate formation contradicts an initial preference. We
entities. One might also suggest that fast reassume that the fully ambiguous sentences use
sponse times on the fully ambiguous materiali Experiments 1 and 2 qualify as having nearly
are the result of greater naturalness or felicity afqual support for both analyses, which shoulc
the noun phrase complexes in the fully ambighave resulted in extended competition betweel
uous items. This explanation, however, impliethe closely matched competitors and slow read
that fully ambiguous sentences with preposing time for the fully ambiguous sentences.
tional phrase modifiers from Experiment 1However, if the off-line bias favoring modifica-
should have been processed more easily théion of the second noun phrase was in fact large
the disambiguated sentences, and they were nehough to lead to an initial activation of the
An account of human sentence processingnalysis in which the second noun phrase wa
must explain several findings from these expemodified, then reading should have been faste
iments. Most importantly, it must explain whywhen the relative clause modified the seconc
readers experienced less disruption in proceghan the first noun phrase. Neither predictec
ing when two analyses produced plausible inresult was observed in Experiments 1 and 2
terpretations than when only one analysis proFhe advantage for modifying the second nour
duced a plausible interpretation. It must alsphrase that was observed in Experiment 3 dic
explain what causes readers to change theiot appear to reflect off-line biases when exam
behavior when presented with different kinds ofned on an item-by-item basis, but instead prob-
modifiers. Further, it must explain why readersably reflected general structural effects.
behavior differs between sentences with non- If competition resolves ambiguity at the level
theta-assigning prepositions and sentences witfi word meanings, but not at the level of syn-
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tactic structure, then it may not be accurate aquires further auxiliary assumptions to account
useful to think of processing at one level as éor this result. Further, to the extent that con-
version of the other (MacDonald et al., 1994)strual is committed to treating prepositional
Syntactic ambiguity resolution, then, may nophrases as primary phrases, it incorrectly pre
be simply described as a form of lexical ambidicts a late closure advantage for them. This
guity resolution. It may be that different pro-suggests that further work is needed to under
cesses are required for resolving lexical ambstand just when and how phrases are identifie
guities and some kinds of syntactic ambiguitiesas primary versus nonprimary.
simply because the consequences of a mistakeOne assumption that could account for fast
are different at the two levels. If a word’s lex-reading times in fully ambiguous sentences
ical identity is not disambiguated, this will havewould be that readers did not resolve the ambi
repercussions for other aspects of a sentengaity. Given this assumption, readers would
meaning and possibly syntactic structure (if, foevaluate both attachment sites (when the mod
example, a noun were misidentified as a verb dfier was a relative clause) and resolve the am
a transitive verb as an intransitive verb). Howbiguity only when it was possible to discover a
ever, misattachment of a modifier to the first osingle plausible analysis. On this account, res
the second noun phrase in a complex has raution in the fully ambiguous condition would
implications for the grammatical analysis of thenot be possible and processing would stop a
rest of the sentence. This observation migtgoon as this became apparent (i.e., as soon
help explain why lexical ambiguities are re-both analyses had been computed). In the othe
solved in a time-consuming fashion while mod¢onditions, the same amount of time would be
ifier—attachment ambiguities are apparently tokequired to compute both analyses, but furthe
erated. Frazier and Clifton (1996) develop thiprocessing time would be required to select the
line of argument further, contrasting the proplausible analysis (or, possibly, suppress the
cessing of modifier (nonprimary) phrases wittactivation of the implausible analysis).
the processing of primary phrases whose anal- Alternatively, people may resolve the ambi-
ysis does have implications for the lexical anduity by committing to the first plausible anal-
grammatical analysis of the remainder of a serysis that becomes available. This would be in
tence and which are apparently resolved in ne with the idea that readers’ superordinate
determinate fashion. goal is to figure out what the sentence means a
Construal can account for the finding thaguickly as possible. This assumes again that al
readers process prepositional phrase modifieattachment sites in the current theta domain ar
differently than relative clause modifiers by asehecked when the modifier instantiates a non
suming that prepositional phrases in the configarimary relation. On this account, the modifier
uration noun phrase of noun phrase preposiwould be associated within the current theta
tional phraseare treated as primary relationsdomain. Evaluation of potential hosts would
The difference in processing between preposproceed in parallel from that point, but there
tional phrase modifiers and relative clause modnight be some variation in how quickly the
ifiers would reflect the differing status of pri-different analyses were computed. If the analy-
mary and nonprimary relations. Construal ises randomly took slightly different times to
straightforwardly compatible with the differ- complete on different trials, then attachment tc
ence in processing that occurs when non-thetthie first noun phrase would be completed
assigning prepositions are replaced by thetalightly faster some of the time and attachmen
assigning prepositions in the noun phrasw the second noun phrase would be complete
complex. This difference in processing reflectslightly faster some of the time. This would
the difficulty of attaching incoming material mean that for the disambiguated materials at
outside the active theta domain. Construal dogéachment to the site that produced an implausi
not straightforwardly predict fast reading timesle interpretation would be computed first some
for the fully ambiguous sentences and thus rexf the time. If the reader committed to that
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implausible analysis, extra processing timéachment, and if those statistics were accesse
would be required to get rid of it and finishduring processing, then readers should have ha
computing the other analysis. Thus, disruptiono difficulty processing sentences where the
would occur in these sentences for the samm@eferred attachment produced a plausible inter
reason it occurs in other garden path sentencgsetation. Because we did find evidence of dif-
Reanalysis would never be required in the fullfiiculty in such cases, we propose that eithel
ambiguous sentences because the first availalskatistics are not compiled for such structures o
analysis would always be plausible, and sthey are not routinely employed to guide initial
readers would never experience difficulty aftedecisions. Thus, in light of the results of the data
committing to their initial analysis. If this sec-reported here, we propose that syntactic ambi
ond account is correct, then the elevated readimyity resolution differs from lexical ambiguity
times in the disambiguated sentences are preesolution in at least two vital respects.
duced by reanalysis and not by differences in
the speed at which an initial analysis is com- APPENDIX
puted. Note that “|” marks indicate region bound-
The data are consistent with a model incoraries and “/” marks indicate where different
porating a two-stage parser that makes referena@rds appeared in different conditions. Line
to both syntactic and nonsyntactic informatiorbreaks occurred at the points marked “(cr)” in
to process adjunct modifiers. In an initial stagezxperiment 2.
evidence accrues for one or more syntactic anal-
yses. When one analysis wins the race to exceed
some threshold, it is selected, presumably inFhe driver| of the car| with/that had the| mous-
mediately, after it exceeds threshold. If subse- tache| was pretty cool.
guent input is consistent with the chosen analFhe car| of the driver| with/that had the| mous-
ysis, no difficulty ensues. If subsequent input tache| was pretty cool.
makes the chosen analysis infelicitous, reanalhe son| of the driver| with/that had the| mous-
ysis begins, causing measurable disruption in tache| was pretty cool.
processing.

Experiment 1 Stimuli

The car| of the driver| with/that had the two|
CONCLUSIONS carburettors| excited us.

We began this article by asking whether syn--rhe driver| of the _Carl with/that had the twol
carburettors| excited us.

tac_t|c parsing 1 best descrlbed as a process 'PFle engine| of the car| with/that had the two|
lexical ambiguity resolution. Whereas alterna- .

) i . carburettors| excited us.

tive lexical representations seem to compete

with one another when prior context does nothe chapter| of the author| with/that had the
favor one meaning over another, this does not preface| is causing a stir.

seem to be the case for syntactic structuréghe author| of the chapter| with/that had the
governing adjunct attachment. If competition preface| is causing a stir.

between analyses determined adjunct attaclihe draft| of the contract| with/that had the|
ment, then we should not have observed faster preface| is causing a stir.

processing of global_ly ambiguous sentences. |'Phe writer| of the letter| with/that had the round|
fact we found no evidence for competition, but :
spectacles| arrived.

r iti ; .
ather cases fchat should produce competltlo]che letter| of the writer| with/that had the round|
under constraint-based accounts were actually :

spectacles| arrived.

th [ . i . . .
€ easiest o process The re_Iatlve frequen the sister| of the writer| with/that had the round|
with which different word meanings occur also .
: . . : -~ spectacles| arrived.
seems to play a crucial role in lexical disambig-
uation. If similar statistics were compiled forThe house| of the painter| with/that had the
the syntactic structures governing adjunct at- small| windows| was large.
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The painter| of the house| with/that had th&he tartan| of the kilt] with/that had the| stripes|
small| windows| was large. lay in the castle.
The bedroom| of the house| with/that had th

: The animals| of the forest| with/that had the big
small| windows| was large.

fangs| frightened us.
The bishop| of the church| with/that had th&he forest| of the animals| with/that had the big

funny| eyebrows| made us cry. fangs| frightened us.
The church| of the bishop| with/that had th@he mouths| of the animals| with/that had the
funny| eyebrows| made us cry. big| fangs| frightened us.

The sister| of the bishop| with/that had the fu

“The forest| of the animals| with/that had the big
ny| eyebrows| made us cry.

clearings| pleased us.
The church| of the bishop| with/that had th&he animals| of the forest| with/that had the big|

large| spires| faced a lake. clearings| pleased us.
The bishop| of the church| with/that had th&he valleys| of the forest| with/that had the big|
large| spires| faced a lake. clearings| pleased us.

The towers| of the church| with/that had th

: She valley| of the flowers| with/that had the old|
large| spires| faced a lake.

castle| excited a girl.
The king| of the mountain| with/that had theThe flowers| of the valley| with/that had the old|

sideburns| impressed Arthur. castle| excited a girl.
The mountain| of the king| with/that had the[The village| of the valley| with/that had the old|
sideburns| impressed Arthur. castle| excited a girl.

The minister| of the king| with/that had the

sideburns| impressed Arthur. I'I'he plains| of the tribe| with/that had the rich|

topsoil| looked strange.
The manager| of the factory| with/that had th&he tribe| of the plains| with/that had the rich|

loud| voice| was efficient. topsoil| looked strange.
The factory| of the manager| with/that had th&he hills| of the plains| with/that had the rich|
loud| voice| was efficient. topsoil| looked strange.

The brother| of the manager| with/that had th

) . The director| of the orchestra| with/that had a
loud| voice| was efficient.

big| forehead| plays well.
The thesis| of the editors| with/that had theThe orchestra| of the director| with/that had &

misspellings| was rubbish. big| forehead| plays well.
The editors| of the thesis| with/that had thelhe neighbour| of the director| with/that had a
misspellings| was rubbish. big| forehead| plays well.

The chapter| of the thesis| with/that had th

misspellings| was rubbish. e[lhe solicitor| of the company| with/that had the

new| tuxedo| bothered me.
The editors| of the thesis| with/that had thelThe company| of the solicitor| with/that had the

spectacles| made sense. new| tuxedo| bothered me.
The thesis| of the editors| with/that had theThe brother| of the solicitor| with/that had the
spectacles| made sense. new| tuxedo| bothered me.

The father| of the editors| with/that had th

spectacles| made sense. e"'he supplier| of the drugs| with/that had the|

grimace| killed a kid.

The tartan| of the clan| with/that had the| stripe3jhe drugs| of the supplier| with/that had the|
lay in the castle. grimace| killed a kid.

The clan| of the tartan| with/that had the| stripe3jhe uncle| of the supplier| with/that had the|
lay in the castle. grimace| killed a kid.
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The drugs| of the supplier| with/that had a nastyllhe brother/hostess| of the mayor| who compli-
effect| hurt everyone. mented| himself/herself| constantly| (cr) was
The supplier| of the drugs| with/that had a nasty| bothered by the reporter.
effect| hurt everyone. The niece/nephew| of the waitress| who hurt
The chemicals| of the drug| with/that had a herself/himself| on the broken glass| (cr) was
nasty| effect| hurt everyone. shocked by the accident.
. . . The brother/daughter| of the seamstress| wh
The gold] of the miner| with/that had the| impu- entertained| herself/himself| most (cr) eve-

rities| isn’t worth much. nings| was reading a book
Thg_m|n§r| ,Of the gold| with/that had the| 'MPUThe father/sister| of the schoolgirl| who burned

rities| isn't worth much. herself/himself| the other day| (cr) was usu-
The gold| of the batch| with/that had the| impu- y

rities| isn’t worth much ally very careful,
' The uncle/aunt| of the nun| who lost| himself/

The singer| of the song| with/that had long| herself| in thought| was disturbed (cr) by the

eyelashes| is pretty stupid. noise.
The song| of the singer| with/that had longThe mother/father| of the surgeon| who made
eyelashes| is pretty stupid. fool of| herself/himself| at the (cr) party| was
The aunt| of the singer| with/that had long| eye- greatly embarrassed.
lashes| is pretty stupid. The servant/son| of the princess| who scratche
herself/himself| in public| was (cr) terribly

The restaurant| of the patron| with/that had the
embarrassed.

blue] tiles| pleased us. The great-aunt/great-uncle| of the policeman
The patron| of the restaurant| with/that had the who treated| herselfhimself| after the (cr) ac-

Thbluel tcillesl pfletﬁsed uts. 1l with/that had t cident| was watching the news.

l?lugeairtilee f;|| oleagercelzsu:uran | wi atha h'Fhe father/mother| of the prostitute| who killed|
P ' himself/herself| last summer| had (cr) lived in

The inventor| of the machine| with/that had the| Wales.
goatee| is amazing. The sister/husband| of the beautician| who cuf

The machine| of the inventor| with/that had the| herself/lhimself| on the broken (cr) glass|
goatee| is amazing. phoned for a doctor.

The brother| of the inventor| with/that had theThe widow/uncle| of the general| who sacrificed|
goatee| is amazing. himself/herself| for the cause| (cr) was the
subject of the biography.

The grandmother/bank manager| of the heires:

The sister/brother| of the actress| who shot| her-who bankrupted| herself/himself| last (cr)
self/himself| on the balcony| was (cr) under year| still made risky investments.
investigation. The niece/nephew| of the fisherman| wha

The sister/uncle| of the fireman| who criticized| drowned| himself/herself| in the ocean| (cr)
herself/himself| far too often| (cr) was paint- didn’t know about the tricky current.
ing the bedroom. The mistress/neighbour| of the actor| who hatec

The secretary/companion| of the salesman| whohimself/herself| for lying| left (cr) town in a
amused| himself/herself| quite a bit| (cr) was hurry.
writing a letter to the editor. The sister/brother| of the count| who crippled|

The mother/father| of the bride] who embar- himself/herself| by falling off a (cr) horse|
rassed| herself/himself| at the (cr) reception| took a long time to get over it.
was complaining to the vicar. The wife/son| of the janitor| who educated| her-

The aunt/uncle| of the bishop| who injured| him- self/himself| at night| loved (cr) going to the
self/herself| last summer| was (cr) concerned| theatre.
about the infection. The niece/nephew| of the commander| whc

Experiment 2 Stimuli
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calmed| himself/herself| after the (cr) tragedylhe driver| with the car| that was| boastful/
was waiting for the doctor. repaired/examined| won a| lot of races.

The father/mother| of the ballerina] who foundThe car| with the driver| that was| boastful/
himself/herselfl in a lot of (cr) trouble| repaired/examined| won the| championship.
phoned the police. The diver| with the ship| that was| annoyed!

The daughter/assistant| of the chaplain| who rusting/leaving| stopped at| the pier.
drew attention to| herself/himself| all (cr) theThe ship| with the diver| that was| annoyed!
time| hated small children. rusting/leaving| stopped near| the port.

The grandmother/grandfather| of the stewardrhe waiter| with the restaurant| that was| eating
ess| who treated| herself/himself| to an (cr) closed/rotten| became an| actor.
ice-cream cone| was waiting at home. The restaurant| with the waiter| that was| eating

The grand-niece/grand-nephew| of the admiral| closed/rotten| became famous.|
who wrote| himself/herself| a note| (cr) adThe writer| with the note| that was| excited/
mired sailors very much. xeroxed/unusual| irritated the| woman.

The brother/sister| of the butcher| who invited[he note| with the writer| that was| excited/
himself/herself| to the party| (cr) enjoyed it Xeroxed/unusual| irritated us| students.
quite a bit. The meat| with the sauce| that was| tough/runny

The sister/nephew| of the baroness| who ad-tasty| didn’t win| the top prize.
mired| herself/himself| an inordinate (cr)The sauce| with the meat| that was| tough/runny
amount| enjoyed all the attention. tasty| didn't please| the diners.
The daughter/brother| of the colonel| who enlhe painter| with the house| that was| angry
joyed| himself/herself| a lot| was out (cr) on built/close| made crafts| for us.
the balcony. The house| with the painter| th.at was| angry
The bodyguard/maid| of the baroness| who pre- built/close| made our| street nicer. .
pared| himself/herself| very (cr) thoroughly|The thesis| with the editor| that was| printed

came from the north. talking/tedious| amazed the| tutor.
The editor| with the thesis| that was| printed/
Experiment 3 Stimuli talking/tedious| amazed the| author.

_ _ o The landlord| with the building| that was| cou-
The firm| with the solicitor| that was| created/ rageous/demolished/horrifying| bothered us.]

smiling/noticed| made a] lot of money. The building| with the landlord| that was| cou-
The solicitor| with the firm| that was| created/ rageous/demolished/horrifying| bothered
smiling/noticed| made a| big mistake. them.|

The machine| with the engineer| that was| infFhe sheriff| with the territory| that was| killed/
vented/dreaming/replaced| made life| easy. mapped/famous| inspired the| kids.

The engineer| with the machine| that was| inFhe territory| with the sheriff| that was| killed/
vented/dreaming/replaced| made work| fun. mapped/famous| inspired the| boys.

The supplier| with the drug| that was| grinningfhe child| with the rattle| that was| crying/bro-
powdered/powerful| appeared in| person. ken/silent| caught our| attention.

The drug| with the supplier| that was| grinningfhe rattle| with the child| that was| crying/bro-
powdered/powerful| appeared on| the BBC. ken/silent| caught our| eye today.

The singer| with the song| that was| distresse@he pilot| with the plane| that was| grinning/
transposed/disgusting| upset the| old lady.  repaired/grounded| helped win| the war.

The song| with the singer| that was| distressetthe plane| with the pilot| that was| grinning/

transposed/disgusting| upset our| sister. repaired/grounded| helped bomb| the city.
The writer| with the book| that was| excitedThe chef| with the food| that was| insane/
written/tedious| caused a| big scene. cooked/horrid| made a| lot of salads.

The book| with the writer| that was| excitedThe food| with the chef| that was| insane/
written/tedious| caused an| argument. cooked/horrid| made a| lot of people sick.
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The pauper| with the bag| that Wa5| angry/emp- ferences in parsing: Restrictions on the use of the Late
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