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Ambiguity Resolution in Sentence Processing: Evidence against
Frequency-Based Accounts
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Three eye-tracking experiments investigated two frequency-based processing accounts: the serial
lexical-guidance account, in which people adopt the analysis compatible with the most likely
subcategorization of a verb; and the serial-likelihood account, in which people adopt the analysis that
they would regard as the most likely analysis, given the information available at the point of
ambiguity. The results demonstrate that neither of these accounts explains readers’ performance.
Instead people preferred to attach noun phrases as arguments of verbs even when such analyses were
unlikely to be correct. We suggest that these results fit well with a model in which the processor
initially favors informative analyses.© 2000 Academic Press
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This article addresses the question of how thaost likely to be correct again. Hence, by
processor decides on its initial strategy for syradopting this analysis, the processor shoulc
tactic ambiguity resolution. At a point of ambi-make fewer errors than if it chose any other
guity, more than one analysis is possible. A@nalysis.
effective strategy might be to adopt the analysis |n this article, we contrast this frequency-
that has most frequently turned out to be corregfased approach with alternative strategies i
in the past. Assuming that the world stays th@hich the processor does not attempt to ador
same in most respects, the analysis that Ngse analysis that has most frequently turned ou
most frequently been correct in the past shoulgy he correct. Many current theories of parsing
provide a good estimate of which analysis i%5y no attention to frequency in determining
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ert, 1995). We leave consideration of specifisentential complement much more often than al
current theories to the General Discussion. object. This can be established by counting the
Our purpose in this introduction is to moti-frequency of the different subcategorizations of
vate three experiments that test a particular classalizedwithin a relevant corpus. Alternatively,
of account in which initial choice of analysis isit can be assessed by asking participants t
determined by judgments about frequency. ktonstruct sentences containingalized (see
turns out to be impossible to test all possibl@retests below). If people adopt the analysis tha
frequency-based accounts in a single set of eis compatible with the most frequent subcatego:
periments. Hence, we focus our attention orization, then they should adopt the sentential
serial accounts, in which the processor considcomplement analysis whenever they encounte
ers only one analysis at a time. The other majoealized. We discuss thisserial lexical-guid-
concern is the granularity at which frequency isnceaccount in more detail below.
assessed. We therefore consider a range of seHowever, there are other serial frequency-
rial frequency-based accounts that differ witbbased accounts. The serial lexical-guidance ac
respect to grain size. The experiments wereount pays attention to the verealized, but
designed to test two specific accounts that difféagnores all other aspects of the context. Fol
greatly in this respect: serial lexical-guidance example, it is possible that the relative fre-
account and what we term serial-likelihood quency of the object and sentential-complemen
account. We then review relevant experimentanalyses is different afteifhe athlete real-
research and outline our experiments. The Geired. . . than afterealized.There are very clear
eral Discussion considers current accounts icases where the nature of the subject noun a
light of these results and sketches an alternativects the likelihood of different subcategoriza-
account in which the initial choice of analysis igions. For instanceplled is likely to be transi-
based on what we term its informativity. tive after The man rolled . ., but intransitive
afterThe ball rolled. . .. This demonstrates the
FREQUENCY, LEXICAL GUIDANCE, importance of grain size to frequency-basec
AND LIKELIHOOD models (see Gibson & Sétre, 1999; Mitchell
Serial, frequency-based accounts of syntactet al., 1995). Notice, however, that the subcat:
ambiguity resolution assume that the processegorization frequencies foealizedmay not be
selects the syntactic analysis that has most fraffected so much by the nature of the subject. I
guently been employed in the past, on the aso, grain size will not greatly affect the predic-
sumption that this analysis is most likely to beions of frequency-based models for this verb.
correct again. Such accounts therefore attemput it is still the case that any well-formed
to maximize the probability of making the rightfrequency-based model needs to specify grail
decision and minimize the need for subsequestze.
reanalysis. We assume that the likelihood of an There are infinitely many grain sizes (based
analysis is its probability as estimated fronon just the verb, verb plus subject noun, verk
frequencies observed in a person’s prior linguigalus some representation of discourse contex
tic experience. However, this begs a very largetc.). The processor could count frequencies &
guestion: frequency of what? any of these levels. Moreover, it could pay
Let us concentrate on syntactic ambiguitieattention to additional levels of linguistic de-
that are a result of a verb’s having more thascription (e.g., the animacy of the subject) or to
one possible subcategorization. For exampléactors such as extralinguistic context or idio-
the verbrealizedcan take a noun-phrase objecsyncrasies of the speaker or writer. However
(the object analysiy as inThe athlete realized any relatively fine-grained frequency-based
her potential,or a sentential complement (themodel faces a very serious difficulty, known as
sentential-complement analygiss inThe ath- the “sparse data problem” (see, e.g., Charniak
lete realized her potential might make her a997). People will have encountereealized
world-class sprinterHowever,realizedtakes a vast numbers of times, arnithe athlete realized



AMBIGUITY RESOLUTION AND LEXICAL GUIDANCE 449

a few times. But most complex contexts (e.ghecause many people are unaware of the lin
The athlete who holds the pole-vault recordjuistic assumptions underlying the analyses. Ar
realized will never have been encountered bealternative is to have people complete sentenc
fore. Indeed, the relevant context need not bieagments and to estimate the likelihood of the
restricted to the target sentence. So, a fralifferent analyses on the basis of the number o
guency-based account cannot plausibly bimes that different syntactic analyses occur ir
based on the frequency of the whole precedintpe completions. The serial-likelihood account
context. predicts that the parser will initially adopt the
As there are infinitely many possible graimanalysis that the people produced most oftel
sizes, we cannot test all accounts. Instead, wehen completing the sentence fragment. (It is
consider two extremes: one based solely on ttabviously essential that producers and compre
subcategorization preferences of the verb (serinénders are randomly selected form the sam
lexical guidance) and one based on preferrgabpulation.)
completions for sentence fragments (serial like- It is not straightforward to determine the
lihood). sources of information oconstraintsthat peo-
ple draw upon in making these completions (or,
SERIAL LEXICAL GUIDANCE indeed, how they are integrated). Presumably
The serial lexical-guidance account assumébese sources of information include verb sub-
that the parser determines its choice of analystategorization preferences, other aspects of th
by paying attention to subcategorization inforlinguistic context (e.g., characteristics of the
mation alone. This is the lexical-guidance acsubject), and extralinguistic factors. An itemiza-
count proposed by Ford, Bresnan, and Kaplation of these sources of information would be
(1982), and suggested by Fodor (1978) in theecessary for a complete account of production
context of the processing of unbounded depef-o test the serial-likelihood account, however,
dencies. According to Ford et al.,riéalizedis all we need to know is the result of this process
most commonly employed on the sententialef integration. The use of (written) completions
complement analysis, then the parser will adopgo determine off-line preferences is found in
this analysis in preference to the object analysisork on constraint-based theories of processin
during initial processing. Of course, it is more(Garnsey, Pearlmutter, Myers, & Lotowsky,
likely that the actual sentence will employ thel997; Trueswell et al., 1993), as well as work
sentential-complement analysis than the objectitical of such approaches (Clifton, Kennison,
analysis. Thus the model appears to be drivefa Albrecht, 1997; Liversedge, Pickering,
by likelihood, but solely with respect to prop-Branigan, & Van Gompel, 1998; Traxler, Pick-
erties of the verb. For instance, the vediled ering, & Clifton, 1998). Although written com-
might be preferentially transitive, but aftdre pletions possibly involve slight biases (e.g., par-
ball rolled it is preferentially intransitive. Ford ticipants may prefer not to write too much or
et al.’s parser would ignorthe balland would may be primed by previous productions) and
base its decision orolled alone. clearly involve an element of comprehension,
they probably approximate to what speakers
SERIAL LIKELIHOOD naturally do if they produce a sentence that
On the serial-likelihood account, comprebegins with a particular fragment.
henders pay attention to all available informa- A model that is closely related to serial like-
tion in estimating the likelihood of possiblelihood is the Linguistic Tuning hypothesis
syntactic analyses for a particular fragmeniMitchell et al., 1995), in which parsing deci-
People could, in principle, be asked to judgsions are determined by the frequency with
whether the sentential complement or the objeegthich the alternative analyses are used in the
analysis was more likely to be correct affdre language (see also Brysbaert & Mitchell, 1996;
athlete realized . . (e.g., they could place betsCuetos, Mitchell, & Corley, 1996; Mitchell &
on the outcome). In practice, this is impossibleCuetos, 1991). For instanabe daughter of the
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colonel with the limps ambiguous between two based accounts (e.g., using different grain sizes
analyses and interpretations (cf. Cuetos &ill be different.

Mitchell, 1988). On the one handjth the limp

can be attached the daughter of the colonsb EXPERIMENTAL EVIDENCE ON INITIAL
that it is the daughter who has the limp; on the CHOICE OF ANALYSIS

other hand, it can be attachedtte colonelso Many experimental studies have asked
that it is the colonel who has the limp. Thesavhether some particular source of information
analyses differ in syntactic structure but nots used immediately in the process of syntactic
subcategorization. Hence, Mitchell et al. pro@mbiguity resolution or whether its use is de-
pose that listeners select the most frequent syldyed until a later stage of parsing (see, e.g.
tactic analysis. Their account is thus more gentraxler & Pickering, 19964, for discussion). We
eral than Ford et al.’s (1982) account. Howevefan identify three major issues: whether seman
they do not commit to any particular account ofiC Plausibility information, discourse context
how the frequency of different analyses is adhformation, and detailed lexical information

sessed. The finer the grain-size employed @ffect initial parsing decisions. Many early stud-

making this assessment, the more similar algS SuPported delayed use of semantic plausibil

predictions of the Linguistic Tuning hypothesidy Information (e.g., Ferreira & Clifton, 1986;
to the serial-likelihood account. Rayner et al., 1983). However, more recent
The serial-likelihood account predicts thatStUd'eS ha"? found very “."‘p'd use Of semanti
people’s initial preferences in parsing Cc)rre|_nformr:1t|on in syntactic disambiguation (e.g.,
spond to their production preferences, as me@‘zgggh;ﬁjneggg:s’_ﬁj;givegli &Tgizf]?]ghigg;
sured by completions. In order to investigat arnsey, 1994). Similarly, some studies sugge

this account, we employed the simple case of % : - X
S o ) that discourse context can affect initial parsing
minimal context consisting of a subject and &

verb (e.a.The vouna athlete realizeih isola- decisions (e.g., Altmann, Garnham, & Dennis,
! e.g., young ? 992; Altmann, Garnham, & Henstra, 1994,
tion from any discourse context. We do no

: . [tmann & Steedman, 1988; Britt, 1994; Britt,
know precisely which factors are relevant tcberfetti Garrod, & Rayner, 1992; Crain &
determining the likelihood of a particular Com'Steedrr;an, 1985,), whereas o,ther Stl:ldieS sugge
pletion, but a complete specification of the relz . & only affects reanalysis (e.g., Ferreira &
evant factors is not necessary to test the serif&"ﬂon, 1986; Mitchell, Corley, & Garnham,
likelihood account. Because the accounfggy- Rayner, Garrod, & Perfetti, 1992).
predicts that the initial stages of analysis W"blearly, semantic and discourse effects can oc
match off-line preferences, all we need to knovk,,r much more rapidly than early studies sug:
is off-line preferences and on-line parsing prefgested, but the question remains whether thes
erences. The prediction of the account is simplyffects reflect initial parsing decisions or very
that these two sets of preferences are the Sam&pid revision.

In conclusion, we can straightforwardly test oyr main concern is with the use of detailed
two serial frequency-based accounts. One is théxical information. Frazier and Rayner (1982)
serial lexical-guidance account proposed bjpund that readers misanalyzed sentences du
Ford et al. (1982), in which comprehendersng reading and argued that they did this be-
initially adopt the analysis compatible with thecause they followed syntactic parsing strategie:
most likely subcategorization for the verb. Theike Minimal Attachment and Late Closure that
other is the serial-likelihood account, in whichignore such detailed lexical information. Such
comprehenders initially adopt the analysis thaiccounts have been called lexical-filtering pro-
would be the most likely completion for theposals (e.g., Mitchell, 1989) and are consisten
fragment. If serial lexical guidance and serialith the “Garden Path” model (Frazier, 1979,
likelihood make the same predictions, it is veryi987). It was also soon discovered that verk
unlikely that the predictions of other frequency-biases affected processing difficulty in such sen
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tences (Holmes, 1987; Mitchell & Holmes,found some increased reading time for the C
1985). According to lexical-filtering proposals,sentences before disambiguation. But they ar
effects of verb bias must reflect reanalysis (Fegued against this explanation, and insteac
reira & Henderson, 1990; Mitchell, 1987, 1989¢laimed that this effect might be because the
Rayner & Frazier, 1987). Again, however, thersentential-complement analysis is more com
is evidence that lexical information can be useglex than the object analysis. However, Garnse
extremely rapidly, and the claim has been madet al. (1997) found that the object analysis was
that it can be used during initial processingnuch more plausible in Trueswell et al.’s O
(Garnsey et al., 1997; Trueswell et al., 1993)sentences than in their C sentences. This coul
We now assess the current status of this contrexplain Trueswell et al.’s findings and suggests
versy, making particular reference to complethat their items were imperfectly controlled in a
ment-clause ambiguities. potentially important respect.

Ferreira and Henderson (1990) monitored Garnsey et al. (1997) conducted a further
participants’ eye movements while they readtudy on complement-clause ambiguities, using
sentences likeHe forgot Pam needed a ride sentential-complement-biased, object-biased, an
home with himwhere forgot is preferentially equibiased (i.e., balanced) verbs. They also me
used on the object analysis (e.d¢de forgot nipulated the plausibility of the object analysis.
Pam), and sentences likeHe wished Pam O sentences caused processing difficulty at dis
needed a ride home with himjherewishedis ambiguation in comparison to unambiguous
preferentially used on the sentential-complecontrol sentences with complementizers, but C
ment analysis, as well as control sentences cosentences did not. Their manipulation of plau-
taining the complementizéhat beforePam.At  sibility produced rather less clear results, but
the disambiguating verbeeded readers’ first there was some evidence that O sentences wil
fixations were longer when the test sentengalausible object analyses were easier to proces
lacked a complementizer than when a compleéhan O sentences with implausible object anal
mentizer was present, and this effect was unysses. There was no evidence of similar effect:
form across sentences containing object-bias@uthe C sentences. These results provide som
verbs O sentencgsand sentences containingevidence for lexical guidance, but there are
sentential-complement-biased verb€ (sen- many reasons to question this conclusion. As
tence, as evidenced by the lack of an interacthis result relates directly to the experiments
tion of verb bias and complementizer presenceeported below, we return to Garnsey et al. in
Total times produced similar results. Findinghe General Discussion.
greater first fixation and total reading times in
the ambiguous sentences than in the unambig- EXPERIMENTS
uous sentences for both object-biased and sen-Below we report three eye-tracking experi-
tential-complement-biased verbs led Ferreirments that tested the two frequency-based ac
and Henderson to conclude that the object anatounts discussed above. The three experimen
ysis had been computed and evaluated regarake designed to allow our conclusions to hold
less of verb bias. over different kinds of sentences and presents

In contrast, Trueswell et al. (1993) foundtion conditions. Experiments 1 and 2 employ
very different results using verbs whose biasesomplement-clause ambiguities, whereas Ex
had been carefully normed. First-pass timegeriment 3 employs locally ambiguous sen-
showed that readers had difficulty at disambigtences involving preposed subordinate clause:
uation with O sentences but not difficulty withExperiments 1 and 3 involve sentences pre
C sentences. This is compatible with lexicakented in isolation, whereas Experiment 2 pre
guidance. The alternative explanation is thatents the sentences from Experiment 1 in shol
readers initially adopted the object analysis fodiscourse contexts. In all cases, we manipulate
all verbs and rapidly reanalyzed the C serplausibility in such a way that plausibility could
tences. In accord with this, Trueswell et alonly have an effect if the parser initially favored
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an analysis that neither the serial lexical-guidiect analysis, they would detect that (1b) was
ance nor serial-likelihood accounts would preless plausible than (1a) before the wanight,

dict it would. More informally, we manipulated when it becomes clear that the object analysi
the plausibility of the less frequent analysicannot be correct. This disruption should man-
while controlling the frequency of the moreifest itself either as increased reading time for
frequent analysis. If this plausibility manipula-(1b) versus (1a) or as more regressive eyt
tion had an effect, then readers must have beemvements in (1b) versus (1a), befareght.

considering the less frequent analysis. Such a finding would be compatible with Pick-
ering and Traxler (1998), who showed compa-

EXPERIMENT 1 rable effects with complement-clause ambigu-

Experiment 1 employed sentences like (1d§|es that were not b|_ased toward the sentential
and (1b): complement analysis, and with Traxler and

Pickering (1996b), who employed unbounded-

(1a). The young athlete realized her potential one day dependency constructions. Notice that this

might make her a world-class sprinter. _ method does not require the use of unambigu

élb)' The young athiete realized her exercises one o oo niro| sentences to show misanalysis. Suc

ay might make her a world-class sprinter. . .
sentences may differ from the experimental sen

Two relevant analyses are available affdre tences in irrelevant ways.
young athlete realizedthe object analysis (as We might also expect to find effects after
in, e.g., The young athlete realized her potendisambiguation if readers misanalyze. In a se
tial) and the sentential-complement analysis [ases of experiments, Pickering and Traxler
in (1a) and (1b)]. However, both sentences ar@998) found that readers experiencedredif-
disambiguated by the wordhight; following ficulty after disambiguation in sentences whose
might, only the sentential-complement analysisnisanalysis was plausible than sentences whos
is possible. Pretests showed that the sententiatisanalysis was implausible. Readers appes
complement analysis was the most commoreluctant to give up a plausible initial analysis.
analysis forrealized,that it was the most com- But if the initial analysis is implausible, readers
mon analysis followindgr'he young athlete real- commit less strongly to the initial analysis and
ized,and that it was the most common analysimay even abandon it before reaching disambig
following The young athlete realized her.uation. If participants follow one or other of the
Hence, both the serial lexical-guidance and thieequency-based accounts discussed above, th
serial-likelihood accounts predict that the proadopt the sentential-complement analysis ini-
cessor will initially adopt the sentential-comple-tially and hence never experience any process
ment analysis. The experiment contained nimg difficulty from reanalysis. But if they do not
transitive sentences, so that readers would natlopt a frequency-based processing strateg
change subcategorization preferences as a reghkty may have more difficulty with (1a) than
of the experimental session. (1b) after readingnight.Hence, there may be a

We manipulated the plausibility of the objectcrossoverbetween two parts of the sentence:
analysis, while holding the plausibility of the During the ambiguous region (more precisely,
sentential-complement analysis constant. Thugotential/exercises one day(1b) should be
the sentenceThe young athlete realized herharder than (1a); after disambiguation, (i.e.,
potentialis plausible, whereas the sentefidee from might onward) (1a) may be harder than
young athlete realized her exercisesimplau- (1b).
sible (or semantically anomalous). In contrast, The main predictions concern initial process-
the complete sentences (l1a) and (1b) werag. However, if the parser follows a frequency-
equally plausible. Hence any plausibility effecbased strategy, and given that the correct ser
must have been due to readers adopting thential-complement analyses of both (1a) anc
object analysis. (1b) are plausible, there is no reason why the

We predicted that if readers adopted the olsbject analyses should ever be considerec
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Hence, frequency-based accounts predict no ef- TABLE 1
fects of the plausibility of the object analysis Verb Preferences for Experiments 1 and 2
during later stages of processing.

Response

Method

Participants. Forty native British English
speakers with normal or corrected-to-normal vi-
sion from the University of Glasgow were paid
to participate in the eye-tracking phase of th¥erP

SO NP S- Other

Results of first verb-preference test

study. Some had participated in previous eye- 322(';;? ; 1 ; 12
tracking experiments. hinted 2 1 6 11
Iltems.The items comprised 16 pairs of sen- implied 8 2 8 2
tences like (1) above (see Appendix). Both (1a) pretended 6 0 4 10
and (1b) are plausible, but (1a) has a plausiblerealized 75 5 3
object analysis, whereas (1b) has an implausible
object analysis. One version of each sentence Reslts of second verb-preference test
was assigned randomly to one of two experiStem _
mental lists. Thus, an individual participant saw mz young Zg‘m;rea“ﬂe - 1;’ 2 ié é
one version qf each test _sentence. The critical 1, * oocher hinte. . 3 1 14 1
words (otential and exerciseswere the same  the pank admitte . . . 8 3 18 0
length and were matched for frequency [plausi- The investor realiz. . . 11 3 14 1
ble objects: 86 per million in the CELEX data- The witness admitté. .. 6 0 9 4
base (Baayen, Piepenbrock, & van Rijn, 1993): mz L‘Tgffe?eﬁfgﬁag g 8 g ;8
implausible o_bject_s: 71 per milliork < 1]. _ The butler agmim. o 10 2 17 0
Verb norming.First, we generated plausible the jecturer hinte . . . 4 1 15 9
verb—object combinations for 15 verbs that The instructor implid . . . 9 0 19 1
could take either sentential complements or ob- The murderer admitte. . . 10 3 16 0
jects. To determine the preferences for eachThe tutor hinte ... 5 2 157
verb, we conducted a series of pretests. Weme jury decidd.. . o0 108
e young man realizk. . . 16 2 10 1
were most concerned that the verbs we selectedrhe pub owner admitte. . . g8 2 18 1

preferred reduced-sentential-complement (i.e;
without that) continuations over object contin- Note. Numbers correspond to actual numbers of re-
uations. We focused on reduced sentential corfRonses in each category. SO, reduced-sentential-compl
plements because they contain the relevaP nt response; NP, object response; S-, unreduced-sente
L . ial-complement response.

ambiguity, whereas unreduced sentential com-
plements do not and because it is most conser-

vative to use verbs whose reduced-sententiagdentential-complement as object sentences i
complement frequency is higher than theithe first pretest and (ii) produced a 2:1 or greate
object frequency. In the first pretest, we preratio of reduced-sentential-complement to ob-
sented the verbs in isolation to 20 participantgect continuations in the second pretest. Note
and asked them to write a sentence containirtat we employed all verbs that met our criteria
each verb. The verbs were included in a rarand itis unlikely that there are many more such
domized list along with 92 other verbs. In theverbs in British English). In a final pretest, we
second pretest, we attached subject nowresented the beginnings of the test sentence
phrases to each verb and asked a further 28rough the article or possessive pronoun tha
participants to write a continuation for eaclpreceded the matrix verb. We asked 20 furthe
subject—verb combination. Table 1 presents thgarticipants to write continuations for each frag-
results of these first two pretests. We selectadent. At the point where the continuation be-
verbs that (i) produced at least as many reducedan, only object or reduced-sentential-comple:



454 PICKERING, TRAXLER, AND CROCKER

TABLE 2 equally plausible on the correct sentential-com:
Reduced-Sentential-Complement and Object ConPlément analysis, a further group of 20 partici-
pletions for Sentence Stems Used in Experiments pants assigned plausibility ratings on the sam
and 2 0-to-7 scale. Sentences with a plausible objec
analysis (e.g., 1a) received a mean rating of 6.C
__P7™  whereas sentences with an implausible objec
Stem S0 NP anglysis (e.g., 1b) _received amean ra_ti_ng of 5.8
This very small difference was significant by

Response

The young athlete realized he. . 16 4 participants F1(1,17) = 4.41, p < .05,
The doctor admitted #. ... 16 4 MS, = .076], though not by item&q2(1,15)<
iﬂe tbeackhezjh'_rt‘tteg $- . ig ; 1]. We return to this below.

© bank admitted &. .. Procedure.An SRI Dual-Purkinje Genera-
The investor realized . . . 19 1 . ) . .
The witness admitted €. . . 20 o tion 5.5 eye-tracker monitored participants eye
The judge decided . . . 16 4 movements. The tracker has angular resolutiol
The slacker pretendedeh . . 17 3 of 10° arc. The tracker monitored only the right
The butler admitted #. .. 14 6 eye’s gaze location. A PC displayed items on
The lecturer hinted t. . . 9 1 VDU 70 cm from participants’ eyes. The VDU
The instructor implied ta. . . 13 7 . p P yes. B
The murderer admitted $i. . . 18 » displayed four characte_rs per degr_ee of visua
The tutor hinted th . . . 19 1 angle. The tracker monitored participants’ gaze
The jury decided ta. .. 18 2 location every millisecond and the software
The young man realized $i . . 16 4 sampled the tracker's output to establish the
The pub owner admitted ¢h. . . 10 10

sequence of eye fixations and their start anc
Note. Numbers correspond to actual numbers of refinish times.
sponses in each category. SO, reduced-sentential-comple-Before the experiment started, participants
ment completion; NP, object completion. read an explanation of eye tracking and a set o
instructions. The instructions told them to read
at their normal rate and comprehend the texts a
ment continuations were ever employed. Tableell as they could. The experimenter then
2 shows that including the material immediatelyeated the participant at the eye-tracker an
following the matrix verb and immediately pre-used bite bars and forehead restraints to mini
ceding the head noun of the subject of thenize head movements. Next, participants com
embedded sentence did not change participantdeted a calibration procedure. Before each trial
responses. a small “+” symbol appeared near the upper-
Plausibility norming.To assess the plausibil-left-hand corner of the screen. Immediately af-
ity of the postverbal noun phrases as direder participants fixated the+” symbol, the
objects for the matrix verbs, 20 participantcomputer displayed an item, with the first char-
assigned ratings to sentences like (2): acter of the text replacing the+” on the screen.
The “+” symbol also served as an automatic
calibration check, as the computer did not dis-
play the item until it detected stable fixation on
We instructed participants to assign a numbehe “+” symbol. If participants did not rapidly
from O to 7 that reflected how much sense thixate the “+” symbol, the experimenter recali-
sentence made. We eliminated stimuli from oubrated the eye-tracker. When participants fin-
set of test items if the plausible version (e.g., 2a¥hed reading each item, they pressed a key, ar
received mean plausibility rating below 5 or ifthe computer either displayed a comprehensiol
the implausible version (e.g., 2b) received meaguestion (e.g.Did the young athlete realise
plausibility rating above 2. something®, on about half of the trials, bal-
To ensure that the items in the plausibleanced across conditions, or proceeded to th
object and implausible-object conditions weraext trial. Half of these questions had “yes”

(2a). The young athlete realized her potential.
(2b). The young athlete realized her exercises.
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answers, half had “no” answers. Participanttat readers do not extract much information
responded to the questions by pressing a buttdiuring such brief fixations.
and did not receive feedback on their answers. MeasuresWe report three standard measures
After participants completed each sixth of theof processing during readingrirst-pass time
experiment, the experimenter recalibrated theums all fixation times starting with the reader’s
equipment. Thus, the eye-tracker was calibratditst fixation inside the region until the reader’s
a minimum of six times during the experimentgaze leaves the region, either to the left or to the
and often more. right. For regions consisting of a single word,
The computer displayed each experimentdhis corresponds to Rayner and Duffy’s (1986)
list in a fixed random order together with 86gaze duration measur&otal timesums all fix-
other sentences. Twenty-six of these made wgiion times within the regiorkirst-pass regres-
Experiment 3, described below. The other 68ionsinclude all leftward eye movements that
sentences were of varied grammatical type (e.gtoss the region’s left boundary and which im-
The young boy wished for a brand new bicyclenediately follow a first-pass fixation in the re-
on his eighth birthday. However, these sen-gion. Hence there can only be one first-pas:
tences never included noun-phrase objects, segression from a region per trial. First-pass
that any evidence for readers’ adopting the olregressions are reported as raw score meal
ject analysis could not be due to prior exposurée.g., if a participant encounters eight stimuli
to related sentences. per condition, a mean of 2 25% of trials
RegionsWe report analyses on four criticalinvolved a first-pass regression). We also repor
regions. Thenoun region comprised the headtwo less standard measures of early processin
noun of the embedded sentence subject [e.gwhich are, nevertheless, related to measure
potential in (1a)]. The postnounregion com- first employed by Rayner and Duffy). The rea-
prised the material between the noun region argbn is that first-pass times are sometimes trun
the verb region (e.ggne day. Theverbregion cated by readers entering a region and rapidl
comprised the first verb of the embedded semegressing, which can occur when they encoun
tence (e.g.migh. This verb could be a main or ter processing difficulty (Brysbaert & Mitchell,
an auxiliary verb and was chosen because 1996; Hemforth, Konieczny, Scheepers, &
constituted the first point at which it becameStrube, 1994, Liversedge, Pickering, & Traxler,
clear that the object analysis could not be cort996; Traxler, Bybee, & Pickering, 1997; cf.
rect. Thepostverbregion comprised the mate-Rayner & Pollatsek, 1989). Thus, two pieces of
rial from the end of the verb region up to thetext, one that causes processing difficulty anc
line break (e.g.make he). Both the noun and one that does not, can have similar first-pas:
verb regions were always a single word. Altimes. In the first case, readers rapidly exit to the
regions included the character space immedeft; in the second case, readers rapidly exit tc
ately before the first word in the region. the right. Right-bounded timés the sum of all
Fixations.We first determined which line of fixations within a region before the eye fixates
text participants were reading. This involvedany region to the right of the regiofiRegres-
some judgment because the fixation point coulsion-path timeincludes all of the fixations
be between two lines of text. However, in thavithin a region and all subsequent fixations on
vast majority of cases, determining which lingorior regions, until the eye crosses the region’s
was fixated caused no difficulty whatsoever. Amight boundary.
automatic procedure then pooled short contigu- Note that if the eye fixates a point beyond the
ous fixations. The procedure incorporated fixaend of a region before landing in the region for
tions of less than 80 ms into larger fixationghe first time, then the analysis software returns
within one character space and then deleted value of 0 ms for first-pass time, first-pass
fixations of less than 40 ms that fell within threeregressions, right-bounded time, and regres
character spaces of any other fixation. Followsion-path time. All such 0 ms values were ex-
ing Rayner and Pollatsek (1989), we presumauded from the analyses reported below. This
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TABLE 3

Experiment 1 Means for First-Pass Regressions, First-Pass Time, Right-Bounded Time, Regression-Path Time,
Total Time Data by Region and Condition

Region
Measure Object analysis Noun Postnoun Verb Postverb
First-pass regressions Plausible 0.78 1.05 1.48 2.45
Implausible 0.83 1.15 1.30 2.60
First-pass time (ms) Plausible 255 301 279 353
Implausible 261 323 270 377
Right-bounded time (ms) Plausible 265 318 310 391
Implausible 279 363 287 412
Regression-path time (ms) Plausible 310 353 362 471
Implausible 341 442 357 479
Total time (ms) Plausible 367 443 363 471
Implausible 430 514 339 506

criterion eliminated 11.2% of the data. Furtherand so sentences with plausible object analyse
we removed trials on which the eye-tracker losthould have produced longer reading times (o
track of the participant's gaze location beforenore regressions) following the point of syntac-
analyzing the data. Specifically, we removedic disambiguation than sentences with implau-
trials on which two consecutive regions resible object analyses. This would constitute the
ceived no first-pass fixation. This criterion elim-crossover effect discussed above. The reliabl
inated a further 3.9% of the data. Analyses thanteraction of plausibility in the right-bounded

treated such regions as having 0 ms readirtgne, regression-path time, and total time mea

times produced nearly identical results. sures demonstrates that participants did regu
. . larly construct the object analysis.
Results and Discussion We next analyzed the data from each scorinc

Table 3 presents mean first-pass regressiomsgion separately. Mean total time on the nour
first-pass time, right-bounded time, regressiorregion was longer for sentences with implausi-
path time, and total time for Experiment 1.ble objectanalyses than for sentences with plau
Table 4 presents statistical analyses for thes#ble object analyses (see the second block ¢
data. Table 4), but the other measures revealed ni

We first subjected the data from Experimenteliable differences between conditions. The
1 to separate 2 (Plausibility: plausible vs impostnoun region produced reliable differences
plausible object analysisX 2 (Region: post- between condition means in the right-bounded
noun vs verb region) ANOVAS with partici- regression-path, and total-time measures (se
pants and items as random factors (see the fitsie third block of Table 4). Thus, sentences with
block of Table 4). If participants constructed themplausible object analyses caused participant
object interpretation for the sentences in Expegreater difficulty than sentences with plausible
iment 1, then the manipulation of the plausibil-object analyses before readers encountered sy
ity of the object interpretation should havetactically disambiguating material. Analyses on
produced longer reading times (or more regreshe data from the verb and postverb regions
sions) for sentences with implausible objecproduced reliable differences between sen
analyses than sentences with plausible objeeinces with plausible and implausible object
analyses. Adopting a plausible object analysignalyses only in the verb region, and there only
should have caused participants to have greater the right-bounded time measure (see the
difficulty processing disambiguating materialfourth and fifth blocks of Table 4). This finding
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TABLE 4

Experiment 1 ANOVAs for First-Pass Regressions, First-Pass Time, Right-Bounded Time,
Regression-Path Time, and Total Time Data

Within participants and items

Source F1 F2

Plausibility X Region (postnoun vs verb regions)

First-pass regressions <1 (1.49) <1 (2.92)
First-pass time 2.38 (6839) 5.07* (1205)
Right-bounded time 7.41% (7878) 16.46%** (1178)
Regression-path time 5.62* (19770) 12.37* (3181)
Total time 8.62** (11297) 34.71%* (1134)
Plausibility (noun region)
First-pass regressions <1 (0.77) <1 (1.62)
First-pass time <1 (1449) <1 (1768)
Right-bounded time 1.49 (2443) <1 (2290)
Regression-path time 2.09 (8885) 1.81 (4159)
Total time 10.88** (7277) 5.44* (5825)
Plausibility (postnoun region)
First-pass regressions <1 (1.12) <1 (3.26)
First-pass time 141 (6564) 2.47 (1423)
Right-bounded time 5.86* (6909) 5.93* (1782)
Regression-path time 9.51** (16884) 13.40** (3850)
Total time 7.66** (13319) 11.45** (3406)
Plausibility (verb region)
First-pass regressions <1 (1.33) <1 (1.53)
First-pass time 1.86 (3805) 4.00 (658)
Right-bounded time 5.43* (3638) 7.14* (1242)
Regression-path time <1 (10891) <1 (3945)
Total time 3.17 (4696) 2.16 (3192)
Plausibility (postverb region)
First-pass regressions <1 (1.73) <1 (2.13)
First-pass time 2.47 (1423) <1 (4856)
Right-bounded time 1.10 (7708) <1 (6668)
Regression-path time <1 (20116) <1 (14260)
Total time 2.13 (11161) 1.26 (5371)

Note.Values within parentheses represent mean-squared errors. Degrees of freedom are (1, 39) for participants ¢
15) for items.
*p < .05.
*»* p < .01.
*k o n < .001.

suggests that the bulk of processing necessaifity ratings of the experimental sentences on
for recovery from misanalysis was accomihe sentential-complement analysis cannot hav
plished via a combination of refixations on precaused the experimental results. The differenc
viously encountered material and longer fixabetween the two conditions emerged before par
tion on the verb itself. This is consistent withticipants had encountered the varhight (i.e.,
the general absence of effects in the other mehefore they had reached the verb region). It is
sures on the verb region. hard, therefore, to see how any plausibility ef-
Note that the very small difference in plausifect based on the plausibility of the complete
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sentence could have caused the effects Both versions of the noun that was manipulatec
emerge so early. Additionally, such an accourtietween conditions (i.e.potential and exer-
could not explain the evidence for difficulty cise9 appeared in the first sentence of the pas
upon encountering the verb in the sentencesage, in different orders for different items. The
with plausible versus implausible object analysentence with the plausible object analysis is
ses. given before the slash; the noun used in the
We conclude that participants regularlysentence with the implausible object analysis i
adopted the object analysis for the experimentgiven after the slash. In other respects, the
materials. This finding is incompatible withmethod was identical to Experiment 1.
both serial lexical guidance and serial likeli- Procedure.Participants were presented with
hood. The pattern of results in Experiment 48 paragraphs in all, 16 experimental para-
was consistent, however, with previous findinggraphs from the current experiment and 32 para
for the same construction using a similar plaugraphs from an unrelated experiment investigat
sibility manipulation but with experimental sen-ing instrument inferences. In other respects, th
tences that were generally biased toward th&ocedure was identical to Experiment 1. We
sentential-complement analysis (Pickering &iliminated 8.0% of the data due to participants
Traxler, 1998). As in Pickering and Traxler, weskipping adjacent regions. Dropping data from
found evidence for the crossover pattern: morgny region that was not fixated eliminated a
difficulty for sentences with implausible objectfyrther 13.5% of the data. As in Experiment 1,

analyses before disambiguation, and some evinalyses including these data produced nearl
dence for more difficulty for sentences withidentical results.

plausible object analyses after disambiguation.

Results and Discussion

EXPERIMENT 2 ! ISeusst

Experiment 2 tested whether the results offr

Experiment 1 replicated when participants read
passages rather than isolated sentences.

prediction was that the same pattern of result

. ta.
should occur and therefore that participant ata. . .
would not follow serial lexical guidance or se- As in Experiment 1, we subjected the data to

rial likelihood in extended texts any more tharpeparate 2 (Plausibility: plausible vs implausi-
in isolated sentences ble object analysisk 2 (Region: postnoun vs

verb region) ANOVAs (see the first block of
Method Table 6). If participants constructed the object

Particinants. Twentv new particioants from interpretation for the sentences in Experiment 1
P ' y P b then the manipulation of the plausibility of the

the same population as Experiment 1 were pal

to participate in the eve-tracking phase of the ject interpretation should have producec
stuzy P y gp ?onger reading times (or more regressions) for

ltems. The stimuli were the test Sentencegentences with implausible object analyses tha

from Experiment 1 embedded within short pasgentences with .plau5|b.le object .analyses
daoptmg a plausible object analysis should

sages. The target sentences were preceded b - e
title and a single sentence and followed by ause participants to have greater difficulty pro-

final sentence (see Appendix). cessing d_isambigu_ating material, and so sen

tences with plausible object analyses shoulc

THE YOUNG SPRINTER have produced longer reading times or more

The girl did a series of strenuous exercises every day regressions following the point of syntactic dis-
before she reached her full potential. The young ath- . . . . .

lete realized her potential/lexercises one day might amblguatlon than Sent_ences, with |.mplau5|ble

make her a world-class sprinter. She dreamt about Object analyses. The reliable interaction of plau-

winning a gold medal in the Olympic Games. sibility in the total-time measure demonstrates

Table 5 presents mean first-pass regression
st-pass time, right-bounded time, regression
h time, and total time for Experiment 2.
able 6 presents statistical analyses for thes
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TABLE 5

Experiment 2 Means for First-Pass Regressions, First-Pass Time, Right-Bounded Time,
Regression-Path Time, and Total Time Data by Region and Condition

Region
Measure Object analysis Noun Postnoun Verb Postverb
First-pass regressions Plausible 1.65 0.75 0.90 2.15
Implausible 1.30 0.65 1.00 1.75
First-pass time (ms) Plausible 252 306 241 354
Implausible 253 346 245 353
Right-bounded time (ms) Plausible 269 347 263 434
Implausible 263 391 264 418
Regression-path time (ms) Plausible 339 393 303 583
Implausible 332 453 319 563
Total time (ms) Plausible 333 472 369 515
Implausible 365 527 338 501

that participants regularly constructed the objechent-clause ambiguities. In order to determine
analysis. whether these conclusions held more generally

We next analyzed the data from each scoringxperiment 3 investigated the processing of an
region separately. The postnoun region prasther type of sentence using the same methoc
duced reliable differences between sentenc&¥ge employed subordinate-clause ambiguitie:
with plausible and implausible object analysekke (3):
in the first-pass and right-bounded time mea-
sures (see the third block of Table 6). The (3@). While the pilot was flying the plane that had

. . . . arrived stood over by the fence.
participants analysis of the regre_ssmn-path_tlme (3b). While the pilot was flying the horse that had
measure also produced a statistically significant arived stood over by the fence.
difference, but the items analysis did not.

In this experiment, the strongest evidencé these sentences, the ambiguity concern
that readers adopted the object analysis come&etherthe planein (3a) andthe horsein (3b)
from elevated reading times for sentences witl$ the object of flying or the subject aftood.
implausible object analyses in the postnoun réFhe latter analysis turns out to be correct, anc
gion in the first-pass and right-bounded timavas flyingturns out to be intransitive. However,
measures. Although an interaction of plausibilexperimental evidence shows that people ofte!
ity and region indicated that the magnitude aneincounter difficulty processing such sentences
direction of the plausibility effect in the post-which suggests that they often initially consider
noun and verb regions differed, the verb regiothe possibility thathe planeor the horseis the
in isolation did not produce reliable plausibilityobject ofwas flying(Clifton, 1993; Ferreira &
effects. Henderson, 1991; Frazier, 1979; Frazier &

In conclusion, Experiment 2 provides addiRayner, 1982; Mitchell, 1987; Pickering &
tional support for the conclusions of Experi-Traxler, 1998; Warner & Glass, 1987).
ment 1 and allows the conclusions to be gener- Our question is whether readers still conside!
alized to the reading of more naturalistic textsthis possibility when the verb in the subordinate

clause (herewas flying is more likely to be
EXPERIMENT 3 intransitive than transitive and when the whole

Experiments 1 and 2 showed that people doontext makes the same prediction. Accordinc
not follow either the serial lexical-guidance orto either frequency-based account, reader
the serial-likelihood account in reading compleshould ignore this object analysis and shoulc
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TABLE 6

Experiment 2 ANOVAs for First-Pass Regressions, First-Pass Time, Right-Bounded Time,
Regression-Path Time, and Total Time Data

Within participants and items

Source F1 F2

Plausibility X Region (postnoun vs verb)

First-pass regressions <1 (0.83) <1 (0.92)
First-pass time 3.69 (1805) 3.66 (1697)
Right-bounded time 3.12 (2910) 3.45 (2449)
Regression-path time <1 (10135) 1.25 (8286)
Total time 6.95* (5361) 7.76* (3947)
Plausibility (noun region)
First-pass regressions 1.15 (2.07) 1.09 (0.72)
First-pass time <1 (1344) <1 (892)
Right-bounded time <1 (2046) <1 (1208)
Regression-path time <1 (5133) <1 (2012)
Total time 1.42 (7242) 1.48 (4164)
Plausibility (postnoun region)
First-pass regressions <1 (0.57) <1 (0.93)
First-pass time 6.21* (2667) 4.54* (3310)
Right-bounded time 5.76* (3277) 4.49*% (3694)
Regression-path time 4.91* (7247) 3.38 (9280)
Total time 2.25 (13426) 2.32 (10009)
Plausibility (verb region)
First-pass regressions <1 (0.63) <1 (0.79)
First-pass time <1 (691) <1 (406)
Right-bounded time <1 (2059) <1 (632)
Regression-path time <1 (8914) <1 (3246)
Total time 1.90 (5161) 1.95 (4628)
Plausibility (postverb region)
First-pass regressions 1.57 (0.83) <1 (0.92)
First-pass time <1 (4977) <1 (3660)
Right-bounded time <1 (6625) <1 (3557)
Regression-path time <1 (21365) <1 (8286)
Total time <1 (14048) <1 (8812)

Note.Values within parentheses represent mean-squared errors. Degrees of freedom are (1, 19) for participants ¢
15) for items.
*p < .05.
** p < .01.
*k o n < .001.

immediately assume th#te planeor the horse uous region (more specificallplane/horse that
is the subject of the main clause. The processbad arrived, and difficulty with (3a) compared
should therefore not be affected by the implauwith (3b) after disambiguation (i.e., frostood
sibility of flying a horse. But if readers do notonward).

follow either of these accounts and tretie

planeandthe horseas the object ofvas flying, Méthod

then we predict a crossover pattern: difficulty Participants. Twenty new participants from
with (3b) compared with (3a) during the ambigthe same population as Experiment 1 were pai
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TABLE 7 sents the results of the two norming tasks. In the
Intransitive and Noun-Phrase Object Completions ISt norming phase, participants wrote sen-
for Sentences from Experiment 3 tences for 107 verbs. Fifteen were the senten
tial-complement verbs tested for Experiments 1
Response and 2. The rest were of varying types. This task
. uncovered 12 verbs that produced intransitive

Verb Intransitive NP

responses as often as or more often than obje
Completions for verbs presented in isolation continuations. We then wrote stimuli containing
these 12 verbs. We presented the beginnings ¢

gﬂgg:‘;‘; 1(5). 12 the stimuli, up to and including the verb and
lectured 14 ¢ asked another group of 14 participants to com:
marched 18 2 plete each stem. We selected 26 stems th:
preached 14 6 produced a ratio of intransitive to object com-
sailed 14 6 pletions of 2:1 or greater.

infke d % 1% Plgusibility norming. We constructed twq
walked 12 g versions of each target sentence. In one versior
was flying 17 3 the subject of the complement clause made
was running 14 6 plausible object of the preceding verb [e.g.,
was swimming 18 2

(3a)]. In the other version, the subject of the
complement clause made an implausible objec
of the preceding verb [e.g., (3b)]. In order to
Stem Intransitive NP Other determine this, raters assigned numbers be
tween 0 and 7 to sentences like (4) according t
Completions for verbs presented with their stems  how much sense they made.

Response

Ash_tlhe r:nonk chante. . h ot 14 0 0 (4a). The pilot was flying the plane.

w re the st_Jpporters cheare. . 10 s 1 (4b). The pilot was flying the horse.

While the pilot was flyig . . . 12 2 0

25 :Ee pmfessi‘r 'eCt“:e- . 1;‘ 2 8 We eliminated items as in Experiment 1.

S the sergeant marcae. . e s
As the minister preach. . . 12 5 0 To ensure that there were no plausibility dif
As the old man saiké. . . 10 4 o ferences o_n_the correc_t reading, a_fqrther grouj
As the choir sag . . . 12 1 1 of 29 participants assigned plausibility ratings
When the man smokk. .. 10 3 1 tothe complete experimental sentences [i.e., t
m!:e :Ee boy was SHmma. 1‘1‘ g 8 (3a) and (3b)]. Items in the plausible condition

e the man wal - . . . .
As the pickets chantt. . . 14 0o o rece_lved mean ratmgg of 5.3,_ whereas |tems it
Because the boss lectdre. . 14 o o the |mplau_5|ble_ condition _recewed mean ratings
When the kidnapper marctie.. . 14 o o of 4.5. This fairly small difference produced a
While the captain saité. . . 10 4 0 significant value in the participants analysis

[F1(1,28) = 72.04,p < .0001, MS, =
0.245] that did not quite attain significance in
to participate in the eye-tracking phase of théhe items analysisqH2(1,25)= 3.14,p < .10,
study. MS, = 2.78]. We return to this below. In other
Iltems. The items consisted of 26 sentencerespects, the method was identical to Experi
like (3) above (see Appendix). Both (3a) andnent 1.
(3b) are plausible, but (3a) has a plausible ob- Procedure.Experiment 3 was run with Ex-
ject analysis, whereas (3b) has an implausiblgeriment 1, and hence the procedure was ider
object analysis. tical. We eliminated 4.4% of the data due to
Verb norming.We wanted to select intransi- participants skipping adjacent regions. Drop-
tive-preference verbs. We completed a twoping data from any region that was not fixated
stage selection process as before. Table 7 pran the first pass eliminated a further 12% of the
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TABLE 8

Experiment 3 Means for First-Pass Regressions, First-Pass Time, Right-Bounded Time,
Regression-Path Time, and Total Time Data by Region and Condition

Region
Measure Object analysis Noun Postnoun Verb Postverb
First-pass regressions Plausible 1.50 1.13 3.70 4.30
Implausible 1.58 2.60 3.00 3.90
First-pass time (ms) Plausible 291 597 347 306
Implausible 305 606 326 275
Right-bounded time (ms) Plausible 307 651 404 374
Implausible 322 748 378 302
Regression-path time (ms) Plausible 362 696 530 604
Implausible 394 873 485 410
Total time (ms) Plausible 418 1041 541 441
Implausible 467 1054 489 358

data. An in the other experiments, analyses irthe first-pass regressions, right-bounded time
cluding these data produced nearly identicakgression-path time, and total time measure

results. demonstrates that participants regularly con
. . structed the object analysis.
Results and Discussion We next analyzed the data from each scorinc

Table 8 presents mean first-pass regressiomsgion separately. Mean regression-path time
first-pass time, right-bounded time, regressiorand total time on the noun region was longer for
path time, and total time for Experiment 3.sentences with implausible object analyses tha
Table 9 presents statistical analyses for theder sentences with plausible object analyses (se
data. the second block of Table 9). Analyses of the

We again subjected the data to separate riyht-bounded measure produced a statistically
(Plausibility: plausible vs implausible objectreliable difference in the items analysis and a
analysis)X 2 (Region: postnoun vs verb region)nearly reliable difference in the participants
ANOVAs (see the first block of Table 9). If analysis. Analyses of the postnoun region re:
participants constructed the object analysis forealed statistically reliable differences in three
the sentences in Experiment 3, then the manipf the four measures of early processing (see th
ulation of the plausibility of the object interpre-third block of Table 9). The first-pass and total
tation should have produced longer readingme measures did not reveal any differences
times or more regressions for sentences withetween sentences with plausible and implausi
implausible object analyses than sentences witihe object analyses. The plausibility effect ob-
plausible object analyses. Adopting a plausiblserved in the noun and postnoun regions re
object analysis should have caused participantersed itself in the verb and postverb regions
to have greater difficulty processing disambigfsee the fourth and fifth blocks of Table 9).
uating material, and so sentences with plausibkenalyses of the data from the verb region pro-
object analyses should have produced longduced reliable differences in the first-pass anc
reading times or more regressions following théotal-time measures, with an additional reliable
point of syntactic disambiguation than sendifference in the items analysis of the right-
tences with implausible object analyses. Hencbpunded measure. The postverb region pro
we predicted a “crossover” between regions betuced reliable differences on the right-boundec
fore and after disambiguation, as discussedime, regression-path time, and total-time mea
above. The reliable interaction of plausibility insures. Analyses of the first-pass time data re
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TABLE 9

Experiment 3 ANOVAs for First-Pass Regressions, First-Past Time, Right-Bounded Time,
Regression-Path Time, and Total Time Data

Within participants and items

Source F1 F2

Plausibility X Region (postnoun vs verb)

First-pass regressions 16.12%+* (3.07) 13.76*** (6.04)
First-pass time 1.43 (6643) 3.72 (1982)
Right-bounded time 22.93*** (6646) 26.21%** (4052)
Regression-path time 24.40*** (20252) 15,94 (19860)
Total time 4.52* (9408) 6.58* (6281)
Plausibility (noun region)
First-pass regressions <1 (1.24) <1 (1.88)
First-pass time 2.41 (1663) 3.59 (1181)
Right-bounded time 3.09 (1645) 4.36* (1382)
Regression-path time 4.71* (4368) 5.64* (3105)
Total time 6.90** (6998) 4.22* (10184)
Plausibility (postnoun region)
First-pass regressions 17.68*+* (3.38) 26.75%** (2.76)
First-pass time <1 (9738) <1 (2638)
Right-bounded time 36.83*** (5163) 16.23*** (7922)
Regression-path time 65.87*** (9564) 14.14%** (30495)
Total time <1 (25077) <1 (26892)
Plausibility (verb region)
First-pass regressions 3.38 (3.33) 3.21 (5.76)
First-pass time 4.21* (2202) 8.01* (1058)
Right-bounded time 3.54 (3797) 5.82* (1796)
Regression-path time 1.87 (21706) 2.19 (8833)
Total time 8.97** (6099) 4.25* (6676)
Plausibility (postverb region)
First-pass regressions 1.14 (2.14) <1 (3.45)
First-pass time 3.53 (5338) 7.98** (2064)
Right-bounded time 9.66** (10846) 10.30** (5418)
Regression-path time 10.32** (73437) 10.78* (32230)
Total time 9.69** (14384) 12.69** (8103)

Note.Values within parentheses represent mean-squared errors. Degrees of freedom are (1, 39) for participants ¢
25) for items.
*p < .05.
** p < .01.
*k o n < .001.

vealed a reliable effect in the items analysis, builausible intransitive analyses than the sen
not in the participants analysis. tences with implausible object analyses, were
Just as in Experiment 1, the small differencéarder to process than the sentences with im
in plausibility ratings of the sentences on th@lausible object analyses after disambiguation
intransitive analysis cannot have caused the eXhis effect is predicted if participants initially
perimental results. The clearest reason for comdopted the object analysis (Pickering & Trax-
cluding that is that the sentences with plausibleer, 1998), but cannot be explained if partici-
object analyses, which also had slightly morgants initially adopted the intransitive analysis.
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An additional reason for concluding that theand regions after the point of disambiguation
small plausibility difference cannot have beerfPickering & Traxler, 1998). Experiments 1 and
the source of the experimental results is that tH& showed effects with two different sentence
difference between the two conditions emergetypes; Experiment 2 showed effects when the
before participants had reached the main vedentences from Experiment 1 were presented i
(e.g.,stood. We conclude that participants ini-discourse context. Hence the results indicate
tially adopted the object analysis in Experimenthat readers adopted the object analysis, eve
3. This is again inconsistent with the seriathough both frequency-based accounts pre
lexical-guidance and serial-likelihood accountdicted that they would have adopted the alter-
native analysis.
GENERAL DISCUSSION

Experiments 1-3 tested the predictions ofonirast with Garnsey et al. (1997)
two serial frequency-based models: a lexical- Our results appear to contradict those of
guidance account in which the parser initiallyGarnsey et al. (1997). The crucial difference is
adopts the analysis compatible with the moghat we find plausibility effects with sentential-
frequent subcategorization frame of the verbomplement-biased verbs (i.e., C-biased verbs
(Ford et al., 1982), and a more general seriaboth during the critical ambiguous region and
likelihood account in which the parser adoptsfter disambiguation, and they do not. We iden-
the analysis that readers would produce as theify three possible reasons for this. First, our
sentence completion given prior context. Neiexperiments had much greater power. We em
ther of these accounts is compatible with theloyed 8 items per cell (13 per cell in Experi-
results. Experiments 1 and 2 showed that pament 3, using a second sentence type) rathe
ticipants adopted the object analysis in compleghan 4 per cell; and Garnsey et al.’s results
ment-clause ambiguities, even when both priatepended on interactions between experiment:
context and subcategorization frequencies supentences and control sentences with th
ported the sentential-complement analysis. Exomplementizethat, whereas our did not. Sec-
periment 3 showed that they adopted thend, their ambiguous region was shorter thar
transitive analysis of subordinate-clause ambours. Our effects are clearest in the postnoul
guities, even when both prior context and sulregion, which they did not have. In our labora-
categorization frequencies supported the intratery, we have repeatedly found plausibility ef-
sitive analysis. fects that emerge immediately after a critical

In more detail, we constructed sentences thaead noun (e.g., Pickering & Traxler, 1998;
were locally ambiguous: A noun phrase couldraxler et al., 1998).
either serve as the object of a preceding verb or Finally, Garnsey et al.’s (1997) conclusions
as the subject of a following complementdepend to a very large extent on the compariso
clause. Pretests demonstrated that the objdmtween the C-biased and O-biased verbs. E:
analysis was the less frequent analysis for theentially, they find some evidence for early
verb, and the less frequent continuation, giveplausibility effects with the O-biased verbs, but
the prior context. Pretests also demonstratetbne with the C-biased verbs. But there is rea
that the two versions of the experimental itemson to believe that effects with C-biased verbs
differed in plausibility on the less frequent ob-would be smaller than effects with O-biased
ject analysis. The eye-tracking experimentserbs (e.g., Mitchell & Holmes, 1985; True-
showed that participants were affected by thewell et al., 1993), perhaps reflecting differ-
plausibility manipulation. Most importantly, ences in difficulty of reanalysis. Hence, they are
participants found processing of the ambiguouced with the problem of distinguishing a
region more difficult if the object analysis wassmaller effect from no effect. No direct com-
implausible than if it was plausible. Addition-parisons are made between C- and O-biase
ally, the results demonstrated that the conditiongerbs. Moreover, their evidence for plausibility
exhibited a crossover between regions beforffects with O-biased verbs is weak. The critical
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interaction only approached significancevould make different predictions from both of
weakly on the first pas§.05 < p < .1 by the accounts we have tested. Hence, we can ru
participantsp > .1 by items) and was nonsig-out Ford et al.’s (1982) lexical guidance account
nificant on total time. In the self-paced-reading@nd suggest that the Linguistic Tuning accoun
replication, the effect actuallseversedthough (Mitchell et al., 1995) is likely to be incompat-
nonsignificantly), and there was a marginal reible with our data. In what follows, we discuss
versed effect with the third set of verbs, theother kinds of models. Two of these classes ar
equibiased verbs. At disambiguation, there wasurrently influential; the third is a new alterna-
a marginal interaction for the O-biased verbsve.
between plausibility and complementizer pres- Parallel, frequency-based accountBy a
ence on total time only. In general, the effects gbarallel frequency-based account, we mean an
plausibility were weak with the O-biased verbsaccount in which different analyses can be con
Given their short ambiguous region and smalidered concurrently and are ranked on the bas
number of items, it is not surprising that Garn-of their frequency. The most explicit of these is
sey et al. (1997) did not detect plausibility ef-Jurafsky’s (1996) model, which estimates like-
fects for C-biased verbs. lihood using a combination of top-down (gram-
In conclusion, we were looking for a verymatical) and bottom-up (lexical preference) in-
specific effect; whereas they searched for formation and considers a bounded number o
much more complex pattern of effects, whichranked analyses in parallel. While it is difficult
resulted from the manipulation of type of verbto make specific predictions for his model with
presence versus absence of complementizeespect to our experimental materials, we pre
and reading method. It is therefore not surprissume it would initially rank the sentential-com-
ing that we found an effect that their techniqgug@lement or the intransitive analysis higher than
failed to discover; whereas, in contrast, theithe object analysis and should thus predict nc
experiments provided very important evidencerocessing delays as a result of plausibility for
about other aspects of processing. Hence we ctre object reading. The effects we observe ar
be convinced that readers do not always adofiterefore not directly predicted or explained by
the most likely analysis at a point of local amthe parallel likelihood parsing mechanism he
biguity. We should not, however, that Garnseproposes.
et al. (1997) also reject a serial lexical-guidance However, the best known parallel accounts
account. They found that some of the effects iare constraint-based accounts, in which parsin
their C sentences correlated with the differencereferences are determined by the simultaneot
in the plausibility of the object analysis betweernnteraction of multiple constraints (Garnsey et
test sentences. This suggests that readers ewall; 1997; MacDonald, 1994; MacDonald et al.,
uated the object analysis when the verb pret994; McRae, Spivey-Knowlton, & Tanenhaus,
ferred a sentential complemengntrathe serial 1998; Trueswell, 1996; Trueswell et al., 1993,

lexical-guidance account. 1994; cf. Taraban & McClelland, 1988; Tyler &
o Marslen-Wilson, 1977). These constraints relate

'mlf’/l“c;t'lons of These Results for Other to any properties of the encountered sentenc
odels

that may influence its continuation, including
The results rule out two possible kinds ofsubcategorization preferences, other syntacti
serial, frequency-based accounts: serial lexicalies, the meaning of the fragment, the nature o
guidance and serial likelihood. They might, inthe discourse context, and prosody or punctua
theory, be compatible with other serial fretion. The relative activations of different anal-
guency-based accounts that make their degises (i.e., their rankings) change dynamically a
sions at some different fineness of grain froomew constraints become available.
either of the accounts that we have tested. In the Because the parser pays attention to multiple
absence of any clear accounts, we can onbonstraints, such accounts have more in com
claim that it is unlikely that such accountsmon with fine-grained than coarse-grained ac
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counts. This is evidenced by the fact that dateerbs. For instance, the processor might not
about these constraints is typically estimatethat more verbs are transitive than intransitive
from corpus counts or from production tasksay, and prefer a transitive analysis for a low-
where participants complete sentences from theequency intransitive-preference verb.
point of ambiguity onward. For instance, a few Given, however, that both of our pretests
participants might complet&€he young athlete (construction of a sentence containing a vert
realized. . . using an object (e.dher potentia), like realizedand completion of a fragment like
but more using a sentential complement (e.gThe athlete realized. .) make the same predic-
her potential was enormolsand most might tion about the favored analysis, it is highly
completeThe young athlete realized hesing a unlikely that any current constraint-based
sentential complement (e.dher potential was model would predict the opposite. It is therefore
enormouy From this, such models would as-reasonable to conclude that the object analysi
sume that the parser would prefer the sententiadhould be disfavored in both constructions con-
complement analysis to the object analysis (e.gsidered in this article.
Garnsey et al., 1997; Trueswell et al., 1993) and The second way in which our experiments do
would foreground it byher at the latest. not directly test constraint-based accounts i
There are two ways in which our experimentshat we tested the adequacy of serial frequency
do not directly test constraint-based accountbased accounts, not parallel ones. Parallel moc
First, it is not clear that we employ the correcels to predict the activation of the object anal-
fineness-of-grain to test the models. Clearlysis. Assuming the above discussion, they
constraint-based accounts are more general tharedict that the sentential-complement analysi:
the serial lexical-guidance account in that sub(or intransitive analysis in Experiment 3) would
categorization preferences are not the only fabe activated most strongly (i.e., foregrounded
tor used to determine preferences. They do apnd the object analysis would be less strongly
pear to have more in common with the serialactivated (i.e., backgrounded).
likelihood account, if only because proponents Hence, constraint-based accounts would ex
of such theories have employed sentence-corpkain the plausibility effects of the object anal-
pletion data to determine their predictions.  ysis that occur in all three experiments as stem
However, some constraint-based modelsing from the backgrounded analysis. The latel
have been given particular connectionist impleeffects (after syntactic disambiguation) are ex-
mentations which are not entirely compatiblglained by claiming that the object analysis
with the assumption that rankings should béecomes more strongly activated if it is plausi-
determined by completion preferences. Thusle, and hence reanalysis becomes more diffi
Juliano and Tanenhaus (1994) assumed a netilt; whereas it becomes less strongly activate
work consisting of an input layer representingf it is implausible, and hence reanalysis be-
lexical items, a hidden unit layer, and a layecomes easier. Notice that this account assume
representing syntactic categories. As Mitchell @hat backgrounded analyses are semantically ir
al. (1995) pointed out, lexical information mustterpreted with respect to general knowledge
be stored in the set of weights between the inpithis is a much stronger claim than the claim
and the hidden layers. During training, everyhat backgrounded analyses are computed.
input leads to adjustment of all other weights This claim is probably impossible to disprove
via back propagation. Thus, the weights ben general (a more powerful parallel account car
tween the hidden units and the syntactic catelways capture the same data as a more pars
gory units will necessarily reflect frequencies ofnonious serial account). However, it is far from
broader categories than the individual lexicatlear that it is compatible with the assumptions
items—so-called neighborhood effects. Thef current constraint-based models. The reaso
consequence is that subcategorization prefds that different analyses compete against eac
ences will be affected by subcategorization fresther for activation, and more competition oc-
guencies for classes of verbs, not just individuadurs if the two analyses reach a similar level of
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activation than if one is much more activated Restricted serial accountfQur results are
than the other. According to Spivey-Knowltoncompatible with a number ofestricted serial
and Sedivy (1995), “processing delays are accounts in which initial decisions are based or
manifestation of direct competition between opsome information sources alone. Most curren
posing alternative. . . . Near equal activation accounts use grammar-based principles to mak
levels of the two alternatives will result ininitial parsing decisions (e.g., Abney, 1989;
lengthy competition, hence greatly slowed readcrocker, 1996; Ferreira & Henderson, 1990;
ing time at that point of ambiguity” (p. 260). Frazier, 1979, 1987; Gorrell, 1995; Kimball,
The sentential-complement (or intransitive}973: Mitchell, 1987, 1989: Pritchett, 1992;
analysis receives most activation on the basis &fiyrt & Crocker, 1996). In all of these models,
its frequency. If the object analysis is plausibleghe parser initially adopts the object analysis
then it will receive considerable activation fromgther than the sentential-complement analysi
this source. Hence, the two analyses shou|d Experiments 1 and 2, and the object analysi
complete, resulting in processing difficulty. Bulyather than the intransitive analysis in Experi-
if the object analysis is implausible, neithefyant 3.

frequency nor plausibility will provide it with e jjlustrate this with respect to the “Garden
activation. _Thus, p_nly the sen_tential-complepath,, model, proposed by Frazier (1979, 1987)
ment (or intransitive) analysis should Dbexger The young athlete realized hehe parser
strongly activated, and no competition shouldyy s the principle of minimal attachment and

ensue. The striking conclusion is that Cu”enédopts the object analysis, essentially because

constraint-based models predict the Oppog‘%quires the postulation of fewer nodes in a
pattern during processing of the ambiguous re

. . : hrase structure tree than the sentential-comple
gion from that observed in the experiments re- . . .
ment analysis. Hence, it predicts effects of plau-
ported here.

sibility after potential versusexercises.After

In other words, a parallel account in whic . . :
S . hile the pilot was flying thehe parser follows
activation levels are determined by frequency g o
the principle of late closure and adopts the ob-

analyses or probability of completions might be ; vsis. b it brefers to i 1
compatible with our data. But we do not believdSCt @nalysis, becaUse It prefers to incorporal

that current constraint-based accounts could 6'38 new noun phrase into the subordinate claus

compatible, because of their reliance on con{-"]‘ther than begin a new clause. Hence, it pre

petition as the mechanism of syntactic disanfiCtS €ffects of plausibility afteplane versus
biguation. In contrast, parallel likelihood mod-Norse.In both cases, the’ object analysis is in-
els such as Jurafsky (1996) rank analysdeduent; but the parser's initial decision pays
according to their prior probability. Thus then© attention to frequency (indeed, it ignores
sentential-complement (or intransitive) analysi§ubcategorization preferences entirely). Othe
will be ranked higher than the object ana|ysi£e_s_trlcted, serial accounts predlc?t t.hat the parse
for the items in our experiments. In the caséitially adopts the object analysis in both types
where the noun phrase following the verb i©f sentence and are therefore also compatibl
implausible as a direct object, such a modeVith our findings.

should therefore predict no processing difficulty Frazier (1979) argued that the parser obey:
during reading (and no crossover pattern), sindginimal attachment because the analysis com
the object analysis is disfavored and its implauPatible with minimal attachment requires fewer
sibility means there is no reason to change thRomputational steps than alternatives. The dif
ranking. Thus the object analysis will never bderent analyses compete in a race, and the mir
foregrounded. This is inconsistent with the findimal attachment analysis wins. This account
ings we present here, where the implausibilitguggests that minimal attachment exists becaus
of the object does lead to an increased complegf the limitations of the parser; it cannot access
ity, suggesting that the object analysis is iniother sources of information during initial pro-
tially foregrounded. cessing, even if those sources of information ir
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fact meant that the parser obtained an analydisat such a parser might allow other factors to
that would prove more useful ultimately. affect its choice of analysis. The vast majority

Informativity. Our data suggest that people dof local ambiguities cause little processing dif-
not base their initial parsing decisions on freficulty (e.g., the complement-clause ambiguity:
guency-based estimates of likelihood for asee Pritchett, 1992; Sturt, Pickering, & Crocker,
analysis alone. The parser does not simply s&€999). In many cases, the processor must ini
lect the analysis compatible with the most fretially favor the wrong analysis, without causing
guent subcategorization frame of the verb; nainy marked difficulty. So the parser need not
does it select the analysis that the reader woukimply be guided by a desire to reduce reanal
produce on the basis of all available contextualsis as much as possible.
information. In contrast, some reanalyses are clearly

The data are, as noted above, consistent wittarder than others (Sturt et al., 1999). One as
some restricted serial accounts. However, thgect of this is that reanalysis is in general likely
findings of Trueswell et al. (1993) and Garnseyo be easier if the parser has been misled for .
et al. (1997) indicate that frequency informatiorshort than a long time. Experimental evidence
is employed during early stages of processingn general supports this, though length is not the
Our results point against strict likelihood mod-only determinant of difficulty (Ferreira & Hen-
els, but they do not rule out other kinds ofderson, 1991; Frazier & Rayner, 1982; Sturt ef
probabilistic accounts. One way of reconcilingal., 1999; Warner & Glass, 1987). This suggests
our results with those of Trueswell et al. andhat an efficient parser need not always adop
Garnsey et al. is to claim that frequency plays the most likely analysis immediately: It may be
role during initial processing, but its impact ispetter to favor a somewhat less likely analysis
not sufficiently strong that the processor simplyhat can be abandoned quickly and straightfor
always favors the most frequent analysis. Inwardly over a somewhat more likely analysis
deed, a serial account that uses frequency as fitat cannot be abandoned without great proces:
dominant decision mechanism is not supporte@lg difficulty.
by our findings. On this basis, we propose that it may be

We now sketch an alternative account irpreferable to favor what we calltastableanal-
which the parser does pay attention to frequengsis. Informally, a testable analysis is one for
information but is not exclusively guided by it.which the parser is likely to receive good evi-
Instead, we suggest that the parser may hfence quickly (e.g., on the next constituent)
guided by a principle that we califormativity about whether the analysis is likely to be correct
(Chater, Crocker, & Pickering, 1998; Crockerpr not. Consider (1a) and (1b):
Pickering, & Chater, 1999).

Let us assume that the parser is designed to(l_a). The young athlete realized h_er potential one day
operate as accurately and effectively as possible ™9 make her a world-class sprinter.

(1b). The young athlete realized her exercises one

so as to allow the reader to reach the correct day might make her a world-class sprinter.
analysis for the sentence as quickly as possible.
This is of course only an assumption, but simH the parser adopts the object analysis afike
ilar assumptions have been exploited in variougoung athlete realizecbr The young athlete
areas of cognitive psychology and beyond (e.grealized herjt is likely to encounter a noun that
Anderson, 1991; Legge, Klitz, & Tjan, 1997;provides good evidence about whether it was
Oaksford & Chater, 1994; cf. Marr, 1982). If so,correct or not. If it encounterpotential[as in
it would seem strange to ignore potentially use3a)], dreams, or ambitions, then the object
ful information, such as frequency. Indeed, iainalysis is very likely (e.g., becausealized
might appear sensible to be guided entirely biier potentialwould have occurred frequently
frequency in order to reduce the need for resn the object analysis). In this case, the parse
analysis to a minimum. will retain the object analysis. If it encounters

But in fact there are good reasons to assunexerciseqas in (3b)], house,or in fact almost
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any other word, then the object analysis is efignore likelihood entirely. Instead, we hypoth-
fectively impossible. In this case, the parser issize that it pays attention to both likelihood and
able to abandon the object analysis and adogstability. On this assumption, the favored
the sentential-complement analysis with confianalysis is the mosinformative analysis: one
dence. In either case, the parser immediatethat is both fairly likely and fairly testable. We
encounters fairly reliable information about theuse the term “informative” because the most
object analysis. Hence the object analysis isformative analysis denotes the analysis tha
highly testable. the following material will provide most evi-

But if the parser adopts the sentential-comdence or information about whether it is likely
plement analysis, then the noun that it encoure be correct. We therefore argue that the sen-
ters will not provide good evidence aboutence processor will have a preference to builc
whether the analysis is correct or not. Almostestable analyses over nontestable ones, exce
any noun is possible aftéfhe young athlete where the testable analysis is highly unlikely.
realized heron the sentential-complement analThe result will be a greater number of easy
ysis. So it would not know whether to retain themisanalyses (induced by less probable but mor
analysis or abandon it after encounterpaen- testable analyses) and a smaller number of dif
tial or exercisesand it would have no reason toficult misanalyses (induced by more probable
treat potential and exercisedifferently. Hence but less testable analyses). The result will be
this analysis is not highly testable. The parsehat the ultimately correct analysis will usually
would presumably retain the sentential-complebe obtained quickly, either initially or after
ment analysis, and would be right more oftemapid reanalysis. However, it would not be op-
than not, because this analysis is most likelftimal to favor testable analyses without any
But if the object analysis were correct, it wouldregard to frequency, and some balance betwee
have no evidence for this until eventual syntaghe two influences should be struck.
tic disambiguation, and so, by choosing the We refer to the principle which balances like-
sentential-complement analysis, it would be letihood with testability aghe principle of infor-

a long way up the garden path. Similar argumativity:
ments hold for the intransitive analysis in Ex-
periment 3.

For other ambiguities, the advantages of
choosing a testable analysis may be more sulft other words, at a point of local ambiguity, the
stantial. Consider the following hypotheticalprocessor should favor the syntactic analysis
case. The parser has to choose between Analg) which maximizes its informativity (). This
sis A, correct 40% of the time, and Analysis Bjs a function of the prior probability (P) of an
correct 60% of the time. Analysis A is com-analysis and its testability (T). Crocker et al.
pletely testable, so that the parser knows by tH8999) present a particular characterization o
next noun (say) whether Analysis A is correct othis function (for background, see Chater et al..
not. Analysis B is untestable, so that no furthet998). The prior probability of an analysis is
information becomes available to indicatesimply its likelihood at that point in the sen-
whether the right choice has been made or négnce. Crocker et al. argue that testability be
(as Analysis A is not computed and interpretedjnstantiated by a measure callspecificity(S),

If the parser selects Analysis B, it will be rightwhich reflects the extent to which a particular
60% of the time and will never reanalyze. If itanalysis constrains (i.e., predicts) what words
selects Analysis A, it will be right 100% of the

time: 40% of the time immediate|y’ 60% of the ' The terminformativeshould not be confused with the

time after rapid revision. Assuming reanalysis igotion of information as developed in Information Theory
’ (Shannon, 1948). However, to the extent that informativity

straightfoward in this case, adopting Analysis Aéharacterizes the constraints that a (partial) analysis place

initially is clearly the more efficient strategy. on its continuation, it can be seen as a measure of associ
We do not propose that the parser shoultgbn not dissimilar from the notion of mutual information.

5. For all sin S, select swhere I(s) is maximized,
where I(s) = f(P(s), T(s)).
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will be encountered next and can be estimatdditial languages, the specificity that a verb
from a corpus. The fewer words that are perplaces on one of its postverbal arguments will
mitted, the more specific the analysis, and hene®rmally be relatively high (e.g., because the
the more informative the words (i.e., the eviverb places selectional restrictions on the argu
dence) will be in evaluating whether the forement). In contrast, the specificity that a verb
grounded analysis is correct. They then preseptaces on a postverbal phrase that is not one ¢
a rational analysis, which derives the followingts arguments will be relatively low, since these
function for I: two elements will normally place few restric-
tions on each other.

8. Its) = Pls) X S(s) Such a situation occurs in both of the local
In other words, they claim that specificity andambiguities considered in this article. For in-
prior probability should be multiplied to stancerealizedplaces far more constraints on
achieve the optimal function. the following noun phrase on the object analysis

This model makes a range of clear predicthan it does on the sentential-complement anal
tions based on prior probability and specificityysis [see (1)]; andvas flyingplaces far more
Strictly speaking, we can only make these prezonstraints on the following noun phrase on the
dictions for the processing of an individual senebject analysis than it does on the intransitive
tence after we have determined both the prio@nalysis [see (3)]. This difference in specificity
and the specificity for that sentence. There areis likely to be very considerable and will out-
number of ways to approximate these values. weigh the difference in priors. Thus, the object
the case of the ambiguities considered in thignalysis will be the more informative analysis in
article we suggest that the priors and specificitpoth types of sentence. Such a situation will, we
will be principally determined by properties ofsuggest, occur with most sentential comple-
the verb. We can obtain estimates of priors foment-preference and intransitive-preference
verbs (say) by determining how often the verb iserbs. However, it may be possible for the prior
used in one construction or another, ideally witlpreference for these analyses to be so vast th
reference to the person who is processing thbe difference in testability could be outweighed
sentence. More rough approximations can b@s may happen with verbs likeneezedhat
obtained from corpora or from completion studenly occur transitively in very restricted circum-
ies. Obtaining estimates of specificity values istances and thus very infrequently; see Mitchell
somewhat harder because of the need to esti987). But in general, there will be a strong
mate the range of words that can occur on iitial preference for an analysis that allows a
particular analysis. In other words, for priorsdependency to be formed over one that doe
were merely need word occurrences on a panot.
ticular analysis, whereas for specificity we need The primary purpose of the informativity
word co-occurrences. This rapidly leads to anodel is to provide an abstract characterizatior
sparse data problem, even for large corporaf how the parser should behave. A separat
From corpora or completion studies, we caquestion is how such behavior is realized by the
obtain a sample of sentences using a particulauman language-processing mechanism. Th
verb on a particular analysis and see how mudirongest hypothesis would be that the parse
variability there is in the words employed. attempts a faithful implementation of informa-

However, the predictions for a considerabléivity and actually computes the informativity
proportion of locally ambiguous sentences cawmalues in a word-by-word manner. It is equally
be made on the basis of a single reasonabp®ssible, however, that the parser uses heurist
assumption. This is that the specificity betweestrategies which approximate to informativity,
a pair of words or constituents that share a diretlereby yielding similar behavior for the major-
dependency will be much greater than the speity of the utterances people encounter. For ex
ificity between words or constituents that do noample, the general predictions of specificity
share such a dependency. For example, in venmight be realized as simple heuristics (e.g., pre
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fer argument attachment to modifier attach- 7. The jud‘ge decided tHassue/crooK in time | would |
ment). A further possibility is a hybrid accountconfuse thd jurors.

in which people combine probabilistic estimatefcz'usTehO'e ;ffgi;g;it:nded théiness/surgery somehow

of likelihood with heuristic stra.tegles like argu- g The butler admitted thevisitor/candled apparently]

ment attachment. Such a hybrid approach coulfkiressed the | duchess tremendously.

exploit information stored at the lexical level 10. The lecturer hinted thesolution/building| clearly |

(e.g., concerning the relative frequency of pogwould| confuse the architecture students.

sible subcategorization frames for individual 11. The instructor implied _thbanswer/doctoksooner or
bs and possibly the specificity of these alter(ilterl would| open up| new lines of research,

Ver. p - y p y o A 12. The murderer admitted hjsguilt/knife | one day]|

natives). Storing more complex probabilistic iNyas| uncovered by the police.

formation, for instance associated with partial 13. The tutor hinted theanswer/spidef clearly | would

syntactic structures, would be much more com-amaze the students.

plex, as it would entail computing frequencies 14. The jury decided the verdict/sheriff| apparently|

for structures that are presumably constructedf!!d| satisfy people’s demand for justice.
15. The young man realized Higoals/shoessomehow

during processing and are not stored. | would | be far out of| reach.

Our experiments tested the predictions of the 16. The pub owner admitted the punters/matches
serial-lexical-guidance and serial-likelihood acsometimeg bored| him | senseless.
counts and showed that neither was compatiblgeiment 2 items
with the results of three eye-tracking experiments.
Instead, the processor appeared to favor less f[{éé—E YOUNG EXECUTIVE
fi

| f e young man thought about his current goals as he packe
quent analyses over more frequent ones. Su shoes in the luggage compartment of the bus. The youn

evidence would traditionally be used to SUppORhan realized his goals/shoes somehow would be far out o
restricted, two-stage parsing models. In this finakach. But he struggled on anyway.

section, we have presented an alternative accoyilc vounG SPRINTER

of these findings. We suggest that the processgie girl did a series of strenuous exercises every day befor
obeys the principle of informativity, under whichshe reached her full potential. The young athlete realized he

initial selection of analyses is dependent both opptential/exercises one day might make her a world-clas:

how frequent an analysis is and how testable it igprinter. She dreamt about winning a gold medal in the
Olympic Games.

APPENDIX AT THE MERCHANT BANK

The banker studied the company’s books in detail trying to

The noun before the shill (/) was used in the version of thgyre out how it could make a profit. The investor realized
item containing the plausible object analysis, whereas the NONprofit/banker apparently would save the company from

after the shill was used in the version of the item containing th&oing broke. He felt certain that the company’s fortunes
implausible object analysis. Note that some nouns occur twicgg1d take a turn for the better.

but repeats never occurred in an item list. Regions are indicated

by “” marks. The final " in each item also indicates the line AT THE HOSPITAL

break. The wise old doctor wondered whether the experimental
surgery would help the new patient. The doctor admitted the
patient/surgery one day would be forgotten by the staff.

1. The young athlete realized hepotential/exercises  1hey had all been working extremely hard.
one day| might| make herl a world-class sprinter. ON TRIAL FOR BLACKMAIL
2. The doctor admitted thepatient/surgenyf one day|  The witness thought she knew the truth and the sounc

would | be forgotten| by the staff. _ , coming from the tape player convinced her even more. The
3. The teacher hinted theolution/appendixsometimes \iiness admitted the truth/sound in time would make the

| could| be found in| the back of the book. victim angry. The crime had shocked the entire community.
4. The bank admitted themistake/weathef sooner or

Experiment 1 items

later | would | cause a lot of trouble. DOWN AT THE OLD BAILEY
5. The investor realized hprofit/banker| apparently] ~ Without being prompted, the crook raised the issue tha
would | save thd company from going broke. made the old judge scramble for his law books. The judge

6. The witness admitted théruth/sound in time| would ~ decided the issue/crook in time would confuse the jurors.
| make the victim| angry. They might never uncover the truth.
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ANOTHER CASE SOLVED THE MATHS TEXTBOOKS

The sheriff hoped that the jury would announce the verdicthe teacher said that the appendix appeared in one editio
before the crowd outside got out of hand. The jury decidedf our textbooks and that we might check the solution. The
the verdict/sheriff apparently would satisfy people’s deteacher hinted the solution/appendix sometimes could b
mand for justice. The crowd grew larger as the trial draggefbund in the back of the book. The students learned a lof
on. more when they were able to check their answers.

AVOIDING WORK Experiment 3 items

Jeff thought that the shirker had made up the whole story 1. While the pilot was flying thé plane/horsé that had

about his illness and surgery that he needed. The slacker.
retended the illness/surgery somehow caused his absenacre”vEOII stood| over| by the fence.
P 2. As the monk chanted thE prayer/priest| that the

He had been fired from his last four jobs. . ) : -
bishop knew impressed a | foreign visitor.

AT THE ARCHITECTURE COLLEGE 3. While the supporters cheered théeam/wind| that
The old lecturer knew that the students could not design tfame in| bothered| the | coaching staff.

building properly until they came up with the solution to the 4. As the professor lectured thetudents/sparrowshat
central support problem. The lecturer hinted the solutiorwere still| became| a| bit restless.

building clearly would confuse the architecture students. 5. As the sergeant marched thequad/tanks that the
They were having a very hard time mastering the subje¢®an saw attacked| a | fortified position.

material. 6. As the minister preached theermon/bishopthat we
heard| excited| the | congregation.
LEARNING ABOUT GENETICS 7. As the old man sailed theboat/isle| that the tycoon

The instructor told the students that the doctor had found tr]eowned| appeared ofthe horizon.

answer to the most serious problem in genetics. The instruc-g - As the choir sang thehnymn/gamé that the vicar liked
tor implied the answer/doctor sooner or later would open UPwas played by the organist.

new lines of research. New treatments for inherited diseasesg  \when the man smoked theigar/child| that belonged

would be just around the corner. to a friend| burned| a | hole in his suit.
DOWN AT THE BANK 10. While the boy was swimming tHeiver/horse| from

One of the accountants discovered a mistake that the bal{lE hiIIs|hr'e|aceg| past] the”r(Jondh hat his wi
made predicting how the weather would affect the crops. 11. While the man walked thedog/car| that his wife

The bank admitted the mistake/weather sooner or Iatgplljghismr?peq‘ EeXt‘ tr? the;ire h)r/]drant./ cerd th
would cause a lot of trouble. A lot of people were likely to : hs Le pic etsdc ar;t.e dt_Het tr)eats workers that
lose a lot of money. upset the boskcreated a| big disturbance.

13. Because the boss lectured tluterk/break that was
IN THE PALACE late | was| delayed arj entire hour.

The duke insisted that every candle in the palace be lit 14. When the kidnapper marched thieostage/vehiclé
because the visitor wanted to stay up very late. The butléhat he seized stopped at the side of the road.
admitted the visitor/candles apparently distressed the duch-15. While the captain sailed tHeship/bird| that passed
ess tremendously. She had been under a lot of stress latddy.| becamg visible | alongside the reef.

16. While the girl sang thesong/lamp| that she liked

AT THE PUB irritated | the old| woman.
Every Saturday afternoon, dozens of punters would pack the 17 \when the girl walked thg poodie/cradld that her
pub to watch the matches on television. The pub OW“esrister| owned| rested in the front hall.

admitted the punters/matches sometimes bored him senseq g " \wnile the protesters chanted thslogans/worker$
less. He tried to distract himself with thoughts of his upypat we knew annoyed an| elderly manager.

coming holidays. 19. While the speaker lectured thesrowd/train| that
DONE FOR MURDER remained prepared to | depart.

When the newspaper wrote that a knife had been recovered20- AS the guards marched theconvict/tractor| that
the murderer knew that his guilt would be proven. Théroke down| received| some| attention.

murderer admitted his guilt/knife one day was uncovered by 21- AS the helmsman sailed theessel/island that the

the police. However, he never showed any remorse for wha8"Y aided repulsed a| pirate attack.
he had done. 22. When the tenor sang thepera/crowd that pleased

the producet made| the| director ecstatic.
IN BIOLOGY CLASS 23. As the teacher lectured theboy/bee| that was
The tutor had to tell the students all about the spider beforsutside entereflthe | classroom.
they figured out the answer to the question about its feeding 24. As the pirate sailed thpvessel/maiden that was
habits. The tutor hinted the answer/spider clearly wouldhipwrecked tossed| in a | rough sea.
amaze the students. He always believed that students25. As the soprano sang tHesong/room| which we
learned more when the teacher was enthusiastic. arranged displeased the | conductor.
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26. While the athlete was running theace/baby| that garden-path: The use of context by the psychological
we saw producedan | enthusiastic response. processor. In D. Dowty, L. Kartunnen, & A. Zwicky
(Eds.),Natural language parsin¢pp. 320—-358). Cam-
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