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This paper investigates the extent to which existing structural commitments constrain the human parser’s
search for grammatical analyses of incoming material, specifically whetReramalysis As a Last Resort
(RALR) strategy applies to sentence parsing. Two self-paced reading experiments investigate this issue using
structural ambiguity in which a local, easy reanalysis is pitted against a nonlocal attachment requiring no re-
analysis. This ambiguity is created by embedding classic noun phrase/sentential complement ambiguities inside :
relative clause modifying a subject NP. The results of both experiments indicate that readers’ existing structural
commitments do constrain their subsequent parsing decisions: nonlocal analyses which avoid reanalysis are cor
sistently favored over local analyses which require an easy reanalysis. This conclusion is confirmed by the result:
of a subcategorization-bias manipulation in Experiment 2, which shows that readers show a consistent bias tc
avoid reanalysis, rather than a general bias for either local or matrix clause attachmemisi Academic Press
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The main objective of this paper is to investinotonic parsingGorrell, 1995; Marcus, Hindle,
gate the degree to which commitments made &tFleck, 1983; Weinberg, 1993), and it has been
earlier stages in parsing a sentence constrain thglemented in activation-based parallel models
choices that are made at later stages in parsiing.the form of lateral inhibition mechanisms
Although it is clear that parsing a sentence irfMosse & Kempen, 1999). Alternatively, the
volves many cycles of grammatical search foparser may always select the optimal analysis ©
lowed by structural commitment, it is much lesthe new material, with little regard to whether or
clear how the commitments made at one cyci®t this requires reanalysis of existing structural
constrain the grammatical search undertaken @mmitments (Gibson, 1991; Stevenson, 1998)
the next cycle. One possibility is that existindrrom a computational standpoint, it is generally
commitments strongly constrain subsequemtore efficient to let existing commitments con-
search, such that the parser only searches #train subsequent parsing choices, because th
analyses of incoming material which respect aflarrows the search space. However, in the ligh
existing structural commitments. If this is theof evidence that many reanalyses are relativel;
case, then reanalysis would only be consideredsy, many psycholinguists have assumed the
after all other options have failed. This approacdéxisting commitments only weakly constrain
amounts to the strategy sometimes knowRes subsequent search processes (see papers
analysis As a Last Res¢RALR) (Fodor & Fra- Fodor & Ferreira, 1998). The experiments re-
zier, 1980; Frazier, 1990; Frazier & Clifton,ported here attempt to distinguish these alterna
1998); it also appears under the headingiof tives. Studies similar to ours have been con
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A good deal of recent work has attempted tambiguous sequences, which are probably mor
characterize the structural differences betwe&ommon than ambiguous sentences.
easier and more costly reanalyses (e.g., Fodor &We will focus on structures similar to (1), be-
Ferreira, 1998; Gibson, 1991; Pritchett 1988 ause of two useful properties of these struc
1992; Sturt & Crocker 1996), in order to explairiures. First, the ambiguous N&h¢ manin (1))
why some parsing errors lead to comprehensi@initially misanalyzed, and therefore reanalysis
breakdown (classic “garden path” sentencedy necessary when the embedded verb is er
whereas other parsing errors are easily recawuntered (Ferreira & Henderson, 1990; Frazie
ered from. Our concern here is not to charactef- Rayner, 1982; Rayner & Frazier, 1987). Al-
ize the relative difficulty of different reanalysesthough this may not be the case in all contexts, i
Rather, we are concerned with the logicallys certainly true when the NP is a plausible di-
prior question of how the parser searches foect object of the main clause verb and when the
possible grammatical analyses of new materiahain verb appears frequently with NP comple-
If the parser always searches for new analyse®nts in corpora (Garnsey, Pearlmutter, Myers
that are consistent with existing commitments® Lotocky, 1997; Juliano & Tanenhaus, 1994;
then we make the following strong predictionMitchell & Holmes, 1985; Trueswell, Tanen-
even the very easiest reanalyses should baus, & Kello, 1993). Second, the reanalysis
avoided, because they are not part of the initithat is needed in (1) is known to be quite easy
search space, and even globally preferred striRecent experiments by Sturt and colleague:
tures will be avoided, if reanalysis is required iSturt, Pickering, & Crocker, 1999) show that
order to build them. reanalysis in sentences like (1) is much easie

An answer to our main question would leathan the related reanalysis required at the unde
us to a more detailed understanding of how selined verb in sentences like (2). These experi:
tences such as (1) are parsed. The sequérmee ments confirm widely held intuitions (cf. Gib-
woman knows the man wrote is unambigu- son, 1991; Pritchett, 1988, 1992; papers in
ous, and the only possible analysis of theth#® Fodor & Ferreira, 1998). The fact that the re-
man is as the subject of the embedded vermalysis in (1) is so easy makes it a good candi
wrote, but it is less certain how the parser arrivedate for testing the reality of tiiReanalysis As a
at this conclusion when the vewvrote is first Last Resor{RALR) constraint.
encountered. If grammatical search is con-
strained by existing commitments, then the While the woman was reading the magazieé

. onto the floor. (2)

parser will search for other analyses before de-
termining that the NRhe manmust be reana-  Since the reanalysis in (1) is mandatory, it is
lyzed as the subject afrote. If search is not hard to test RALR using exactly this structure.
constrained by existing commitments, this reHowever, we can test RALR by embedding
analysis may be found immediately. structures like (1) inside a subject NP, as in
(3a,3b). The effect of the manipulation in (3) is
that the underlined venlrote no longer forces
reanalysis; this verb could be analyzed as th

The woman knows the mawrote ...

S

P main clause verb, taking the sentence-initial NF
NP VP (1) the creative womaas its subject, as in (4a). In
The woman.— . this case, no reanalysis of the M@ funny man
v NP would be required. Alternatively, the venlyote
knows the man wrote could be locally attached as an embedded ver

within the relative clause, with the NRe funny
An answer to the question of how unambigumanreanalyzed as its subject, as in (4b). The ad
ous sequences like (1) are parsed will shed ligtlition of a gender-specific emphatic reflexive,
on general questions of how the parser rapidiyhich grammatically requires a local an-
determines the correct analysis of globally urtecedent, allows the two alternative structures tc
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be distinguished. In effect, this ambiguity pitstraint applies, then the nonlocal attachment o
against one another (i) a reanalysis which is ihe verbwrote should be pursued, avoiding re-
dependently known to be quite easy and (ii) @nalysis but overriding the locality bias.

structure which does not require reanalysis but To our knowledge, examples like (3) above
which goes against an independently motivatedere first pointed out by Stevenson (1998,
bias, in this instance thecal attachment bias p.358), who presents them as modifications o
(Altmann, van Nice, Garnham, & Henstragxamples in Sturt and Crocker (1996). Steven
1998; Frazier, 1987; Gibson, Pearlmuttesson recognized these examples as key tests
Canseco-Gonzalez & Hickok, 1996; KimballRALR. In Stevenson’s competitive attachment
1973; Phillips & Gibson, 1997; Stevensonmodel, initial attachments and reanalyses di-

1994a; Wanner, 1980). rectly compete with one another, and the local-
a. The creative woman who knows the funny man |ty_preference built into Ste_vensons parsing ar-
wrotesome comedy sketches herself. chitecture therefore predicts that the local

attachment will be chosen in (3), all other things

3
b. The creative woman who knows the funny gn)an . . .
being equal. Similar predictions apply to a num-

wrotesome comedy sketches himself thinks he should

publish the sketches. ber of other parallel parsing models (e.g., Gib-
son, 1991; Jurafsky, 1996). Working within a se-
a. S rial framework, Fodor and Inoue’s model of
T reanalysis (1998, p.105) also predicts that loca
/NP\ V:P reanalysis will be chosen over nonlocal attach:

NP S wrote some comedy ment in (3) . .
Thecreaﬁvewomay\ sketches herself For an interestingly different reason, a prgfer-
who S (4) ence for local attachment in (3) is also predictec
| by a number of proposals in the framework of
vpP D(escription)-theory (Marcus et al., 1983). In
KnGs NP order to account for the ease of reanalysis in ex
the funny man amples like (1), it has been suggested that a

tachment of the underlined vevipote in direct
object/embedded subject ambiguities like (1)

b NP does not require retraction of any existing struc-
NP s tural commitments (e.g., Gorrell, 1995; Wein-
The creative woman_—">~_ berg, 1993). Phrase-structure representation
who S are assumed to be encoded in terms of dom
le nance relations between pairs of nodes (and crt

P cially not immediatedominance relations, in
knows s contrast to more standard syntactic approaches

|S Therefore, when the NRhe funny manis

/\ changed from a direct object to an embedde
NP VP subject, the only structural change is the addi
The funny man _—""~ tion of new dominance relations among nodes

wrote some comedy (g g., the new S and $oth now dominate the
sketches himself . .
NP the funny mahn This change requires no re-
traction of existing dominance relations (e.g.,
main clause VP still dominates NRe funny
Predictions mar), as illustrated in (5). Due to this nonstan-
If reanalysis is cost-free, we expect the parsdard encoding of phrase-structure, the structure
to pursue the local attachment involving re*change” in (1) no longer has the character of
analysis, given the independently motivated Iaeanalysis, and it is therefore predicted to be rel
cality bias. On the other hand, if the RALR conatively easy. For the same reason, approache
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based on D-theory predict the same structunaditment to an initial analysis, and hence may af-
change to be cost-free when it is embedded ifect the parser’s reluctance to give up this com
side a relative clause, as is the case in (3).  mitment.

S S Participants
/\ Si . .
NP VP NP VP ixty-three members of the University of
the woman /™, the wom%\ Delaware community participated in the study
/ ; for payment. Seven participants (11%) were ex:
Y NP v i S

knows  the Knowss cluded from the analyses below because of lov
funny man ; (5) accuracy on t_he comprehension questior_ws fol
lowing each trial (less than 75% on experimen-

S tal sentences or less than 80% on filler sen

; tences), leaving a total of 56 participants.
NP VP

the wrote Reading Span Test
funny man

All participants took part in a reading span
A number of models predict that reanalysitask based on the test used by Daneman ar
will be avoided in (3), and hence the nonlocaCarpenter (1980). This test was run because c
main clause attachment of the underlined vetbe complexity of the test sentences, because ¢
will be selected. This prediction is made by sghe heterogeneity of the participant pool, and
rial models which incorporate an explicit RALRbecause of previous reports of differential sensi
principle (Fodor & Frazier, 1980: Frazier, 1978{ivity to probabilistic information in high- and
Sturt & Crocker, 1996), and it is also made bjow-span readers (Pearlmutter & MacDonald,
Vosse and Kempen's Competitive Inhibitionl995). Participants read sentences aloud from
model (Vosse & Kempen, 2000). Vosse andomputer screen and answered yes/no compre
Kempen's model is interesting in the presertension questions after each sentence. Afte
context, both because it is an implemented correading and answering questions about a grou
putational model and because it captures soragtwo sentences, their task was to recall the las
similar effects to an RALR principle in an acti-word of each of the sentences that was rea
vation-based parallel model, without explicitlyaloud. If at least four of the initial block of five
building in such a principle. The model containpairs of sentences were answered correctly,
a lateral inhibition mechanism that causes in-block of five three-sentence sets was tested. Th
compatible parses to inhibit one another. Thigrocedure continued until a participant failed to
results in a reinforcement of highly ranked carsuccessfully complete a block (maximum block
didates and causes reranking to be very costfjze= 5). The reading-span score is equal to the
In this manner, Vosse and Kempen’s model ussize of the largest group successfully completec
existing commitments to constrain the searagplus 0.2 points per successful trial in the next
for subsequent analyses, despite its lack of gmoup. In Experiment 1 the mean reading spat

explicit RALR constraint. score was 2.44 (s.ek 0.88). Twenty-five partic-
ipants who scored 2.6 or higher were classifiec
EXPERIMENT 1 as high-span readers; the remaining 31 partici

This experiment was designed as an initiglants were treated as low-span readers. In wh:
test of whether existing commitments constraifollows we present the results for high-span anc
grammatical search. We tested structures likew-span readers together, only showing sepa
those in (3) and (4) above, but we also manipuate results where they differ. The inclusion of a
lated the probabilistic bias of the embeddingomprehension question after each sentence |
verb to take an NP-complement. We includethis task (following Roberts & Gibson, 1999,
this manipulation because such probabilistic bsubmitted manuscript) forces participants to in-
ases may affect the strength of the parser’s coterpret each sentence, and thus reinforces the i
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terference between on-line comprehension atidn, and in order to avoid anticipation of a re-
rote memorization in this task. This may alsflexive at the ambiguous verb itself.
explain why reading-span scores tend to be The low unambiguous control condition was
lower in this version of the task than in othecreated by addition of the complementiteat
versions of the task which do not include comFhe high unambiguous control condition was
prehension questions. created by replacing the ambiguous NP with ar
accusative-marked pronourhith or her). A
sample set of stimuli is shown in (7), where the

Forty-eight sets of four items were used in thigalicized words are the crucial manipulations,
experiment, in a 2 2 X 2 design, which ma- and a full list of materials is provided in Appen-
nipulated the attachment-site (high vs low) aoflix B.
the ambiguous verb, the presence or absence of _

Lo a. low ambiguous

temporary ambiguity at the verb, and the com-
plement bias of the embedding verb (strongly The creative woman who knowlse funny mamrote
NP-biased vs weakly NP-biased). All conditions some comedy sketchagmselfabout the amusing es-
began with a subject NP which was modified by capades thinks he should publish them.
a subject relative clause. The relative clause
contained a verb (henceforth tlembedding
verb) which allows both NP complements and The creative woman who knowisat the funny man
sentential complements. The embedding verb wrote some comedy sketchgisselfabout the amus-
was followed by an NP (thembiguousNP) ing escapades thinks he should publish them.
which could be analyzed as the object of the em-
bedding verb or as the subject of a sentential
complement. The ambiguous NP was followed The creative woman who knowse funny mamvrote
by a transitive verb (thembiguous ver}which some comedy sketchéerselfabout the amusing es-
could be attached either as a main clause verkcapades she had seen.
(high attachment) or as an embedded verb (low
attachment). Placed four words after the am-
biguous verb was a gender-marked emphatic re-The creative woman who knowsim wrote some
flexive that disambiguated toward either a high comedy sketcheserselfabout the amusing escapades
or a low attachment. she had seen.

The main clause subject NP and the ambigu-
ous NP were always animate NPs with contrast- The embedding verbs were divided into two
ing gender. This ensured that the disambiguattasses, based on sentence completion norm
ing reflexive was an effective disambiguatoicompiled by Susan Garnsey (p.c.). In 24 of the
and it also ensured that both the main clauséimulus sets the embedding verb was strongl
subject and the ambiguous NP were semankiiased toward an NP complement (88%IP-
cally good candidates to be the subject of trmmpletions as a proportion of #iatless com-
ambiguous verb. The four-word delay betweeplements). In the remaining 24 stimulus sets the
the ambiguous verb and the disambiguation wasnbedding verb was eitheeutralor weaklybi-
included in order to be certain that commitased toward an NP complement (52—-78% NP
ments to the attachment of the ambiguous vedompletions). Due to the small number of verbs
had been established. The reflexive was alwaiyseach class, all verbs appeared in a number ¢
followed by a four-word PP and additional maexperimental items. Within each class, eacl
terial to ensure a grammatical and natural coraerb was used in the same number of stimuli
pletion of the sentence. Emphatic (nonargumehlo S-biased verbs were included in this experi-
tal) reflexives were used rather than argumentalent because of the possibility that NPs follow-
reflexives, in order to lengthen the delay beng strongly S-biased verbs might be initially at-
tween the ambiguous verb and the disambigu&ched as subjects of embedded clauses rath

Materials

b. low unambiguous

c. high ambiguous (7)

d. high unambiguous
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than as direct objects (Garnsey et al., 199%chment site (high/low), and verb-class
Juliano and Tanenhaus, 1994; Trueswell et a{strongly vs weakly NP-biased) as within-sub-
1993), thereby eliminating the trade-off bejects factors.
tween local attachment and reanalysis cost that .
the experiment is based upon. All verbs used fr°mpPrehension Accuracy
the experiment also satisfied the additional con- The overall level of accuracy in responses tc
straint that they allow animate NPs as direct olsomprehension questions was 87%. Results fc
jects. This constraint limited the number o&ll conditions are shown in Table 1. There was
verbs that could be used in the experiment, butrib effect of reading span (High versus Low) in
guaranteed that all candidate subjects of the anwverall comprehension accuracy (&B# < 1).
biguous verb were plausible. If inanimate amResponses to the comprehension question
biguous NPs had been used, then this coudtiowed a main effect of attachment site (partici-
have created a semantic bias for the verb to taent analysisF;(1,55) = 26.61, MSe= 2.96,
the higher, animate NP as its subject, indepeng-< .0001; item analysisF,(1,42) = 29.52,
ent of any RALR constraint. MSe = 3.02,p < .0001), due to greater accu-
racy in the high-attachment conditions than in
the low-attachment conditions. There was a sig
Sentences were presented on a computdficant ambiguityX attachment site interaction
screen using a self-paced reading paradigm wih,(1,55) = 9.72, MSe = 1.08, p < .01,
a one-word moving-window display (Just, CarF,(1,42)= 10.44, MSe= 1.07,p < .01), due to
penter, & Woolley, 1982), using thew-run  a cost of ambiguity in the low-attachment con-
software for Macintosh developed at MIT. Eaclditions F4(1,55)= 7.23, MSe= .991,p < .01;
trial began with a series of dashes marking the(1,42)= 7.36, MSe= .929,p < .01), but not
length and position of the words in the senrn the high-attachment conditions. The fact that
tences. Participants pressed the space bar toademprehension accuracy was lowest in the low
veal each successive word of the sentence. Asibiguous conditions is consistent with the
each new word appeared, the preceding wosglf-paced reading results (below), which show
disappeared. The time spent on each word wine greatest difficulty at the point of disam-
recorded. All sentences were followed by &aiguation in this condition. There were no main
yes/no comprehension question. Feedback effects or interactions involving verb class in the
accuracy was given immediately after eacbomprehension questions.
question. Most of the comprehension questions ,
questioned the ambiguity itself, but with some€!i-Paced Reading
variation to prevent participants from adopting A regression equation predicting reading time
experiment-specific strategies. from word length was constructed for each sub:
Up to 100 characters could appear on eagct, using all items (filler and experimental). At
line of the display, which allowed all materialeach word, the reading time predicted by the sub
up to and including the disambiguating reflexivgect’s regression equation was subtracted from th
to appear on a single line. Following a briehctual measured reading time, and all analyse
practice session, sentences were presentedwiare performed on these differences (residua
pseudo-random order in a single block, consisteading times). This transformation removes ex:
ing of 48 experimental sentences, 36 sentences
from an unrelated experiment, and 65 filler sen-
tences.

Procedure

TABLE 1

Comprehension Accuracy, Experiment 1

Results
Ambiguous Unambiguous

Comprehension accuracy and residual read-
ing times at each region were entered into a r;"e?—w gg‘;ﬁ’ gg?f
peated-measures ANOVA, with ambiguity, at:"> ° °




314 SCHNEIDER AND PHILLIPS

traneous variance by subtracting out a baseline fambedding verbs are combined in all analyses
each subject, and by controlling for noise dudue to the absence of interactions involving
to length effects (Ferreira & Clifton, 1986;verb class.
Trueswell & Tanenhaus, 1991). All times reported Residual reading times for all conditions and
here are based on the residual reading times fegions are shown in Fig. 1 (raw reading times
trials in which the comprehension question wasan be found in Appendix A). At the word imme-
answered correctly. Reading times greater thardiately following the disambiguating reflexive
standard deviations from the mean were trimmetere was a main effect of ambiguify(1,54) =
to 4 s.d. (1108 ms), affecting less than 1% @5.94, MSe= 2340905 < .0001;F5(1,42) =
words; reading times greater than 8000 ms wef6.19, MSe= 2392136, < .0001), a main ef-
excluded, affecting less than 0.01% of trials. Trifect of attachment sité&((1,54)= 10.85, MSe=
als for the verliearwere removed from the analy-552687,p = .001; F(1,42) = 10.83, MSe=
sis due to an unusually flat reading-time profil&72958,p = .001), and an ambiguitx attach-
Additionally, the high unambiguous condition ofment site interaction((1,54) = 25.11, MSe=
item (5) was removed due to a presentation erd279537p < .0001;F,(1.42) = 25.21, MSe=
that rendered the sentence ungrammatical. 1334320p < .0001). Each of these effects, with
There are two areas of particular interest in athe exception of the effect of attachment site, wa:
conditions. First, reading times at the disanmalready significant at the disambiguating reflex-
biguating region (region 8 and subsequent rase itself (region 8), and all of the effects re-
gions) can help determine which parsing conmained significant at regions 10-12.
mitments were made in the ambiguous region. Pairwise comparisons showed that the ambigu
Second, reading times in the ambiguous regidgty X attachment site interaction at region 9 was
(regions 3-7) provide information on the reladue to a strong cost of ambiguity in the low-at-
tive difficulty of making those commitments.tachment conditions—¢(1,54) = 58.31, MSe=
Because the reading times in the ambiguous 1@407338,p < .0001;F,(1,42) = 57.41, MSe=
gions are more easily understood in the light @22229p < .0001), but no cost of ambiguity in
the results in the disambiguating regions, wie high-attachment conditionsX.15). This pat-
take the unorthodox step of presenting the réern of results clearly suggests that the disam
sults from regions 8-11 before the results fromiguating reflexive causes most difficulty in the
regions 3-7. Strongly and weakly NP-biaselbw-attachment conditions. In other words, it sug-

verb reflexive
150
] —&— High Ambiguous
] 100: /\ —m— High Unambiguous
/ \ \ —— Low Ambiguous
—— Low Unambiguous
ol N ;

ey

o
S

Residual Reading Time (ms.)
(]
% L
S

100

1 2 3 45 6 7 8 9 10111213 14
Sentence Region

FIG. 1. Residual reading times for Experiment 1 (The creative woman who kndat, / the funny man /
wrote, / somes / comedy / sketches / himselfg / abouty / the,q/ amusing,; / escapades / thinks 3/ he should
publish them/).
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gests that participants strongly favor a mairead more slowly than its unambiguous counter:
clause analysis of the ambiguous verb. part F(1,54) = 22.31, MSe= 1261511p <
Despite the evidence that high-attachmen®001;F,(1,42) = 21.8, MSe= 1287387 ,p <
conditions were much easier than low-attach©001), possibly because the NP is more strongl
ment conditions, analysis of the high-attachpredicted after the complementizer, or becaus
ment conditions at region 9 reveals a significaits attachment is unambiguous and local in this
interaction of ambiguity with reading-spanposition. On the other hand, the high unambigu-
group F1(54) = 4.89, MSe= 216234p < .05; ous condition was read more slowly than its am-
F2(1,42)= 5.41, MSe= 247511 p < .05). This biguous counterpart=¢(1,52) = 12.5, MSe=
interaction was due to the fact that low-spah051882,p < .001;F,(1,42) = 10.15, MSe=
readers also showed a cost of ambiguity in tl867926,p < .01). The high unambiguous condi-
high-attachment conditions (high attachmention remained slower than all other conditions
F.(1,30) = 4.00, MSe = 190916,p < .05; until region 7, the word immediately preceding
F2(1.42)=4.80, MSe= 234637,p < .05), but the reflexive. In light of the finding that high am-
high-span readers did not (&b < 1). How- biguous conditions were relatively easy at the
ever, even for the low-span readers, the magmisambiguation point, we conclude thatham-
tude of the slowdown due to ambiguity wasiguous and unambiguous high-attachment con
much greater in the low-attachment conditionditions were given a high-attachment analysis
(ambig., 146 ms; unambig., 20 ms; slowdowrstarting at region 4. Therefore, we cannot attrib-
126 ms) than in the high-attachment conditionste the slowdown in the high unambiguous con:-
(ambig., 56 ms; unambig., 25 ms; slowdown, 3ditions to the cost of finding the high attachment.
ms). This difference could indicate that incorA more likely cause is the unnaturalness of the
rect low attachments are more difficult to revisananchored pronoun used as a disambiguato
than incorrect high attachments, or it could indiWe address this issue further below in the dis
cate that high attachments were more commaeyssion and in Experiment 2.
or a combination of the two. Whereas the cost of
ambiguity in the low-attachment conditions per-
sisted until region 12 and beyond, the cost of The clearest finding of this experiment was
ambiguity in the high-attachment conditionghat readers consistently chose the main claus
was only observed at region 9. Among highanalysis (i.e., high-attachment) of the ambigu-
span readers, the magnitude of the slowdowus verb. This finding contrasts with a good dea
due to ambiguity was large in the low-attachef evidence for a local attachment bias in pars
ment conditions (ambig., 121 ms; unambig., fhg ambiguities where reanalysis is not an issue
ms., slowdown, 113 ms), and very small in thand therefore provides compelling evidence tha
high-attachment conditions (ambig., 44 ms., urparsing decisions are constrained by existing
ambig., 42 ms; slowdown, 2 ms). commitments, as thReanalysis As a Last Re-
At the ambiguous verb in region 4 there wasort principle predicts.
no main effect of ambiguity (alfFs < 1), but The preference for high attachments over low
there was a main effect of attachment siwttachments was equally clear with both
(F1(1.54) = 12.34, MSe= 877088,p < .001; strongly and weakly NP-biased verbs. This
F2(1.42) = 12.63, MSe= 915345,p < .001), could be taken to indicate that the effect of ex-
which persisted until region 5, and an ambiguitisting commitments is not graded, and that all
X attachment site interactiofR{(1,54)= 32.21, existing commitments are respected, regardles
MSe = 2288876 p < .0001;F,(1.42) = 28.95, of how well they are supported by probabilistic
MSe = 2098477,p < .0001), which persisted information. Alternatively, the lack of a verb
until region 7. Pairwise comparisons reveal thalass difference could simply reflect the fact that
this interaction was due to main effects of ambaur manipulation was a relatively weak one,
guity for both attachment sites, but with oppositsince both verb classes were to some extent NF
directions. The low ambiguous condition wabiased. Ferreira and Henderson (1990) failed t

Discussion
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find any evidence of verb bias effects in initiahmbiguous verb high, but they sometimes
parsing decisions, but they did notice some difprobably infrequently) attached it low, in ap-
ferences in ease of recovery from error based parent violation of RALR. One possible expla-
verb bias. Trueswell et al. (1993) found strongation for the contrast between span groups re
evidence of verb-class effects at the point of ditates to independent evidence that low-spar
ambiguation. It should be noted, however, thataders are less constrained by probabilistic bi
the verb bias differences in the materials used @ses than are high-span readers (Pearlmutter
the Ferreira and Henderson and Trueswell et dacDonald, 1995). This could mean that our
studies were greater than the verb bias diffelew-span readers sometimes initially analyzed
ences in this experiment, and this might be ttlte ambiguous NP as an embedded subject, eve
reason for the lack of findings here. before the ambiguous verb was encountered. |
Inferences that can be drawn from readinthis happened, then RALR would no longer
times at the disambiguating regions allow us tolock the low attachment of the ambiguous
constrain the possible interpretations of theerb. However, the span group difference at re
reading times in the ambiguous region (3—7yion 9 should be treated with some caution. Al-
The slower reading time for the low ambiguouthough high-span readers showed no slowdow
condition relative to its control is expected, botlkdue to ambiguity in the high conditions at region
because the disambiguating complementiz8r they showed a marginally significant effect of
could facilitate the reading times for the subseimbiguity at remn 8 4(1,24) = 2.49, MSe=
quent words, and because the ambiguous vertli31172,p < .12; F5(1,42) = 3.14, MSe =
attached nonlocally as a main clause verb in ti49775,p < .08), due to slower reading times
ambiguous condition, an attachment which maipr theunambiguous high-attachment condition.
require extra time. Therefore, we cannot exclude the possibility
The fact that the high unambiguous conditiothat a small cost of ambiguity at region 9 was
was read more slowly than the high ambiguousasked by an independent slowdown in the
condition is more surprising. Based on the rérigh unambiguous condition.
sults at the disambiguating region, we can be There are a number of questions which nee
confident that participants give the same mato be addressed by a further experiment. First
clause analysis to the ambiguous verb in bo#ithough we took care to make both animate
high ambiguous and high unambiguous condNPs equally plausible subjects for the ambigu-
tions. Therefore, we cannot attribute the slowsus verb, it might be objected that the high at-
down in the unambiguous condition to any addtachments were made because the main clau:
tional cost of the high attachment. We suggestibject-verb dependency has special status (c
that the slowdown reflects difficulty associateibson, 1998). This can be addressed by emr
with the pronoun that is used as a disambiguatoedding the test structures such that the nonic
in this condition. In a string such &ke creative cal attachment site does not correspond to th
woman who knows him. . the pronoun is not main clause.
anchored to any existing discourse referent. Al- Second, the use of an unanchored pronoun &
though this is fully grammatical and natural irdisambiguator in the high-attachment condi-
some English contexts (as irhe people who tions may have introduced spurious differences
know him best think the President is a gepiils between the high-attachment and low-attach
is unnatural in this context and may trigger ament conditions. This problem can be addresse
ultimately fruitless search for an antecedent. by providing an antecedent for the pronoun anc
Although high-span readers and low-spabhy using matched disambiguators in high-
readers showed similar results at most regiorsttachment and low-attachment conditions.
the one striking difference was the evidence for Third, the lack of verb-class differences may
a garden path in both high-attachment and lowe due to the weakness of our verb-class maniy
attachment conditions for the low-span readerslation, and the anomalous behavior of low-
This suggests that they did not always attach tepan readers may have been due to their relati
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insensitivity to probabilistic verb argumentpated in Experiment 1, participated in the study
structure biases. These can be addressed foy payment. Eight participants (12.5%) were
using a wider variety of verb classes. excluded from the analysis based on their low
The use of a stronger verb-bias manipulatiosccuracy on the comprehension questions (les
also makes it possible to address a couple thlan 65% on experimental sentences, or les
other accounts of the high attachment bias otixan 80% on the filler sentences), leaving a tota
served in Experiment 1. The high attachments 56 participants. The exclusion criterion was
observed there may be due to a simple “avoglightly more liberal in this experiment than in
embedding” constraint, which attempts to miniExperiment 1, due to the increased length of the
mize the degree of embedding at any choiexperimental stimuli, but the percentage of sub:-
point in a sentence (and thus necessarily cofects excluded was almost identical to that in
petes against local attachment constraints), Bxperiment 1.
they may be due to a constraint which places a
cost on long subject NPs (the low attachmefaterials
lengthens the subject NP). It has been observedViaterials for this experiment were identical
that subject NPs tend to be shorter than NPsim format to those used in Experiment 1, with
other positions (e.g., Behagel, 1932; Hawkinghe following exceptions. First, four classes of
1994). Attention to this statistical property oembedding verbs were used, instead of the tw
language may lead comprehenders to adopt elasses used in Experiment 1: strongly NP-bi-
early closure strategy for subject NPs. If eitheased, weakly NP-biased, S-biased, and verb
of these alternatives is responsible for the highat only allow NP complements. See Appendix
attachment effect, then we should expect &b for full details of the verbs used. The condi-
across-the-board high-attachment bias, indéens with NP-only verbs were included in the
pendent of the bias of the embedding verb (Nxperiment in order to provide a baseline meas
bias vs S-bias), and hence independent of thee of the difficulty of the high attachment, and
initial attachment of the ambiguous NP. On thi order to ensure that the use of pronouns a
other hand, if RALR is responsible for the highearly disambiguators did not introduce spurious
attachment bias, then the effect should be hightlifferences independent of ambiguity. Second
sensitive to the initial attachment of the ambigithe unambiguous conditions were more closely
ous NP. Experiment 2 was designed to addresgtched across high-attachment and low-at
each of these issues. tachment conditions than in Experiment 1—an
accusative pronoun was used in the high unan
EXPERIMENT 2 biguous condition, and a nominative pronoun in
This experiment was designed to replicatdhe low unambiguous condition. Third, in order
and extend the results of Experiment 1, and to avoid any confounds due to the lack of an an
address the alternative accounts of the resutecedent for the pronouns, all items were em:
found there. The basic structures tested were thedded as the right-branching complement of :
same as in Experiment 1, but a number dfigher clause which provided an antecedent fo
changes were made in order to address issiles pronouns in the unambiguous conditions
arising from the first experiment. In this experiThe antecedent for the disambiguating pronour
ment we used a wider range of verb classes, \wethe unambiguous conditions corresponded tc
more closely matched the high and low unanthe ambiguous NP in the ambiguous conditions
biguous conditions, and we ensured that all pr¢e.g.,the funny main example (8) below). The
nouns had an antecedent in the existing diadditional clause made the experimental item:s
course. slightly longer, but more natural. The highest
clause always contained a verb which unam
biguously selects a finite sentential complement
Sixty-four undergraduate students from th&ourth, due to the large numbers of stimuli in-
University of Delaware, none of whom partici-volved, only 20 sets of items were tested for

Participants
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each verb class. A sample set of stimuli for this Results
experiment is shown in (8). Note that there were Analysis procedures were identical to Experi-

no low-attachment conditions for the items "Fnent 1, except that the verb class factor in-
the NP-only conditions, since these would bgged two additional levels in this experiment,
ungrammatical. S-bias and NP-only. Since the NP-only condi-
a. low ambiguous tions were always unambiguous, even in the ab
sence of unambiguously case-marked pronoun:

The talent agencghinks that the creative woman who  thase conditions are not included in the analyse
knowsthe funny mamrote some comedy sketches- unless specifically noted

selfabout the amusing escapades wants to publish them.

. Comprehension Accuracy
b. low unambiguous

_ _ Table 2 shows mean comprehension accurac!
The funny marthinks that the creative woman who scores for Experiment 2. The overall accuracy

knowshewrote some comedy sketchigisnselfabout level in this experiment was 80%. The slightly
the amusing escapades wants to publish them. lower accuracy level in this experiment can be
¢. high ambiguous (8) attributed both to the increased length of the tes

_ _ sentences and to the fact that all comprehensiol
The talent agencthinks that the creative woman who questions specifically tested the ambiguity.
knows the funny marwrote some comedy sketches Overall comprehension accuracy was very sim-
herselfabout the amusing escapades she had seen. ilar for high-span (80.2%) and low-span readers
d. high unambiguous (79.6%), and there were no main effects or in-
teraction involving span group. There was a
The funny marthinks that the creative woman who main effect of ambiguity on comprehension ac-
knowshimwrote some comedy sketchearselfabout curacy, due to higher accuracy scores on the un
the amusing escapades she had seen. ambiguous conditions (FL,54) = 15.62, p <
.0001; F,(1,57) = 16.42,p < .0001). There
) ) ) was also a significant attachment site verb
_ The procedure was identical to that in Expefs s interactionf,(2,54) = 12.21,p < .0001;
iment 1, except Where _note_d here. _Due to tr|§2(2’57): 12.41,p < .0001). This interaction
large number of trials in this experiment, thg g que to the tendency for comprehension ac
self-paced reading task was divided into e 50y to increase as S-bias increased in the loy
blocks of _trlals each containing 100 sentencegiachment conditions, and for comprehensior
(35 experimental sentences, 36 sentences i racy to decrease as S-bias increased in tr

unrelated experiments, 29 fillers). The length gfig_attachment conditions. This pattern of dif-
the filler sentences was matched to the length ulty parallels the patterns of difficulty seen

the experimental sentences. The order of theow in the analysis of reading times.
blocks was counterbalanced. In this experiment,

all of the comprehension questions involved the
ambiguity—the question could only be an-

Procedure

swered correctly if the ambiguity had been ap- TABLE 2

propriately resolved. Comprehension Accuracy, Experiment 2

Reading Span Task Ambiguous Unambiguous
All participants took part in a reading sparkoW Strong NP-bias 1% 83%

K in E . t 1. The mean reading s Low, weak NP-bias 74% 7%
task, as in Experiment 1. : 9 SPALY, s-bias 78% 850
score was 2.21 (s.& 0.84). Twenty-nine par- High, NP-only 91% 86%
ticipants who scored 2.4 or higher were clasgigh, strong NP-bias 82% 87%
fied as high-span readers; the remaining 27 pafdh weak NP-bias 79% 84%

High, S-bias 71% 75%

ticipants were classified as low-span readers.
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Self-Paced Reading differences at the NP in region 3 are of less di
As in Experiment 1, all times reported her ect concern here, since there was a substanti

are residual reading times for trials in which thiendth difference between the ambiguous condi

comprehension question was answered cdfons: in which the NP was three words long,
rectly. Three trials 0.01%) were removed be-2nd the unambiguous conditions, in which the
cause of residual reading times greater thA{f’ Was & pronoun. As in Experiment 1, we will
8000 ms. Residual reading times greater tharP#!y mention span-group differences where sta
standard deviations from the mean werkstically justified. In all other cases, the results
trimmed to 4 s.d. (1194 ms); this affected les¥ill be for all subjects.
than 1% of words. Item (44) was removed from NP-only verbs Residual reading times in
the analysis due to a missing region, with thgonditions with NP-only verbs are shown in Fig.
consequence that only 19 weakly NP-biase#l Very few differences between “ambiguous”
items were analyzed, compared to 20 for othéhd “unambiguous” NP-only conditions were
verb classes. As in Experiment 1, for ease of eRbserved. There were main effects of ambiguity
position we report reading times at the disan@t region 6 £1(1,54) = 4.91, MSe= 227988,
biguating region (regions 8 and following) beP < .05; F(1,9) = 5.00, MSe= 239375,p <
fore discussing reading times in the ambiguou@5) and at regions 10-1%,(1,54) = 7.15,
region (regions 3-7). Region numberingSe = 186538,p < .01;F5(1,9) = 7.08, MSe
matches the numbering used in Experiment £ 198192,p < 0.01). At region 6 the “ambigu-
Because the complementiziatwas no longer ous” conditions were read more quickly, and at
used as a disambiguator, there was no regiorfegions 10-12 the “unambiguous” conditions
in this experiment. Raw reading times are revere read more quickly. Since there were nc
ported in Appendix A. differences between “ambiguous” and “unam-
The ANOVA revealed significant interactionsbiguous” NP-only conditions immediately fol-
involving verb class and attachment site, in botlewing the disambiguation (regions 8-9) or im-
the ambiguous regions and following the disammediately following the onset of the ambiguous
biguation point. At the word immediately fol-region (regions 4-5), we conclude that the use
lowing the ambiguous verb (region 5) there wasf pronouns as early disambiguators did not in-
an ambiguityX verb class interactiorF((2,54) troduce spurious differences in this experiment.
= 4.95, MSe= 265482,p < .01; F,(2,56) = Strongly NP-biased verbdDisambiguation
5.24, MSe= 279262, < .01) and an ambigu- Residual reading times in conditions with
ity X attachment site< verb class interaction strongly NP-biased verbs are shown in Fig. 3.
(F1(2,54) = 4.36, MSe= 233794,p < .05; At the word immediately following the disam-
F,(2,56) = 4.97, MSe= 265307,p < .01). At biguating reflexive (region 9) there was a main
the word immediately following the disam-effect of ambiguity £,(1,54) = 11.94, MSe=
biguating reflexive (region 9) there was an ab67068,p < 001; F,(1,19) = 10.15, MSe=
tachment sitex verb class interactiofr((2,54)= 504212,p < .01), a main effect of attachment
7.80, MSe= 430588,p < .001; F,(2,56) = site (F(1,54) = 15.96, MSe= 757975,p <
8.64, MSe= 487289 p < .001) and an ambigu- .0001;F,(1,19)= 15.951, MSe= 792529p <
ity X attachment site< verb class interaction .0001), and an ambiguitx attachment site in-
(F1(2,54) = 4.18, MSe= 230867,p < .05; teraction F1(1,54)= 8.88, MSe= 421673p <
F,(2,56) = 3.25, MSe= 183256,p < .05). .01;F5(1,19)= 7.25, MSe= 360176,p < .01).
Based on this evidence that the verb class midewever, pairwise comparisons showed tha
nipulation modulates the effects of ambiguitythe main effects are misleading, and that the
and attachment site, all further analyses wep@st of ambiguity was restricted to the low-at-
conducted separately for each verb class. Ttachment conditions (high-attachment, fadl <
analyses focus on the regions following the dig; low-attachmentfF,(1,54) = 14.25, MSe=
ambiguation point (regions 8-12), and on th879135,p < .001; F»(1,19) = 12.27, MSe=
ambiguous regions (regions 4—7). Reading tin&19816,p < .001). This pattern of results sug-
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FIG. 2. Residual reading times for NP-only conditions in Experiment 2 (The homeless people think that the
brilliant woman who supported the impoverished mayy called, / thes / largeg / charity / herselfg / afterg /
the o/ fund 4/ drive 1,/ to see if he had applied for aigl).

gests that readers commit to the high attachmesiiowed a significant cost of ambiguity in both
before reaching the disambiguating reflexivehigh-attachment and low-attachment condi-
leading to significant slowdown when the retions, whereas in this experiment there was nc
flexive disambiguates toward the low-attachevidence of difficulty at the disambiguation in

ment parse. For high-span readers this is thRe high ambiguous condition.

same pattern observed in Experiment 1. For Ambiguous regiornAt the ambiguous NP and

low-span readers this pattern differs from Exthe two following words (regions 3-5) main ef-
periment 1: in Experiment 1 low-span readerfects of ambiguity were observed, due to slowel
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FIG. 3. Residual reading times for strongly NP-biased verbs in Experiment 2 (The faculty members were
grateful that the generous benefactor whderstood, / the persuasive woman' bought, / thes / powerfulg /
telescope; / herself g / for ¢ / the ; / small ;; / college ;, / promised ;3 / to fund a new
observatory, /).
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reading times for theinambiguous conditions where the low unambiguous conditions were
(region 3,F((1,54) = 25.51, MSe= 1245280, read faster than all other conditions throughour
p < .0001;F,(1,19)= 27.83, MSe= 1336473, the ambiguous region (see Fig. 1). The greate
p < .0001; region 4F(1,54) = 4.47, MSe=  similarity between the two unambiguous condi-
334924,p < .05; F5(1,19) = 4.57, MSe = tions in this experiment may reflect the fact that
351057,p < .05; region 5,F,(1,54) = 5.91, the conditions were more closely matched.
MSe = 356067,p < .05; F»(1,19) = 6.60, At the ambiguous verb (region 4) there
MSe = 404011 p < .05). was an ambiguityX span-group interaction
At the ambiguous NP (region 3) there waf~(1,54) = 11.41, MSe= 854597,p < .001,;
also an ambiguity< attachment site interactionF,(1,19)= 1.19, MSe= 781983,p < .01), due
(F1(1,54) = 4.87, MSe= 237853,p < .05; to the fact that the cost of ambiguity was greate
F2(1,19)= 4.18, MSe= 201106, < .05). This among low-span readers. Pairwise comparison
interaction was due to a greater slowdown faevealed that the effect of ambiguity in this re-
the nominative pronoun in the low unambigugion was significant for low-span readers
ous condition than for the accusative pronoun {{r,(1,26)= 11.80, MSe= 1109050p < 0.001;
the high unambiguous condition, although paif-,(1,19) = 11.18, MSe= 1079270,p < .001,;
wise comparisons revealed that the slowdowambig.,—14 ms; unambig., 46 ms), but not for
was significant for both high- and low-attachhigh-span readers (afls < 1; ambig., 32 ms;
ment conditions (high-attachmer#;(1,54) = unambig., 9 ms). The interaction with span-
3.66, MSe= 161920,p = .055; F5(1,19) = group was not significant at any other region.
5.02, MSe= 218523 p < .05; low-attachment, ~Weakly NP-biased verbdisambiguation
F.(1,54)= 19.76, MSe= 1067996 p = .0001; Results for weakly NP-biased verbs are showr
F2(1,19)= 24.08, MSe= 1275771p < .0001). in Fig. 4. At the disambiguating reflexive (re-
The greater slowdown at the low unambiguougion 8) and the following words (regions 9-12)
attachment condition may reflect the fact that there was a significant ambiguity attachment
nominative pronoun is unexpected following aite interaction, due to a cost of ambiguity in the
strongly NP-biased verb. The ambiguity at- low ambiguous condition, but not in the high
tachment site interaction did not reach signifambiguous condition (region &q(1,54) =
cance at regions 4-5 (&k < 1). Note that this 4.03, MSe= 249324 p < .05;F,(1,18)= 4.42,
pattern of results contrasts with Experiment MSe = 279302,p < .05; region 9F4(1,54) =
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FIG. 4. Residual reading times for weakly NP-biased verbs in Experiment 2 (The talent agency thinks that

the creative woman who knowg the funnymans / wrote, / somes / comedys / sketches / himselfg / aboutg /
the o/ amusing;; / escapades / thinks,5/ he should publish them /).
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4.29, MSe= 247247 p < .05;F,(1,18)= 6.30, tions were significant or marginally significant.
MSe = 358144,p < .05; regions 10-12: At region 6 the only significant effect was the
Fi(1,54) = 3.31, MSe= 106276,p < .07; ambiguity X attachment site< span group in-
F,(1,18)= 3.86, MSe= 131936,p < .05). The teraction F,(1,54)= 4.26, MSe= 216490p <
main effect of attachment site was also signifio5; F,(1,18)= 3.92, MSe= 200702 p < .05).
cant, beginning at the word following the reflex- S-biased verbsDisambiguation Results for
ive, and was due to slower reading times for lowonditions with S-biased verbs are shown in
conditions (region 9F;(1,54) = 8.97, MSe= Fig. 5. Results with this verb class differed strik-
516875,p < .01; F»(1,18) = 9.37, MSe = ingly from the results with other verb classes. In
532526,p < .01; regions 10-12F,(1,54) = particular, there was a substantial change ir
10.81, MSe= 348488,p = .001; F,(1,18) = which conditions caused the greatest difficulty
8.10, MSe= 276794 ,p < .01). No interactions at the disambiguating regions.
involving reading span group were significant at At the disambiguating reflexive and the fol-
any of these regions. At these regions, the rwing word (regions 8-9) there were signifi-
sults for weakly NP-biased verbs were similar toant or marginally significant main effects of
those for strongly NP-biased verbs. The onlgmbiguity (region 8F;(1,54) = 3.49, MSe=
significant costs of ambiguity were observed i249918,p < .07; F(1,19) = 3.46, MSe =
the low-attachment conditions, indicating tha53565,p < .07; region 9,F;(1,54) = 9.14,
the ambiguous verb was consistently given MSe= 556718p < .01;F,(1,19)= 8.37, MSe
high-attachment analysis. Nevertheless, the 528453 < .01). At region 8 there was also
magnitude of the slowdown in the low-attacha marginally significant main effect of attach-
ment conditions was somewhat smaller with thaent site F1(1,54)= 3.11, MSe= 222662p <
weakly NP-biased verbs than with the strongly08; F»(1,19)= 2.75, MSe= 201270, < .10).
NP-biased verbs. The ambiguityX attachment site interaction
Ambiguous regionThere was a main effect ofdid not reach significance at either of these re
ambiguity at the ambiguous NP (region 3), dugions (allFs < 1). However, at both region 8
to slower reading times for the unambiguousand region 9 there were marginally significant
conditions F,(1,54)= 7.79, MSe= 316463,p interactions with reading span group (ambiguity
< .01; F,(1,18) = 8.80, MSe= 363749,p < X span, region 8F;(1,54) = 2.93, MSe=
.01). At regions 4-5 no main effects or interac209725,p < .09; F,(1,19) = 3.02, MSe =
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FIG. 5. Residual reading times for S-biased verbs in Experiment 2 (The family said that the aging uncle who

claimed, / the teenage gigl/ purchased/ thes/ newg/ car, / herselfy/ aty/ the o/ car,, / dealership,/ denied
13/ that he had anything to do with the purchasg
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221071p < .09; ambiguityx attachment sitex tions (region 9,F(1,26) = 2.98, MSe =
span, region 8 4(1,54) = 3.72, MSe= 266697, 187950,p < .09; F,(1,19) = 3.25, MSe=

p < .06;F,(1,19)= 2.66, MSe= 194738p = 203705,p < .08; ambig., 70 ms; unambig., 4
.10; ambiguityX attachment sitex span, region ms). These results suggest that whereas higl
9, F1(1,54) = 1.96, MSe= 119471,p = .16; span readers consistently adopt a low attach
F,(1,19)= 3.46, MSe= 218130p < .07). These ment for the ambiguous verb, low-span reader:
interactions led us to examine the results sepadopt a mix of high and low attachments.

rately for each reading span group. Ambiguous regionAt the ambiguous verb in
At region 9 high-span readers showed signifregion 4 and at the following word (region 5),
cant main effects of ambiguityF{(1,28) = there was a significant ambiguity attachment

5.94, MSe= 313812p < .05;F»(1,19)= 5.45, site interaction (region 45,(1,54)= 4.84, MSe
MSe = 297727,p < .05) and attachment site= 357346,p < .05; F5(1,19) = 4.81, MSe=
(F1(1,28) = 4.41, MSe= 232766,p < .05; 351480,p < .05; region 5,F;(1,54) = 20.29,
F»(1,19)= 5.68, MSe= 309987 p < .05), and MSe = 1129924p < .0001;F5(1,19)= 22.28,
the ambiguityX attachment site interaction wasMSe = 1228903,p < .0001), and at region 5
significant in the item analysis and marginallyhere were also significant main effects of ambi-
significant in the participant analysi,(1,28) guity and attachment site (ambiguity;(1,54)

= 3.46, MSe= 182733,p < .07;F,(1,19) = = 11.45, MSe= 637838,p < .001;F,(1,19)=
4.09, MSe= 223257,p < .05). However, the 12.63, MSe= 696474,p < .001; attachment
two main effects are misleading, since pairwisgite,F;(1,54) = 6.16, MSe= 342958,p < .05;
comparisons reveal that there was a significaR$(1,19)= 6.68, MSe= 368616p < .01). Pair-
cost of ambiguity in the high-attachment condiwise comparisons revealed that at both regions
tions only F,(1,28) = 5.47, MSe= 426260,p0 and 5 the high unambiguous condition was reac
< .05; F5(1,19) = 7.33, MSe= 534523, p< more slowly than the high ambiguous condition
.01; ambig., 121 ms; unambig., 30 ms), and negion 4,F,(1,54)= 5.74, MSe= 418207 p <
corresponding effect in the low-attachment con5; F»(1,19) = 4.65, MSe= 355061,p < .05;
ditions (allFs < 1; ambig., 28 ms; unambig., 16region 5,F;(1,54) = 22.24, MSe= 1486158,
ms). This is the opposite of the pattern observgad< .0001;F,(1,19)= 25.803, MSe= 1731943,
above with strongly and weakly NP-biaseg < .0001), with no corresponding slowdown in
verbs, and it indicates that the high-span readdhs low-attachment conditions (&b < 1).

were consistently adopting the low-attachment
analysis for the ambiguous verb.

In contrast to the high-span readers, low- We will first discuss those findings which
span readers showed clear evidence of diffivere consistent across reading-span groups b
culty in both high and low ambiguous condifore considering differences between the two
tions. There was a main effect of ambiguitgroups. This experiment replicated the main re:
(marginally significant at region %,(1,26)= sult of Experiment 1, but it showed important
3.63, MSe= 252532,p < .06; F,(1,19) = Vvariation due to the verb class manipulation,
2.58, MSe= 184748,p < .11; significant at which was not seen in Experiment 1 due to the
thep < .01 level when regions 8-9 were comimited range of verb classes tested.
bined) and no main effect of attachment site or As in Experiment 1, this experiment showed
interaction of ambiguity and attachment sitéhat the ambiguous verb was consistently given
(all Fs < 1). Pairwise comparisons showed a high-attachment analysis when it followed
significant cost of ambiguity in the high-at-strongly NP-biased or weakly NP-biased em-
tachment conditions (regions 8-B,(1,26) = bedding verbs. This again supports the notion
4.17, MSe = 395846,p < .05; F,(1,19) = that existing commitments constrain the parser’s
4.05, MSe= 372347, p< .05; ambig., 72 ms; search for analyses of incoming material.
unambig., 30 ms) and a marginally significanfFurthermore, the current experiment showeo
cost of ambiguity in the low-attachment condithat the high attachments are not due to any spe

Discussion
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cial status of the main clause subject-verthe pronoun conditions were often read more
dependency, which was one concern about Eslowly than their ambiguous counterparts, anc
periment 1. In Experiment 2 the additional levethere was considerable variability in this across
of embedding had the effect that neither poternverb classes. We discuss this variability below
tial attachment site involved a main clausén the context of differences between reading-
dependency. span groups.

By extending the range of embedding verb Turning now to differences between read-
classes used in this experiment we were ableit@-span groups, it was again true in this ex-
see clear effects of verb class on the parse agriment that high-span readers showed a sinr
signed to the ambiguous verb. In conditionpler pattern of results. Whereas high-spar
with S-biased verbs, both reading-span groupsaders consistently analyzed the ambiguou
showed a tendency to analyze the ambiguousrb in a manner compatible with the proba-
verb as an embedded verb. (Low-span readdsidistic bias of the embedding verb, low-span
did not choose this analysis exclusively—weeaders were more variable. In particular, in the
discuss this further below.) This clear effect 0B-bias conditions, low-span readers appear t
verb class is not surprising if we assume thatve made a combination of both high and low
NPs following S-biased verbs are initially anaattachments of the ambiguous verb, wherea
lyzed as embedded subjects (i.e., not “minhigh-span readers appear to have consistentl
mally attached”), as has been argued in a nummade low attachments. This difference be-
ber of other studies (Garnsey et al.,, 199Tween span groups is again compatible with the
Juliano & Tanenhaus, 1994; Tabor, Juliano, &otion that low-span readers may be less sens
Tanenhaus, 1997; Trueswell et al., 1993). If thi&ve to probabilistic verb biases (cf. Pearlmut-
ambiguous NP is initially analyzed as an enter & MacDonald, 1995).
bedded subject, then there is every reason forHowever, it is important to point out that low-
the parser to analyze the ambiguous verb as Ispan readers did not show clear evidence
longing to the same clause, since high attachariability with the other verb classes. With
ment of the ambiguous verb would require restrongly and weakly NP-biased verbs there wa:
analysis. This verb class effect is predicted hgisruption following the disambiguation only in
RALR, but it is not predicted by an accounthe low-attachment conditions, suggesting that
which attributes the results of Experiment 1 to the ambiguous verb was consistently given the
bias to avoid long subjects or to avoid embedigh-attachment analysis. We did not find evi-
ding. Such constraints would lead to an acrosdence of disruption in high ambiguous condi-
the-board high-attachment bias. tions, in contrast to Experiment 1.

An important concern about Experiment 1 Turning to the ambiguous regions, starting at
was the difference between the disambiguatidhe ambiguous NP in region 3, we again find dif-
used in high- and low-attachment control condferences between reading-span groups in the e
tions. Two steps were taken in this experimeifécts of the verb class manipulation. Figure 6
to address this concern: first, the two contrahows the slowdown at regions 3-5 in the pro.
conditions were more closely matched, by usingoun (unambiguous) conditions, relative to their
a case-marked pronoun in both high and low uambiguous counterparts. The effect of ver
ambiguous control conditions; second, an addielass on the high-span readers is striking—the
tional opening clause provided an antecedemhambiguous conditions are read more slowly
for the pronouns. These changes appear to hdlkie more they conflict with the verb bias, lead-
been effective, since there was no across-thieg to opposite trends for high- and low-attach-
board difficulty associated with the pronouns iment conditions. For the low-span readers, or
Experiment 2. This is seen most clearly in th#he other hand, the trends for high- and low-at-
NP-only conditions, which provide a baselingachment conditions are much more similar to
measure of the difficulty of the high-attachmentne another, again suggesting a much weake
conditions, independent of ambiguity. Howeveffect of verb bias.
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FIG. 6. Slowdown in unambiguous (pronoun) conditions at regions 3-5, relative to their ambiguous
counterparts, Experiment 2.

GENERAL DISCUSSION ing of the ambiguous NP. If the ambiguous NP
was parsed as a direct object, then RALR pre
dicts a high attachment of the ambiguous verb
In both experiments we found support for thé the ambiguous NP was parsed as an embec
claim that existing parsing commitments conded clause subject, then RALR predicts a low
strain the search for analyses of subsequent attachment for the ambiguous verb.
coming material. This confirms the existence of The costs of ambiguity at the disambiguation
a Reanalysis As a Last Resgrtinciple, or an point for each verb class and each reading-spa
activation-based analog of this principle such agoup in the two experiments are summarized ir
Vosse and Kempen’s lateral inhibition mechatable 3.
nism (Vosse & Kempen, 1999). Across the two experiments, there are five
Experiment 2 showed that the parsing of thdifferent ambiguous verb-class conditions (two
temporarily ambiguous structure was substam Experiment 1; three in Experiment 2). For all
tially affected by the probabilistic bias of thefive of these verb-class conditions, high-spar
embedding verb. However, this finding is enreaders show disruption due to ambiguityein
tirely compatible with RALR, if we assume thather the high-attachmenrdr the low-attachment
the verb bias had immediate effects on the paimnditions, but never in both. In each instance

Comparison of Experiments

TABLE 3

Summary of Cost of Ambiguity (Ambiguous Minus Unambiguous Residual Reading Times)
at Region 9 in Experiments 1 and 2

High-span readers Low-span readers
High-attachment Low-attachment High-attachment Low-attachment
Exp. 1 Exp. 2 Exp. 1 Exp. 2 Exp. 1 Exp. 2 Exp. 1 Exp. 2
NP-only 16 —22
Strong NP-bias 2 22 107* 65* 49* -13 168* 110*
Weak NP-bias 0 —44x 97* 53#9-10 63* -17 102* 55489

S-bias 92* 13 42%° 66**
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the verb bias straightforwardly predicts which An interesting proposal made in the context
attachment site will cause difficulty. On theof D(escription)-theory (Marcus et al., 1983) is
other hand, in three of the five verb-class condihat the reanalysis in (1) is not really a reanaly-
tions, low-span readers show disruption due &is at all, since the change at the underlined ver
ambiguity inboth high-attachmenand low-at- in (1) only requires monotonic addition of new
tachment conditions. This difference betweedominance relations. This approach elegantly
the span-groups can be explained under the gsedicts that the change in (1) is easy, because
sumption that low-span readers are less sendbes not involve reanalysis. However, if this is
tive to probabilistic verb biases, although thithe correct analysis of (1), then the low attach:-
does not explain why low-span readers showedent in our test sentences, which requires th
a slowdown in the high ambiguous conditions isame change, should not involve reanalysis ei
Experiment 1 but did not show a parallel effeaher. But if the low attachment does not involve
with the NP-biased conditions in Experiment 2reanalysis, then it is unclear why readers shoul
Sturt et al. (2001) show results very similar teonsistently avoid it. For this reason, our results
those shown here. In particular, their results farast doubt on the D-theory claim that sentence
NP-biased sentences show the same preferetike (1) do not involve reanalysis.
for high attachments that we have shown. The )
also show that increasing the length of the mAlternative Accounts of the Results
trix subject has no effect on high attachments, Our account of the results consists of two
countering a possible objection that high attacltomponents. First, a parse is assigned to the an
ment might only hold within a certain proxim-biguous NP, either as a direct object or an em
ity. Likewise, our studies provide strong suppotbedded subject, according to the probabilistic
for the result that the easy reanalysis is not mallas of the embedding verb or any other con
in NP-biased contexts. To that we add evidenstraints that may be relevant at this point. Sec
involving a wider selection of verbs, whichond, once the ambiguous verb is encountered, |
demonstrate that when the parser’s initial conis attached in a manner that preserves the exis
mitments are reversed, its treatment of the armg structure. Under this interpretation, the re-
biguous verb is reversed. This finding supportults follow from independently motivated
the existence of an RALR constraint and prgaroperties of how noun phrases are parsed, plt
vides evidence that the results are not relateddogeneral architectural property of the parse
any bias toward making matrix attachments. that it respects existing commitments until
forced to do otherwise (i.eReanalysis As a
Relevance to Other Theoretical Assumptions Last Resoit

. ., Two alternative possibilities substitute the
There is a tendency for advocates of serlf’/ller eneral RALR constraint with more spe-
parsing models to assume RALR, and for advo- Y9 P

. cific constraints that either restrict the length of
cates of parallel parsing models to not assume

RALR. It is true that it is more straightforwardtsﬁabtjfﬁé Naprze?rrv\r/ieilsglll((:)tv\:he depth of embedding
to implement RALR in a serial model (cf. P '

. . A number of studies of language production
Schneider, 1999), but we cannot claim that Wave noted that subject NPs tend to be shorte

results provide evidence in favor of a serial aRhan NPs occurring later in a clause (e.g., Be
proach to parsing, as we have seen that there ALe 9 g

parallel models which incorporate RALR gel, 1932; Hawkins, 1994). Therefore, it

(Vosse & Kempen, 1999) and serial moolelmight be suggested that the parser is sensitive

: this distributional generalization and therefore
which do not (Fodor & Inoue, 1998). ims to complete subject NPs as soon as poss

However, our results are relevant to accoun S i . :
T : Ble. In our experimental materials, the high at-
of why reanalysis is so easy in sentences |Il§e

(1), repeated below achment of the ambiguous verb allows comple-
 fep ' tion of the subject NP, whereas the low
The woman knows the mawote... (1) attachment commits the parser to an even longe
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subject NP. A constraint which restricts th@eeds to be completed, and therefore the an
length of subjects can account fairly well for théiguous verb will be parsed as an embedde
results of Experiment 1. However, the avoidelause verb.
ance of long subjects should be an across-the-Notice also that the account based on satisfac
board effect, which applies regardless of thgon of grammatical dependencies not only
properties of the embedding verb. For this reaatches our account in empirical coverage—it is
son, the clear verb class differences which waso based on a theoretical claim very similar tc
observed in Experiment 2 pose a problem for dhe RALR account. Whereas RALR forces the
account based on subject length restrictiongarser to maintain existing structuredbmmit-
The parser may be sensitive to subject length meents the dependency-completion account
strictions, but this cannot be the sole explanatidorces the parser to honor existing structpral
of our results. In order to account for the effedictions Under both accounts, prior parsing deci-
of the verb-class manipulation, we must assuns#®ons impose strong constraints on the search fc
that revisions of existing structural commit-analyses for new material. With regard to struc-
ments carry some nontrivial cost. The RALRures like (3), the two accounts are very similar in
constraint is one instance of such a constraint.spirit and make almost identical predictions. The
Similarly, the results of Experiment 1 argwo accounts differ in regard to the parsing of
consistent with an account based on constrairgisnpler structures like (1). Under the RALR ac-
on the depth of embedding that the parser caount, lessons from the parsing of sentences lik
tolerate, but such a constraint does not explaf8) can be applied to the parsing of simple sen
the greater variability observed when additionaénces like (1), and they suggest that the parser ¢
verb classes were introduced in Experiment Bmpts to find an alternative attachment site fo
Again, we do not wish to claim that the avoidthe incoming verb before ultimately identifying
ance of embedding (or other kinds of syntactithe parse involving reanalysis. Under the depend
complexity) is irrelevant to parsing decisionsency-completion account, on the other hand, re
we simply claim that it cannot substitute for @ults about the parsing of (3) do not tell us muck
constraint on the avoidance of reanalysis. about how the parser goes about identifying the
A third alternative account is more promisingcorrect parse of sentences like (1).
In a number of principle-based parsers, parsing
decisions are driven by the need to complete CONCLUSION
grammatical dependencies involving thematic Incremental parsing involves repeated cycles
relations, case relations, and agreement relaf grammatical search leading to structural
tions (e.g., Abney, 1987, 1989; Crocker, 1996;ommitments. The two experiments reported
Gibson, 1991; Pritchett, 1988, 1992). In theskere investigated the extent to which the struc
frameworks, our results could be attributed to tral commitments made at one cycle of parsing
need to complete a subject-verb dependency fguide the grammatical search process at subs
an existing subject NP, for reasons of thematguent cycles. Most existing models of parsing
role assignment, case licensing, or both. If wake some stand on this issue, but there hav
assume that the ambiguous NP is parsed inbaen very few empirical tests of this. The results
manner consistent with the probabilistic bias aff our experiments indicate that the parser is
the embedding verb, then in conditions witlstrongly guided by its existing commitments in
NP-biased verbs, the only incomplete subjecsearching for analyses of new material. One
verb dependency involves the main clause suftraightforward way of implementing this is in
ject. This dependency can be completed lifie form of theReanalysis As a Last Resodn-
parsing the ambiguous verb as a main claustaint, but as we have emphasized, similar ef
verb. In conditions with S-biased verbs, whergects can be captured in other ways, in the forn
the ambiguous NP may have been parsed asddra lateral inhibition mechanism, or in the form
embedded clause subject, there is an additiormdl a commitment to satisfy existing structural
embedded subject-verb dependency whighredictions.
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The effects of verb-class and reading-span TABLE 5
group observed in our experiments confirm prézaw, Untrimmed Reading Times (ms/word), Experiment 2,
vious findings in the literature about the effects NP-only Verbs

of lexical item-specific information in parsing

. High attachment
and the variability of these effects across speak- 1oh aftachmen

ers. However, these effects interact with our Ambig. Unambig.
main findings in a very simple manner. They af1 486 460
fect the decisions that are made at one cycle &f 470 409
parsing, and thus they automatically affect thé* jgi igg
commitments that fche parser honors at subsg- 462 211
quent steps of parsing. 7 451 436
8 457 497
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APPENDIX A: RAW READING TIMES

1 465 468 457 451
3 427 438 427 472
TABLE 4 4 515 544 473 482
Raw, Untrimmed Reading Times (ms/word), Experiment 1 5 441 520 433 465
450 428 459 426
High attachment Low attachment 7 426 474 471 437
- - - - 8 470 497 511 468
Ambig. Unambig. Ambig. Unambig. ¢ 441 427 582 447
1 422 492 428 a4 10 375 382 383 395
2 — — — 428 1 382 394 414 396
3 448 434 444 119 12 399 419 433 421
4 495 583 528 439 13 — — 436 439
5 420 491 431 400 14 386 406 423 401
6 419 431 441 403
7 432 471 444 434
8 448 449 539 447
9 463 435 567 421 TABLE 7
10 389 362 458 386 Raw, Untrimmed Reading Times (ms/word), Experiment 2,
1 419 390 467 403 Weakly NP-Biased Verbs
12 443 425 470 428
13 - - 447 416 High attachment Low attachment
14 409 423 434 413 - - - .
Ambig. Unambig. Ambig. Unambig.
1 470 451 480 460
3 434 437 421 425
4 479 524 492 496
5 425 425 445 403
6 447 458 449 428
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TABLE 7—(Continued high unambiguous
High attachment Low attachment The smart fellow who mentionelder got a job for
Ambig. Unambig. Ambig. Unambig. himselfwith the powerful lobbyissoon thereafter
7 435 461 481 460 low ambiguous
8 480 468 562 461

The smart fellow who mentionetie senator’s wife

9 425 453 562 479 got a job forherselfwith the powerful lobbyisgot

10 375 380 436 401 some hush money

11 365 391 413 395

12 434 417 452 439 low unambiguous

13 — — 469 445 , )

14 305 401 421 423 The smart_fellow who me_ntlonehﬂat the senato_rs
wife got a job forherselfwith the powerful lobbyist
got some hush money

TABLE 8

) ) ) ) The embedding verbs in the strongly NP-biased clas:s
Raw, Untrimmed Readmg Times (ms/word), Experiment 2were discover acknowledgehear, appreciate warn, and
S-Biased Verbs understandand the weakly-biased verbs wérew doubt
mention fear, andnotice

High attachment Low attachment
Ambig.  Unambig.  Ambig.  Unambig.  \Weakly NP-Biased Conditions

1 475 461 481 482 1. The smart fellow who mentioned (that) {the sena-

3 437 470 459 460 tor's wife/her} got a job for {himself/herself} with the pow-

4 485 514 479 487 erful lobbyist {soon thereafter/got some hush money}.

5 399 554 437 435 2. The quiet woman who mentioned (that) {the violent

6 455 487 ar7 456 man/him} caused big trouble for {herself/nimself} with the

7 460 476 484 487 local police {by discussing the incident at all/was thought to

8 601 506 490 486 be an informant}.

9 558 458 490 454 3. The busy woman who mentioned (that) {her sick
10 400 399 390 383 son/him} picked up the prescription {herself/himself} from
11 403 402 407 398 the neighborhood pharmacy {after work/was accused of
12 400 423 407 420 neglect}.

13 — _ 452 455 4. The nervous man who mentioned (that) {the ac-
14 387 384 393 412

cused woman/her} cursed very loudly at {himself/herself}
before the important hearing {about the robbery/was askec

. about the robbery}.
APPENDIX B: EXPERIMENTAL 5. The attentive waitress who mentioned (that) {the

MATERIALS FOR EXPERIMENT 1 sick man/him} opened the bathroom door {herself/himself}
in a big hurry {so he could get in/sent someone to see if he
Each of the items in this list represents a full set of stinheeded help}.

uli from Experiment 1. The complementizéatwas used 6. The experienced monk who doubts (that) {the new
as a disambiguator in the low unambiguous condition, anflin/her} wrote in the ledger {himself/herself} about the
a case-marked pronounif/he) was used as a disam- membership increase {of the last five years/told the bishor
biguator in the high unambiguous condition. The first reabout the potential problem}.
flexive (himself/herselflisted in each example agrees with 7. The angry woman who doubts (that) {the lazy
the main clause subject and is the one used in the high-gfan/him} called the state police {herself/himself} at about
tachment conditions; the second reflexive listed was useftee o'clock {to report her suspicions/thinks his wife made
in the low-attachment conditions. The first completionhe call}.
listed was used in the high-attachment conditions; the sec- 8. The pig-headed girl who doubts (that) {the stupid
ond completion listed was used in the low-attachment coBoy/him} reported the transgressions {herself/himself} to

ditions. the principal {after school/thinks the class snitch was the
A full set of conditions from item number (1) can be seeBulprit}.

below, with regions that varied across conditions in italics. 9. The distrustful woman who doubts (that) {the
strange man/him} locked the front door {herself/himself}
after the big party {for the neighbors/asked who really
The smart fellow who mentionettie senator’s wife locked the door}.

got a job forhimselfwith the powerful lobbyissoon 10. The famous knight who doubts (that) {the lazy
thereafter girl/her} fed the hungry horses {himself/herself} before the

high ambiguous
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evening meal {of potatoes and roast beef/looked for fooStrongly NP-Biased Conditions

prints in the dirt}. . o
11. The handsome man who noticed (that) {the famous 25. The quiet man who hea.rd (that) {the terrified

. . ) oman/her} called the county police {himself/herself} at

actress/her} called the fashion maga;lne {hlmself/hersel round four o'clock {in the morning/in the morning was

after the galg fund@ser {for the charity/was surprised th?nocked at the lack of any response}.

woman's assistant didn’t call}. , ~ 26. The quiet girl who heard (that) {the mischievous
12. The nice man who noticed (that) {the sickyoy/him} opened the front door {herself/fhimself} despite

woman/him} opened the bathroom door {himself/herself}many strong warnings {that the boy shouldn't be allowed

despite the strong protestations {of the staff/ of the sta,fiﬁ/hoped he wouldn’t get in trouble}.

tried to reassure her}. 27. The intelligent man who heard (that) {the clumsy
13. The observant woman who noticed (that) {the misvoman/her} turned on the light {himself/herself} on the

treated man/him} informed the personnel department {hefront porch {so she wouldn't fall/decided to install an auto-

selffhimself} about the frightening incident {a few daysmatic light}.

after it happened/was pleased with the response}. 28. The caring woman who heard (that) {the depressec
14. The young mother who noticed (that) {the disablethan/her} called the mental hospital {herself/himself} about

man/him} warned the hospital staff {herself/himself} abouthe serious side-effects {he was experiencing/ was relieve

the broken wheelchair {as soon as she could/felt sorry f@f the news}.

him}. 29. The kind man who discovered (that) {the injured
15. The middle-aged man who knows (that) {the fawoman/her} called the emergency room {himself/herself}

mous woman/her} invited the political press {himself/ner{rom a nearby payphone {after the late-night accident/of-

self} to the news conference {about the big scandaliwas nf§€d to drive her to the hospital}.

pleased by her action). 30. The surprised woman who discovered (that) {the
16. The smart girl who knows (that) {the foolish drunk man/him} locked the front door {herself/himself}

boy/him} told the long story {herself/himself} during the \éwt:nthiﬁgare key {to keep him away/was amazed he couls

story hour {at the library/gained a new respect for him}. ven wak;. . .
17. The creative woman who knows (that) {the funn 31. The hungry man who discovered (that) {the starving

oman/her} stole the big roast {himself/herself} from the de-

man/him} Wrotg some comedy sketches {hersglf/ himse”};erted kitchen {of the restaurant/asked her to share some wit
about the amusing escapades {she had seen/thinks he shwf%

publish them}. 32. The angry woman who discovered (that) {the
18. The bilingual man who knows (that) {the well-trav-paqly-heaten man/him} protested to the authorities {her-
eled woman/her} translated the travel books {himself/helself/himself} about the rampant violence {for over an hour/
self} without any extra help {from a dictionary/was quitewas proud of his courage}.
impressed with the result}. 33. The fickle actress who understood (that) {the
19. The nosy guy who knows (that) {the depressestrange man/him} wrote the bizarre stories {herself/himself}
woman/her} told some hilarious jokes {himself/herself} atin just three days {despite being sick/wondered at the man':
the doctor’s office {in order to cheer her up/thinks she migHtrilliance}.
be faking her depression}. 34. The generous nobleman who understood (that) {the
20. The paranoid man who fears (that) {the deceptiveersuasive woman/her} bought the powerful telescope
woman/her} locks the barroom doors {himself/herself} aftethimself/herself} for the small college {in order to promote
the last call {every night/thinks he will be locked in}. science/promised to fund a new observatory}. o
21. The grumpy woman who fears (that) {the scruffy 35. The pious man who understood (that) {the religious
man/him} called the building management {herself/himWoman/her} financed the church restoration {himself/her-
self} after the late-night disturbance {in the stairwellitried tg°€!f} With the large inheritance {from a distant cousin/was
appease himy. impressed with her devotion}.

22. The anxious man who fears (that) {the deranged 36. The unhappy man who pnderstood (tha_lt) {the shy
; woman/her} reported the continuing problems {himself/her-
woman/her} wrote the accusatory statement {himself/her-_ "
) ) self} in an angry phone message {to the apartment man
self} at the police station {to get her arrested/expects the pgéer/visited the woman to settled the dispute}
lice to visit}. ) 37. The kind man who acknowledged (that) {the con-
23. The.sleepless Woman'who fears (that) {the r_"grgiderate woman/her} typed the generous contribution {him-
watchman/him} checks the window blinds {herself/him-ge|t/harself} into the charity database {after receiving the
self} during the late movie {every night/is planning to buy &nheck/showed appreciation for the help}.
dog}. _ _ 38. The magnanimous prince who acknowledged (that)
24. The inexperienced nanny who fears (that) {thgthe quiet woman/she} accepted all the blame {himself/her-
cranky handyman/him} fixed the squeaky door {herselfelf} for the many errors {of his subjects/pardoned her after
himself} with some cooking oil {so the man wouldn't havethe investigation}.
to come in the house/knows the door will need to be fixed 39. The grateful woman who acknowledged (that) {the

again soon}. maintenance man/him} answered all the questions {her-
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self/himself} about the serious incident {at the refinerygrammatical. Iltems 1-40 were used in one block of trials,

thanked him profusely}.

items 41-80 in a second block. The order of presentation o

40. The beloved duchess who acknowledged (that) {thtee two blocks was counterbalanced across subjects.

rich man/him} saved the well-known charity {herself/him-

A full set of stimuli from item (1) is shown below, with

self} despite the financial problems {following the scantegions that varied across conditions in italics.

dal/praised him at the banquet}.

41. The big policeman who warned (that) {the angry
saleswoman/her} ran down the street {himself/herself} after
the getaway car {following the robbery/hoped the other

high ambiguous

The congressional staffevgere not surprised that the
smart fellow who mentionetthe senator’s wiféeaked

cops wouldn'’t shoot her}.

42. The neighbor woman who warned (that) {the macho
boy/him} shot the rabid dog {herself/himself} with a large
shotgun {before going to work/thought she should call his par-
ents}.

43. The concerned priest who warned (that) {the med-
dling woman/her} opened all the mail {himself/herself} in
the church office {so she wouldn't read the letters/told the
worried parishioner to contact him by phone}.

44. The young widow who warned (that) {the little
boy/him} opened the locked cabinet {herself/himself} with
a small screwdriver {while he was outside/told the babysit-
ter to watch him closely}.

45. The health-conscious man who appreciates (that)
{the beautiful woman/her} takes good care of {himself/her-
self} throughout the entire year {by eating regularly and
walking everywhere/wants to ask her on a date}.

46. The ambitious boy who appreciates (that) {his
smart sister/her} does lots of homework {himself/herself}
after swim team practice {because he wants to get into a
good college/understands that she doesn't have time to helptnea verh classes contained the following: 6 strongly NP-

him}. ) biased verbs,hear, acknowledge appreciate discover

47. The good-natured landlady who appreciates (tha‘pam’ understand 4 weakly NP-biased verbknow men-
{the nice man/him} cleans the big house {herself/himself}ﬁon‘ doubt notice 3 S-complement biased verbigim, be-
be_for_e the day’s en(_i {solthe house will be clean for him/il?eve suspectand 19 verbs which only allow NP-comple-
thinking about lowering his rent}. ) ments, abuse admire adore annoy defy despise

48. The thoughtful woman who appreciates (that) {thﬁisappoint feed fire, harass humiliate love, overcharge
young man/him} pays all the utilities {herself/himself} be'pity, prosecute rescue supervise support treat Some
fore the due date {to keep the man happy/wants to keep ¥ akers judge theespiseadore andloveallow sentential
man as a roommate}. complements under certain circumstances. However, we
have found no informants that allow these verbs to appea
with thatless sentential complements, and therefore these
verbs are unambiguous in our experimental materials.

the important newsimselfto the powerful lobbyist
soon thereafter

high unambiguous

The senator’s wifevas not surprised that the smart
fellow who mentionedher leaked the important news
himselfto the powerful lobbyistoon thereafter

low ambiguous

The congressional staffevgere not surprised that the
smart fellow who mentionetthe senator’s wiféeaked
the important newserselfto the powerful lobbyist
got some hush money

low unambiguous

The senator’s wifevas not surprised that the smart
fellow who mentionegheleaked the important news
herselfto the powerful lobbyisgot some hush money

APPENDIX C: EXPERIMENTAL
MATERIALS FOR EXPERIMENT 2

The stimuli in Experiment 2 followed the same pattern aweakly NP-Biased Conditions (BIOCk A)

the stimuli in Experiment 1 except for the following 1. The congressional staffers were not surprised tha
changes: Four verb classes were used (NP-only, Stronghe smart fellow who mentioned {the senator's
NP-biased, Weakly NP-biased, S-biased); both high and lomife/her/she} leaked the important news {himself/herself}
unambiguous conditions used a case-marked pronoun a®ahe powerful lobbyist {soon thereafter/got some hush
disambiguator; all stimulus sentences were embeddetbney}.

within a clause whose subject provided an antecedent for the 2. The neighborhood gossips reported that the busy
disambiguating pronoun. The antecedent for the disamroman who mentioned {the sick boy/him/he} picked up the
biguating pronoun in the unambiguous conditions corregerescription {herself/himself} from the local pharmacy
sponded to the ambiguous NP in the ambiguous conditiofefter work/was accused of neglect}.

(e.g.,the senator’s wifén example (1) below). Many of the 3. The restaurant managers were glad that the atten
stimuli with strongly or weakly NP-biased verbs were basetive waitress who mentioned {the sick man/him/he} opened
on stimuli used in Experiment 1. In items with NP-onlythe bathroom door {herself/himself} in a big hurry {so he
verbs there were no low conditions, since these would be would get in/sent someone to see if he needed help}.
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4. The family friends stated that the angry womarhe generous contribution {himself/herself} into the charity
who doubts {the apathetic man/him/he} called the state poatabase {after receiving the check/mentioned her to the
lice {herself/himself} at about three o’clock {to report herboard members}.
suspicions/thinks the man’s son made the call}. 18. The corporate office was pleased that the gratefu

5. The curious children observed that the anxioumoman who acknowledged {the maintenance man/him/he}
woman who doubted {the strange man/him/he} locked thanswered all the questions {herself/himself} about the seri-
front door {herself/himself} after the big party {for the ous incident {at the refinery/thanked him profusely}.
neighbors/asked who really locked the door}. 19. The store managers thought that the big policemar

6. The editors proved that the handsome man who natho warned {the angry saleswoman/her/she} ran down the
ticed {the famous actress/her/she} called the fashion magstreet {himself/herself} after the getaway car {immediately
zine {himself/herself} after the gala fundraiser {for theafter the robbery/told the other cops not to shoot}.
charity/tried to interrupt the call}. 20. The nuns thought that the concerned priest wha

7. The witnesses discovered that the conscientiowgarned {the meddling woman/her/she} opened all the mail
woman who noticed {the mistreated man/him/he} informedhimself/herself} in the church office {so she wouldn’t read
the personnel department {herself/himself} about the frighthe letters/told the worried parishioner to contact him by
ening incident {a few days after it happened/had fired sephone}.
eral employees}.

8. The rowdy boys remarked that the thougthul ma_Bjased Conditions (Block A)
who noticed {the young girl/her/she} closed the fireplace )
doors {himself/herself} before the birthday party {at the 21. The truancy office knows that the concerned
mansion/congratulated her on her forethought. woman who suspecteq {the short boy/hlm/he} called the

9. The proud parents boasted that the smart girl wh@uth center {hersel_f/hlmself} after the recent fight {to re-
knows {the childish boy/him/he} told the long story {her- port what she knew/intends to talk to the boy’s parents}.

self/himself} during the story hour {at the library/gained a 22- The executive committee thinks that the perceptive
new respect for himj. woman who suspects {the friendly man/him/he} started the

10. The book publisher heard that the bilingual maRalicious rumor {herself/himself} during the civic meeting
who knows {the well-traveled woman/her/she} translatedPecause s‘he wanted to keep the man from getting
the travel books {himself/herself} without any extra helplected/didn’t tell anyone of her suspicions}.

{from a dictionary/was quite impressed with the result}. 23. Some classmates reported that the scheming gi
who suspects {the grumpy boy/him/he} ate the incriminat-

. . ing evidence {herself/himself} before the school meeting
Strongly NP-Biased Conditions (Block A) {so the boy couldn't get her in trouble/told the teacher about
11. The neighbors were surprised that the quiet mdrer suspicions}.
who heard {the terrified woman/her/she} called the county 24. The loan company learned that the depressed ma
police {himself/herself} at around four o’clock {in the who suspects {the devious woman/her/she} sold the engage
morning/in the morning didn’t say anything to anybody}. ment ring {himself/herself} at the pawn shop {for five-hun-
12. The family members believe that the intelligentred dollars/went to the pawn shop to look for the ring}.
man who heard {the handicapped woman/her/she} turned 25. The coaches are amused that the young boy who be
on the light {himself/herself} on the front porch {so thelieves {the neighbor girl/her/she} buys some peppermint
woman wouldn't fall/decided to install an automatic light}. gum {himself/herself} before every baseball game {because
13. The hospital staff was surprised that the kind mathe gum is supposed to bring the team good luck/hopes sh
who discovered {the injured woman/her/she} called thevill give him some gum}.
emergency room {himself/herself} from a nearby payphone 26. The dealership knows that the dark-haired woman
{after the late-night accident/offered to drive her to the hoswho believes {the knowledgeable salesman/him/he} wants
pital}. the blue car {herself/himself} despite the peeling paint {on
14. The vagrants stated that the hungry man who dithe car/the car is a good deal}.
covered {the starving woman/her/she} stole the big roast 27. The police stated that the charming woman who be-
{himself/herself} from the deserted kitchen {of the restaulieves {the dishonest man/him/he} bought the valuable arti-
rant/asked her to share some with him}. facts {herself/himself} from the disreputable store {at the
15. The movie studio was surprised that the fickle aecnan’s insistence/thinks the man deserves to be cheated}.
tress who understood {the strange man/him/he} wrote the 28. The agency staff was surprised that the excitec
bizarre stories {herself/himself} in just three days {despitevoman who claimed {the small boy/him/he} opened the
being sick/wanted to put on the stories}. front door {herself/himself} without any help {despite hold-
16. The church leaders thought that the pious man wiiag the boy with both hands/made such a big deal about it}.
understood {the religious woman/her/she} financed the church 29. The sales clerks couldn’'t believe that the kind
restoration {himself/herself} with the large inheritance {fromwoman who claimed {the errant boy/him/he} purchased the
a distant cousin/was impressed with her devotion}. expensive clothing {herself/himself} with a credit card {so
17. The institute employees believe that the kind mathat the store would not prosecute him for theft/doesn’t think
who acknowledged {the considerate woman/her/she} typetie boy’s father will believe her}.
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30. The dispatch office stated that the dismayed mother 45. The talkative servants suspected that the famou:
who claimed {the runaway boy/him/he} called the state pdknight who doubts {the lazy girl/him/he} fed the hungry
lice {herself/himself} from a pay phone {because the phonkorses {himself/herself} before the evening meal {of pota-
at home was broken/thinks the police should have gone tes and roast beef/looked for footprints in the dirt}.

the pay phone to pick the boy up}. 46. The anxious family appreciated that the nice man
- who noticed {the sick woman/her/she} opened the bathroom
NP-Only Conditions (Block A) door {himself/herself} despite the strong protestations {of

31. The homeless people think that the brilliant womathe staff/of the staff tried to reassure her}.
who supported {the impoverished man/him} called the large 47. The visitors said that the young mother who noticed
charity herself after the fund drive to see if he had applidéhe disabled man/him/he} warned the hospital staff {her-
for aid. selffhimself} about the broken wheelchair {as soon as she
32. The office supervisors know that the nice man wheeuld/put it in the corner}.
fired {the incompetent woman/her} wrote the critical evalu- 48. The persistent reporters remarked that the middle
ation himself during the long flight back to the home officedged man who knows {the famous woman/her/she} invited
33. The smuggling ring fears that the stern woman wH@€ political press {himself/herself} to the news conference
prosecuted {the violent man/him} called the immigratiorfabout the big scandal/was not pleased by her action}.
office herself after the deportation hearing to make sure that49. The talent agency thinks that the creative woman
he couldn't get back in. who knows {the funny man/him/he} wrote some comedy
34. The alert siblings remarked that the vengeful bogketches {herself/himself} about the amusing escapade:
who defied {the young woman/her} opened the large packshe had seen/wants to publish them}.
age himself on the kitchen table. 50. The office staff learned that the nosy guy who
35. The concerned relatives were glad that the valiafihows {the depressed woman/her/she} told some hilarious
woman who rescued {the injured man/him} battled the caiokes {himself/herself} at the doctor’s office {in order to
fire herself for over fifteen minutes until the firefighterscheer her up/thinks she might be hiding her depression}.
arrived.
36. The office staff said that the compassionate me@trongly NP-Biased Conditions (Block B)
who treated {the depressed woman/her} filed the insurance

forms himself with the insurance company the woman had. 51. The anxious friends were glad that the quiet girl

37. The many bystanders thought that the concerné\'cpO heard {the_ m'SCh'eVOU.S boy/him/he} opened .the front
oor {herself/himself} despite many strong warnings {to

woman who adores {the teenage boy/him} called the rescvéeave the door locked/doesn't plan to tell anyone}
squad herself on a cell phone in her purse. '

. . 52. The co-workers reported that the caring woman
38. The delivery staff said that the well-known M3 ho heard {the depressed man/him/he} called the menta

who annoyed {the qmck-_temper(_ed woman/her} sent the aﬁbspital {herself/himself} about the serious side-effects {he
cusatory letter himself with a polite note taped to the top. o .
was experiencing/was relieved to hear the news}.

89. The police officers claimed that the cruel man who 53. The freezing friends were upset that the surprisec

apused {t‘he penniless woman/her} locked the tr’uck dooroman who discovered {the drunk man/him/he} locked the
himself with the monstrous key so that she couldn’t get ou‘ﬁ./Ont door {herself/himself} with the spare key {to keep him
40. The children’s teachers thought that the sweet girl P Y P

who pitied {the poor boy/him} bought the new jacket hersel?way/tmk the key from hlm}.'
. h 54. The concerned relatives heard that the angry womal
as a birthday gift for the boy.

who discovered {the badly-beaten man/him/he} protested tc
. . the authorities {herself/himself} about the rampant violence
Weakly NP-Biased Conditions (BIOCk B) {for over an hour/was proud of the man’s courage}.

41. The private detectives think that the quiet woman 55. The faculty members were grateful that the gener-
who mentioned {the violent man/him/he} caused big troubleus benefactor who understood {the persuasive woman/hei
for {herself/himself} with the local police {by discussing she} bought the powerful telescope {himself/herself} for the
the incident at all/is a big gossip}. small college {in order to promote science/promised to fund

42. The court officials were amazed that the nervousnew observatory}.
man who mentioned {the accused woman/her/she} cursed 56. The irritated neighbors noted that the unhappy mar
very loudly at {himself/herself} before the important hearwho understood {the shy woman/her/she} reported the con:
ing {about the robbery/was asked about the robbery}. tinuing problems {himself/herself} in an angry phone mes-

43. The concerned parishioners heard that the expesiage {to the apartment manager/visited the woman to settl
enced monk who doubts {the new nun/her/she} wrote in th@e dispute}.
ledger {himself/herself} about the attendance increase {of the 57. The anxious family was delighted that the smart
last five years/told the bishop about the potential problem}. prince who acknowledged {the quiet woman/her/she} ac-

44. The nosy classmates assumed that the pig-headegted all the blame {himself/herself} for the judgement er-
girl who doubts {the stupid boy/him/he} reported the transrors {of his subjects/pardoned her after the investigation}.
gressions {herself/himself} to the principal {after school/ 58. The board members were gratified that the belovec
thinks the class snitch was the culprit}. duchess who acknowledged {the rich man/him/he} saved the
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popular charity {herself/himself} despite the financial prob{himself/herself} with a quick jerk {so no one would know

lems {following the scandal/praised him at the banquet}.  that {the girl/she} was not his/tried to take {the girl/her}
59. The teenage friends feared that the neighbor womé&om the hospital}.

who warned {the aggressive boy/him/he} shot the wild dog

{herself/himself} with the powerful rifle {before going to NP-Only Conditions (Block B)

workfwould call the boy's parents}. 71. The office workers remarked that the arrogant man

60. The visiting childreq thought that the young WidOVKNho humiliated {the sad woman/her} paid the large fee him-
who warned {the little boy/him/he} opened the locked cabi-

If with | check to show how rich h .
net {herself/himself} with a small screwdriver {while the ST WIth & personal check 1o SROW NOw 1el e was

. . ) 72. The family members heard that the intelligent
boy was outside/told the babysitter to watch him closely}. woman who loves {the good-looking man/him} called the

. . fancy restaurant herself for dinner reservations that evening
S-Biased Conditions (Block B) 73. The school classmates guessed that the smiling fa

61. The newspaper said that the scared man who s&%‘?r who Ipves {the prgcocious girl/her} boughF the expen-
pects {the irate woman/she/her} notified the police depariveé doll himself as a birthday present for the girl.
ment {himself/herself} after the recent burglary {at the 74. The hotel staff noticed that the thoughtful man who

neighborhood store where the woman works/hopes that fi@mires {the ambitious woman/her} opened the front door
woman will be arrested}. himself at the sea-side resort just in time for the woman tc

62. The supervisors realized that the astute man wifbter- _ _ _
suspected {the brilliant woman/she/her} made the amazing 7°- The sympathetic lawyers were disappointed that the
discovery {himself/herself} in the government lab {beforedevious woman who deceived {the stupid man/him}
the woman announced her results/thinks that she sho@med the large reward herself from the insurance com

have taken the credit}. pany after the trial. .
63. The police think that the ailing woman who sus- 76. The staff supervisors remarked that the cruel mar

pects {the ill-tempered boy/him/he} took the cash box {her?Who despises {the stupid woman/her} presented the impor

self/fhimself} from the unlocked cabinet {so that the boy@nt report himself at the afternoon meeting so he coulc

couldn’t steal ittold the department manager what stfl@im credit for it. _

thought had happened}. 77. The family members noticed that the grumpy
64. The foundation employees heard that the destituf¢®™an who harassed {the lazy man/him} stained the new

man who believes {the kind woman/her/she} visited th€oUch herself with a greasy hamburger just after the coucl

soup kitchen {himself/herself} after the severe storm {to gef/@s delivered. _ o
a good meal/asked about her health}. 78. The nursing staff said that the conscientious man

65. The court jesters joked that the beautiful princed¥o fed {the sick woman/her} answered the ringing phone
who believes {the dim-witted knight/him/he} contacts theimself in the hospital room since she was so sick. _
war committee {herself/himself} before every committee /9- The company president was glad that the sensibl
meeting {to try to get the knight promoted/should worryVoman who supervises {the industrious man/him} wrote the
more about someone else}. glowing recommendation herself for the prestigious position

66. The neighbors mentioned that the desperate mitft the man had applied for.

who believes {the cheerful woman/her/she} bought the new 80- The accounting office noticed that the underhandec
car {himself/iherself} at the car dealership {that {the™an who overcharged {the likable woman/her} wrote the crit-

woman/she} recommended/thinks she made a foolish gelga! invoice himself on the company letterhead late at night.
sion}.
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