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When a sentence such @ke model embraced the designer and the photographer laughedd, the noun
phrasethe photographeis temporarily ambiguous: It can be either one of the objectsnofraced NP-coor-
dination) or the subject of a new, conjoined sentence (S-coordination). It has been shown for a number of lan-
guages, including Dutch (the language used in this study), that readers prefer NP-coordination over S-coordi-
nation, at least in isolated sentences. In the present paper, it will be suggested that NP-coordination is preferred
because it is the simpler of the two options in terms of topic-structure; in NP-coordinations there is only one
topic, whereas S-coordinations contain two. Results from off-line (sentence completion) and online studies (a
self-paced reading and an eye tracking experiment) support this topic-structure explanation. The processing
difficulty associated with S-coordinated sentences disappeared when these sentences followed contexts favor
ing a two-topic continuation. This finding establishes topic-structure as an important factor in online sentence
processing. © 2001 Elsevier Science
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A considerable amount of research has bedrearer's mental model of the domain of dis-
dedicated to finding out how information fromcourse, then it is favored over one that does not’
extrasentential context can affect the syntactip. 331). To illustrate, when presented with a
processing of a subsequent sentence. In an inflsentence such as 1, readers will experience prc
ential article, Crain and Steedman (1985) drew @essing difficulty ato visit him again because
first sketch of how contextual information mightthey preferentially take thehatclause as a
be taken into account by the parser. For exancomplement, instead of as a relative clause (e.g.
ple, theirprinciple of referential successtipu- Altmann, Garnham, & Dennis, 1992; Crain &
lates that “if there is a reading that succeeds ifteedman, 1985).
referring to an entity already established in the  The psychologist told the woman that he was(1)

having trouble with to visit him again.
We would especially like to thank Laurie Stowe for . .
helpful comments on an earlier version of this paper. Th&Tain and Steedman suggested that this prefe
complete set of Dutch materials used in the experimen®nce arises because such a relative clause is ge
can be obtained in electronic form from http:/www.ideali-erally used to restrict a set of possible referent
brary.com. (e.g., in cases where there is more than on
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of a relative clause is rather unexpected, causidgficulty in S-coordinated sentences such as
the thatclause to be read as a complemeif2c). It has been argued that this conjoint-NP
clause instead. However, if the discourse copreference reflects the workings of a processo
text were to contain two (or more) equally plauthat chooses the simplest alternative in terms o
sible referents fothe woman the preference syntactic structure. For instance, in the frame-
would switch in favor of the relative clausework of garden-path/construal theory, a phrase-
reading. marker describing NP-coordination requires the
Although Crain and Steedman’s model isewest nodes and will hence be chosen by ap
often referred to as a “referential” theory, and plication of the minimal attachment strategy
fair number of studies have been conducted (Brazier, 1987b; Frazier & Clifton, 1996, 1997).
test the principle of referential success (e.g., Al@ther theories, such as the constraint-base
mann & Steedman, 1988; van Berkum, Browrmodels, would explain the NP-coordination
& Hagoort, 1999; Britt, 1994; Clifton & Fer- preference as the outcome of a constraint-satis
reira, 1989; Mitchell, Corley, & Garnham, 1992;faction process, in which different factors may
Murray & Liversedge, 1994; Ni, Crain, & provide different degrees of support for one or
Shankweiler, 1996; Rayner, Garrod, & Perfettithe other alternative (MacDonald, Pearlmutter,
1992; Spivey & Tanenhaus, 1998; Zagar, Pynt&, Seidenberg, 1994; Tanenhaus & Trueswell,
& Rativeau, 1997), the scope of their theont995). In the case of the NP versus S-coordina:
clearly goes beyond referential processing p&on ambiguity, the most likely candidate to
se. The principle of referential success is, iplay a role in this process is the frequency of
fact, merely a special case of thenciple of the different structures involving the connec-
parsimony in which it is stated that, in case oftive. In a corpus consisting of one edition of the
syntactic ambiguity, the alternative that requireButch daily newspapefrouw, 61% of all oc-
fewest accommodations will be chosen, with acurrences oén('and’) that were analyzed (&
commodations being changes to a model of tH4®6) were NP-coordinations, 16% were VP-
discourse. coordinations, and 10% S-coordinations. How-
In the present paper, a principle called thever, if we look atcontingentfrequencies, that
principle of minimal topic-structureill be pro- is, frequencies that take grammatical function
posed, that can be viewed as another instancemtb account, this picture changes quite radi-
the principle of parsimony. It will be argued thatally. Coordinated NPs functioning as gram-
this new principle is central to the resolution ofmatical objects occur only 6% of the time; S-
a certain kind of structural ambiguity, namelycoordinations with two different subjects make
the NP- versus S-coordination ambiguity. Thigp for a mere 7% of all cases, while VP-coordi-
ambiguity arises in structures such as (2a)ations are most frequent with 16%. So de-
wherethe photographecan be either part of the pending on the frequency measure used (i.e.
direct object ofembracedas in (2b) (NP-coor- coarse-grained or more fine-grained), con-
dination), or the subject of a conjoined sentencstraint-based models will predict either a strong

as in (2c) (S-coordination). NP-coordination preference or a preference for
The model embraced the designer and the ~(2a) VP-Coo_rd|r_1at|on, respectively. However, in t_hls
photographer. . . paper, it will be proposed that the NP-coordina-

tion preference is not primarily motivated by
syntactic simplicity or lexical frequency of
‘and’, but that it arises because readers choos
the alternative that is the least complex in terms
of its topic-structure.

Previous research (e.g., Frazier, 1987a) hasTopic-structure can be loosely defined as de-
shown that readers are initially inclined to in-scribing the relation between thepic of a sen-
terpret the ambiguous NP as part of a completence, i.e., the element referring to an entity
object, which causes them to incur processingbout which information is given, and the “new”

The model embraced [the designer and the (2b)
photographer] at the party.

[The model embraced the designer] and (2c)
[the photographer laughed].
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information that is expressed by a sentence, arformation: It only requires accommodating
commentThe most common topic-structure isone topic, about which information is then
the so-calledopic—commenstructure which is added. The identificational structure, on the
typical for the vast majority of sentences in disether hand, requires the accommodation of botl
course (see Lambrecht, 1994, p. 132, for discuthe topicanda certain set of other referents the
sion and references). This structure is charactegiven topic is contrasted with. Furthermore, we
ized by a subject serving as the topic, followedvould like to speculate that topic—comment
by the comment, a predicate which “containsstructure is also less complex than the present:
the new information about the subject, such as itonal structure, which is typically used to start a
The woman walked to the cawherethe woman whole new story or a separate subpart of the
is topic andwalked to the caiis the comment. main story (Lambrecht, 1994). It seems reason
Other topic-structures are thieentificational able to assume that processing new informatiol
structure, in which the “new” element is not theand creating a new (part of a) discourse mode
predicate but an argument (e.g., ‘It was theequire extra mental effort.

woman who walked to the car,’ where the infor- In conclusion, then, topic—comment structure
mation is presented that it walse womarand seems to be the most plausible default, minima
not, e.g.,the manwho walked to the car), and topic-structure. Consider, for example, the tem-
the presentationaktructure, in which the entire porarily ambiguous sentence (2c), repeated her
sentence consists of new information (e.g., ‘Aor convenience as (4).

woman walked to a car,’ where the whole event  The model embraced the designer and the  (4)

is presented as a piece of new information). photographer laughed.

What we would like to propose is that, in théor the writer of this sentence it is, of course,
course of reading, readers construct a topiebsolutely clear that the sentence contains tw
structure representation of the sentence at hatapics, the model and the photographer, whc
If a sentence appears discourse-initial or in iseach perform a distinct action. Readers, how:
lation, and if there are no explicit syntactic cuesver, do not have this information, and only
regarding what is topic and what is not, thevshen the last wordidughed is read will they
reader will assume some kind défault mini- know that this sentence is not a standarc
mal topic-structure. This hypothesis can be fotepic—comment sentence withe modelas its
mulated into the principle of minimal topic-(sole) topic. Instead, when they reach the disam
structure, as given in (3). biguating verblaughed they will find out that

Principle of minimal topic-structure: In the the photographer is not part of the comment a:
absence of explicit contextual or syntactic  (3)  they might have assumed but that it is a topic ir
cues regarding the topic-_structure ofa se_ntence, its own right, which means that they will have to
assume the simplest topic-structure possible. accommodatethe photographeras a second
The most likely candidate for this minimaltopic in the sentence. This led us to the follow-
topic—structure is the topic-comment structuréng hypothesis about the NP-coordination pref-
which is characteristic for most sentences in digrence in sentences such as (4): Readers do n
course (Lambrecht, 1994). This seems to bepaefer NP-coordination because of syntactic
plausible assumption, since it is surely morsimplicity, or because of the connectiaad
common for a sentence to convey informatiobeing used more often in NP-coordinations, but
about given discourse entities than for it to inthey disprefer S-coordination when this in-
troduce new entities into the discourse, or to reolves having to complicate the assumed
port events out of the blue (Lambrecht, 1994jopic—comment structure by having to accom-
More importantly, besides being the most fremodate the ambiguous NP as a second topic.
quently used topic-structure, topic—comment If this explanation is true, then it should in
structure can also be considered lgeest com- principle be possible to eliminate the processing
plextopic-structure in terms of the mental effortifficulty in ambiguous S-coordinated sentences
needed in accommodating new referents or néfvwe can devise contexts that change the ex
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pected topic-structure of such sentences. Cof®) ending with connective, article, and noun,

sider the question in (5). ‘The model embraced the designer and the pho
What did the model and the photographer do? (5}ogra_pher .. ./ See _Table 1 for an overview of

_ _ _ the different substudies.
This question establishes bakte modeandthe  |n the context conditions, “question-contexts”

photographeras discourse entities about whicksuch as (6a), as well as “sentence-contexts

something is going to be said: Both will be vergych as (6b) were used to bias toward S-coord
likely to become topics of the following senmated completions.

tence. Note that, initia_l!y, the reader could as- . party at the end of the fashion show was
sume that the two entitigegetherform a “du- very exciting. What did the model and the

plex topic,” meaning that both might be taken to  photographer do? (6a)
perform some action in concord. Indeed, a Very  \yhen they met the fashion designer at the
natural answer to the question in (5) would be party, the model and the photographer were
something like Theydrank a glass of cham- very enthusiastic. (6b)

pagne’. However, when a subsequent sentengg, iy of these contexts, the two intended topics
starts out with The model . ' (instead of with \yere presented as subject of the main clause. A
They. . ), this might inform the reader thaty, {he sentential contexts, since simply mention-
the actions of the entities involved will each bfng two discourse entities in a sentence does no
discussed in their own right (i.e., esntrastive gngre that these entities will serve as topic in the
topics; see Lambrecht, 1994). So by manipulaisyt sentence, the context sentences had to t
ing the _context |F should be possible t_o guide tr@early “presentational,” in the sense that they
reader in adopting a nondefault topic-structurg, o ,|q place the two intended topics into the cen-
for an S-coordinated sentence; a revision of thg, ot attention. According to Lambrecht (1994),
assumed topic-structure is no longer necessan cataphoric use of a pronoun, suchtEsyin
and hence no processing difficulty is expectedi,e hrenosed subclause, will have the effect of
We will present studies showing that contextgmphasizing the importance of the entities it
such as (5) are effective in changing the tOpiGaters 1o (i.e., the model and the photographer)
structure of an upcoming sentence (EXperimesf,cp, 5 cataphor construction belongs to the
1, gated completion) and that this change &,me class of presentational devices as, for ex
topic-structure can eliminate the processing dlgmme the well-known ‘Once upon a time . . .
ficulty observed in S-coordinated sentences [ gmprecht, 1994). Using the cataphor construc-
isolation (Experiment 2, self-paced reading, anghn, has the advantage of allowing for the intro-
Experiment 3, eye tracking). duction of a third important entitghe designer
EXPERIMENT 1 so that, when the context sentence has been rea
_ _ _ each referent in the following target-sentence
Experiment 1 consisted of five fragment comiill have been properly introduced. As we shall
pletion substudies. The first two substudiesee, sentence-contexts proved to be as effectiv

looked at the completion of sentence fragmentgs question-contexts in changing the expecte
in isolation, whereas the other three investigate@pic-structure of target-sentences.

fragment completion in contexts biasing toward

either NP-coordination or S-coordination. To in- Method

vestigate the strength of the NP-coordination Participants In total, 170 undergraduate stu-

bias at different points in the sentence, a gataedkents from the University of Nijmegen took

completion paradigm was used. Participantsart. None of the participants in this experiment,
were presented with three kinds of sentenaer in the other two experiments reported in this
fragments: (1) ending with the connective, as ipaper, had previously taken part in experiment:
‘The model embraced the designer and . . .; (Adpvolving coordinated structures. The number of
ending with the connective plus the article, ‘Theparticipants in each of the five completion sub-
model embraced the designer and the . . .; aitudies can be found in Table 1.
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TABLE 1

Features of the Five Completion Substudies of Experiment 1

Context type Substudy Fragment ending No. lists No. participants
No context la and. . . 1 16
1b and the . . . 2 26
and the photographer . . .
Context 1c and. . . 4 52
1d and the . . . 4 44
le and the photographer . . . 4 32

Materials In all substudies 16 experimentapreposed subclause followed by a main clause
sentence fragments were used, which were édie subclause always started with a connective
sentially the same for each substudy (i.e., excepthen, because, while, etc.) and contained &
for their cutoff point, see below). All materialsplural (cataphoric) pronoun, the NP that will be-
of this and subsequent experiments were oome the object NP in the target-sentence, ¢
Dutch. An example of an experimental fragmenterb, and sometimes some adverbial material
is given in 2.1 in Table 2. The slashes indicatthe main clause consisted of a verb-phrase
the three points where fragments ended. In tistarting with the main verb, followed by the NP-
context substudies, four contexts were comoordinated subject (i.e., referring to the two
structed for each sentence fragment. See Tablergities that are the intended topics of the target:
for examples. Each of these contexts was dgentence) and one to seven extra words. A sim
signed to promote either a “simplex” or a “duplex-topic sentence context contained the sam¢
plex” topic continuation. A simplex topic con-words, but in a different order, as shown in sen-
tinuation would be a continuation with just ongéence 2.2 in Table 2. Here, the intended topic of
topic (i.e., the referent that is already present the next sentencéhe modelis contained in the
the sentence fragmerihe modél Such a con- main clause, whereas the other two entities ar
tinuation may take the form of a VP-coordinapresent in the subclause. Question-contexts cor
tion, of which (7a) is an example, or an NP-cosisted of an introductory declarative sentence
ordination, as given in (7b). A duplex topicfollowed by a short question, in which either
continuation would contain two topics andne (simplex-topic condition; 2.3 in Table 2) or
would take the form of a sentence-coordinatiotwo (duplex-topic condition; 2.5 in Table 2) en-
with two topics, as in (7c¢) (literal translations irtities were mentioned.

apostrophes). In all substudies, 22 filler fragments of vary-
De mannequin omhelsde de ontwerper en ing syntactic structure were added to the experi
verliet het feest. (7ay Mmental fragments (e.gThe sultan banned the
‘The model embraced the designer and left rebel. . .). In the context substudies, all of the
the party. fillers were preceded by contexts, half of which
De mannequin omhelsde de ontwerper resembled a sentence context, while the othe
en de fotograaf op het feest. (7b)  half consisted of a declarative sentence followec
‘The model embraced the designer and the by a question.

photographer at the party. Design and proceduren substudy 1a, 16 ex-

De mannequin omhelsde de ontwerper perimental fragments ending witrand . .
en de fotograaf lachte. _ (7c)  were pseudo-randomly interspersed among 2:
‘The model embraced the designer and the filler items (allowina maxi Iy t .
photographer laughed. illeri _( wing maximally two experimen-
tal items in consecutive order). The order of
All duplex-topic sentence contexts had the forntems was the same for each participant. For sub
of sentence 2.4 in Table 2 and consisted of study 1b, two lists were constructed with equal
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TABLE 2

Sample Materials Used in the Substudies of Experiment 1, with English Translations

Sample sentence fragment
2.1 De mannequin omhelsde de ontwerper en / de / fotograaf /. . .
‘The model embraced the designer and / the / photographer /. .

Sample contexts

Simplex-topic sentence context:

2.2 Toen ze de modeontwerper en de fotograaf op de party ontmoette, was de mannequin heel enthousiast.
‘When she met the fashion designer and the photographer at the party, the model was very enthusiastic.’

Simplex-topic question context:

2.3 Het feest na afloop van de mode show was erg uitbundig. Wat deed de mannequin?
‘The party at the end of the fashion show was very exciting. What did the model do?

Duplex-topic sentence context:

2.4 Toen ze de modeontwerper op de party ontmoetten, waren de mannequin en de fotograaf heel enthousiast.
‘When they met the fashion designer at the party, the model and the photographer were very enthusiastic.’

Duplex-topic question context:

2.5 Het feest na afloop van de mode show was erg uitbundig. Wat deden de mannequin en de fotograaf?
‘The party at the end of the fashion show was very exciting. What did the model and the photographer do?

Note Slashes in the example sentence fragment indicate where the fragments ended in the different completion stu

numbers of fragments occurring in each condi- Results and Discussion
tion (i.e., fragments ending wittahd the. . . Continuations were assigned one of four cate-
and fragments ending witrahd the photogra- gories, VP-coordination (e.gThe model em-
pher. . .). Alist contained only one version of braced the designer and left the pgrtyNP-
each fragment, fragments were presented in tloeordination (e.g.The model embraced the de-
same order as in substudy 1a, together with trséggner and the photographer at the pgyt§-co-
same fillers, and each list was seen by an equaddination (e.g.,The model embraced the de-
number of participants. The three context sutsigner and the photographer laughedand
studies 1c to 1e each targeted a different type fihally the category Unclassifiable, for ambigu-
fragment (i.e.,and. . in 1c, ‘andthe. . in ous or ungrammatical responses. The results c
1d, ‘and the photographer. .in 1e). For each Experiment 1 are presented in Table 3.
of these substudies, four lists were created usingA number of important findings emerged
a Latin Square, with equal numbers of sentencdéom this completion experiment. First, clear ev-
occurring in each condition (i.e., the four conidence was found for the viability of the princi-
text conditions: simplex-topic sentence contexple of minimal topic-structure. In sentence frag-
simplex-topic question context, duplex-topianents presented without any context, the
sentence context, and duplex-topic questiomajority of completions were of the simplex-
context). A list contained only one version of aopic kind. In the case of fragments ending with
context condition, with experimental and filler'and . . .’ (substudy 1a), this was generally ac-
fragments appearing in the same pseudo-racemplished by producing VP-coordinations
dom order as in the previous studies. In eact86%). The reason for this preponderance o
particular substudy, each list was seen by aviP-coordinations might be related to the fre-
equal number of participants. quency with whicken(‘and’) occurs in different
Participants were instructed to read the fragyntactic structures. Recall that, in a Dutch cor-
ments carefully and to write down the firspus, 16% of all structures containig were
grammatical and meaningful continuation tha¥P-coordinated, versus 6% with coordinated
came to mind. At the same time it was stress@&tPs, at least if we look at the fine-grained meas
that this completion should result in a coherenires. On the other hand, VP-coordination might
and plausible sentence (no-context condition) e preferred over NP-coordination for (prag-
story (context conditions). matic) reasons that remain to be identified. After
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TABLE 3

Percentages of Completion as VP-Coordination (2VP), NP-Coordination (2NP), or S-Coordination (2S) for Fragmer
Presented in Isolation and in Context in Experiment 1 (Standard Errors Given in Parentheses)

Context type Fragment ending 2VP 2NP 2S Substudy
No context and. . . 86 (4) 9(3) 5(2) la
and the . . . 0(0) 87 (3) 13 (3) 1b
and the photographer . . . 0 (0) 81 (3) 15 (2) 1b
Simplex-topic, sentence context and . . . 74 (5) 19 (4) 3(1) 1lc
and the . . . 3(2) 56 (8) 40 (8) 1d
and the photographer . . . 0 (0) 76 (5) 23 (5) le
Simplex-topic, question context and. . . 89 (4) 8(3) 0 (0) 1c
and the . . . 6(2) 41 (6) 51 (6) 1d
and the photographer . . . 0 (0) 73 (6) 27 (6) le
Duplex-topic, sentence context and. . . 55 (6) 2() 37 (8) 1c
and the . . . 0(0) 15 (4) 76 (5) 1d
and the photographer . . . 0 (0) 18 (5) 80 (5) le
Duplex-topic, question context and. . . 42 (6) 1(3) 51 (6) 1c
and the . . . 2(9) 11 (2) 77 (3) 1d
and the photographer . . . 0 (0) 19 (4) 80 (4) le

all, there must be an explanationvaiyVP-co- completed in a way preserving the topic—com-
ordination occurs more frequently than NP-cament structure with one and only one topic, that
ordination. When VP-coordination was elimidis, as VP-coordinations or as NP-coordinations
nated as a possibility, however, as in thpstas was predicted by the principle of minimal
fragments ending with ‘and the . . ."or ‘and theopic-structure. However, the results from this
photographer’ (substudy 1b), NP-coordinatiomxperiment also show that this preference can b
was clearly the favored option (over 80%). modulated by duplex-topic contexts.
. The second |mporta}nt result was the effec— EXPERIMENT 2
tiveness of duplex-topic contexts in promoting
S-coordination completions with two topics. The results of Experiment 1 showed that
The largest effect of this kind of context wasentence and question contexts were both ef
present in the fragments ending with ‘and thiective in manipulating the topic-structure of
photographer . . .’ (substudy 1e), where 80% &mbiguous sentence fragments. In Experimen
the completions were S-coordinations, againstZa We investigated whether this manipulation
mere 19% of NP-coordinations. of topic-structure can eliminate the processing
Finally, simplex-topic contexts predomi-difficulty observed in temporarily ambiguous
nantly biased toward VP-coordinations in théS-coordinations presented without a context
fragments ending with ‘and . . .’ (substudy 1CXFrazier, 1987a; Frazier & Clifton, 1997). Sen-
and toward NP-coordinations in the fragmenttence (8a) shows an example of a temporarily
containing the full NP (substudy 1e). In the ‘ancambiguous target sentence (the literal English
the . . . case (substudy 1d), however, there wdganslation is given in apostrophes). These
also a clear number of S-coordinated compleésentences were compared with unambiguou:
tions, ranging from 40% in the sentence contS-coordinated) control sentences such as (8b;
texts to 51% in the question contexts. It is possireated by adding a comma to the object NP
ble that the mere presence of a great marije designer
S-coordinations, given in response to the du- De mannequin omhelsde de ontwerper
plex-topic contexts of the same list, counter-  en de fotograaf opende lachend een fles

; _ ; ; champagne. 8a
acted the expected bias toward NP-coordination. ‘The model embraced the designer and the )

. In sum, sentence fragm?nts containizgd photographer opened smilingly a bottle of
(i.e., enin the Dutch materials) are preferably  champagne.



106 HOEKS, VONK, AND SCHRIEFERS

De mannequin omhelsde de ontwerper, en de at all (e.g., Frazier, 1987a). One potential prob-
fotograaf opende lachend een fles champagne. ' Jem is that these neutral contexts may make th
‘The model embraced the designer, and the (8b) hat infelici .

photographer opened smilingly a bottle of cham- target-sentences somewhat infe ICItOI_JS, bUt Ir
pagne. fact, these sentences are no more infelicitou

than if they were presented in isolation. Further-

It ShOF"d be noted that in ,DUtCh (the Ianguagr%ore, by setting a specific scene (e.g., a fashio
used in the present experiments), there are Qﬁ’ow)

4 ic, scene-related referents in the
aeserBfgrget-sentence easier than if they were pre

De Rooij, & Van den Toorn, 1984; Renkemasented out of the blue. Nevertheless, it must b

19'[7{9). There is, r;)ovaever,’a %e’n.eral ha.lb.it 0(1; rK@t‘i:knowledged that target-sentences following
putting commas beforen (and’) in conjoine biasing contexts are more felicitous than those

sentences, a”‘?' itis definitely not acceptable 1t8llowing neutral contexts, since the entities re-
use a comma in cases where two NPs are CQ0fred to by definite NPs (e.g

structure of a sentence, whereas its presence gjgq come back to this issue when we discuss the
nals that S-coordination (or VP-coordinationresults of Experiments 2 and 3

fgr that mattgr) is very likely but NP-cpordipg- The following predictions are made. The NP-
tion is highly improbable. Any processing dIﬁ"coordination bias that was shown to affect the

culty in the ambiguous sentence will thus sho rocessing of temporarily ambiguous S-coordi-

up as a difference n reading times when co iations presented in isolation (Frazier, 1987a
pared to the unambiguous control sentence. Frazier & Clifton, 1997) will also cause pro-

.F.or each experimental sentence, two kinds 2 ssing difficulty in sentences preceded by ¢
critical context-sentences were constructed, utral context. since such a context contains n

biasing context and a neutral context. The biagy - \ation as to how to process the next sen

N9 context-sentenceg (|:e., b|a5|pg toward tr1§nce. Readers will, in the absence of clear cue:
unpreferred S-coordination reaglmg) had “‘%n back on the strategy of applying a default,
same structure as the duplex-top|c sentence Coiimal topic-structure to this sentence (i.e., as:
texts described in Experlmept 1. These bmsngqjme a topic—comment structure with only one
'conte.xts were contrasted Wlth neytral antex 8pic) and will run into trouble when a disam-
in vyhmh none of the protagonists is mentione iguating verb appears, telling them that the am
asin (9). biguous NP is a topic too. There will be no pro-
It was not surprising that the party afterthe (9)  cessing difficulty in sentences embedded in
fashion show was exhilarating. . . . .
biasing duplex-topic context, since this context
The choice to use neutral contexts instead ofakes it clear from the beginning that the am-
the simplex-topic contexts from Experiment biguous NP will be a topic.
was based on the assumption that using a neutral
context would provide the strongest test of the Method
principle of minimal topic-structure, since such Participants The participants were 32 under-
a context contains no clue whatsoever as to tgeaduate students from the University of Nij-
topic-structure of the next sentence. Reademsegen; all were paid for taking part in the ex-
will apply the default topic-structurenly in a periment.
neutral context, while a simplex-topic context Materials A set of 48 experimental sentences
may already guide the reader toward a simplextere constructed, all of which were sentence-
topic reading in the next sentence. Furthermoregordinations (16 of these sentences wer:
using neutral contexts will enable us to directljormed on the basis of the sentence fragment
compare the results with the outcome of earlieised in Experiment 1). All sentences were of the
studies, where sentences did not have a contéoilowing structure: [NP-Verb—NP]-connec-
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tive—[NP—Verb—Adverb—NP]-rest of the senThe materials for the practice session consiste
tence. In the control sentences a comma wakone story with an NP-coordinated target sen:
added to the second NP (i.e., the object NRgnce, one story with an S-coordinated target
The postverbal adverb in the clause followingnd a story not containing coordinations.
the connective was included to “focus” possible Design The experimental and filler stories,
spillover effects originating from the disam-96 items in total, were divided into four blocks
biguating verb on a single content-word, insteaaf 24 stories each. There were two factors in this
of on a NP (i.e., article plus noun). This is relaexperiment: (1) ambiguity (of the target sen-
tively unimportant for the self-paced reading inence), with the levels ambiguous (without
Experiment 2, since the article and the noun ebmma) and control (with comma), and (2) con-
the postverbal NP were presented together t&xt type, with the levels bias (duplex topic) and
one segment. However, it might be important faneutral. Each experimental item appeared in th
the replication with eye tracking in Experimenfour conditions created by crossing these fac
3, since a content word is less likely to béors. Ambiguity and context type are therefore
skipped than an article, making measurement within-item factors. Four experimental lists
spillover effects more straightforward. For eaclvere created using a Latin Square, with equa
of the experimental sentences, biasing and newimbers of items occurring in each condition on
tral contexts were created, consisting of a leadach list, and with no list containing more than
in sentence, a neutral or a biasing context-seore version of a given item. The order in which
tence, the target-sentence, and an exit-sentenegperimental and filler items appeared in eact
For examples see Table 4. list was determined semirandomly (i.e., allow-
Besides the 48 experimental sentences img maximally two experimental items in con-
volving S-coordination, the reader was also preecutive order, but never in the same condition
sented with 48 filler sentences which contaiand was the same for all four lists. Each list wa:s
NP-coordinations, in order to minimize thepresented to an equal number of participant:
chance that participants would develop stratend each participant only saw one list.
gies or grow accustomed to S-coordinations. Procedure Participants read the stories seg-
For half of these filler sentences, contexts weraent-by-segment, in a noncumulative moving
produced in which two protagonists were exwindow fashion (Just, Carpenter, & Woolley,
plicitly mentioned, just as in the biasing context982). The texts were segmented so as to ha\
condition. Note that in “biasing” filler items, theno more than 3 words and no more than 25 chal
critical context leads the reader to expect thatters in each segment. Care was taken to ha
the next sentence will contain two topics, but theegments correspond to syntactic constituent
subsequent filler sentence only provides ong.g., NPs, PPs) and not to mix, for example,
The filler sentence is thus infelicitous in theseerbs and NPs. Each story was preceded by &
stories. The main reason for including these stasterisk on the left-hand side of the screen, indi
ries, despite their infelicity, was to prevent pareating where the story would begin (i.e., the po-
ticipants from using strategies. For the same resition of the first segment of the lead-in sen-
son we also constructed 24 “neutral” fillettence). When the button was pushed, the asteris
stories. See Table 5 for sample filler itemslisappeared and the first segment of the lead-i
There were no other fillers in this experimént.

other did not. In both experiments a significant garden-path
1 No comprehension questions were used in this expegffect was found, which was slightly larger (i.e., 11 ms) in

ment. In an unpublished study, we tested whether additlge experiment containing content questions. Apart from
comprehension questions would affect the reading behavitbrat, the results from both experiments were virtually identi-
of participants, especially with respect to the size of the gacal. This finding that the reading behavior of the participants
den-path effect ensuing from the NP/S ambiguity in serin these experiments is influenced only to a small extent by
tences presented in isolation. Two self-paced reading expéne presence of comprehension questions suggests that it |
iments were conducted on identical materials, where one pbssible to study reading behavior without adding a seconc
the experiments contained content questions, whereas thsk.
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TABLE 4

Sample Experimental Items Used in Experiments 2 and 3, with English Translation in Apostrophes

Lead-in sentence
4.1 De nieuwe collectie avondjurken, die op die avond gepresenteerd werd, sloeg in als een bom in de Parijse
wereld.
‘The new collection of evening dresses that was presented that night, really struck home in the fashion wol
Paris.’
Neutral context
4.2 Het was dan ook niet vreemd dat het feest naderhand bijzonder uitbundig was.
‘It was therefore not surprising that the party afterwards was exhilarating.’
Biasing context
4.3 Toen ze na afloop de modeontwerper op de party ontmoetten, waren de mannequin en de fotograaf dan oo
enthousiast.
‘When they met the fashion designer at the party afterward, the model and the photographer were very enthus
Target sentence
4.4 De mannequin omhelsde de ontwerper(,) en de fotograaf opende lachend een fles champagne.
‘The model embraced the designer(,) and the photographer opened smilingly a bottle of champagne.’
Exit sentence
4.5 Het werd een onvergetelijke avond.
‘This surely was a memorable evening.’

2In the experimental materials, either the neutral or the biasing context-sentence was presented. The comma in pa
ses in the target-sentence indicates the position of the comma in the control condition.

part of the story appeared; for the rest of the segf Experiment 3), all stories were presented in
ments each character (including all punctuatiawo parts: the lead-in sentence was presente
marks except the full stop) was replaced by fast, and after a 350-ms delay, the rest of the
hyphen. The next button-press revealed the nestbry was shown. The critical region of the tar-
segment of the sentence, while changing tlget-sentence, consisting of the disambiguating
characters of the first segment to hyphens, amdrb, the postverbal adverb, and an object NF
so forth. For practical reasons related to theways appeared at the end of a line, while the
planned replication using eye tracking (such asibsequent prepositional phrase appeared on tl
the concern that the occurrence of blinks will inrext line. All target-sentences were segmente
crease when texts are presented as comparedgoshown in example (10) (translated literally
single sentences; see also the procedure secfimm Dutch).

TABLE 5

Sample Filler Materials Used in Experiments 2 and 3 (English Translations)

Neutral Filler
Lead-in sentence The old steam-locomotive had been restored by an association of train fanatics.
Critical context ~ When the train was to ride again after so many years, a lot of people had gathered to witness the
Target sentence  The little boy admired the conductor and the engine-driver because they wore such impressiy

forms.
Exit sentence With his mouth wide open he looked at the shining locomotive which puffed out large clouds of st
Biasing filler
Lead-in sentence Fashion house Antje had provided the dress for the wedding ceremony that was taking place
town hall.
Critical context ~ When they saw the beautiful dress the bride was wearing, the civil servant and the groom were
impressed.

Target sentence  The civil servant congratulated the bride and the groom while the guests cheered.
Exit sentence It was the start of a wonderful day.
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The model / embraced / the designer / and / each participant. In the other analysis, the item:
the photographer / opened / smilingly / 10) were treated as the random factor andFan
a bottle / of champagne./ ANOVA was conducted on the means for each
Before the experiment started, participantgem. The factors ambiguity (ambiguous vs con-
were given written instructions. In the instructrol) and context type (bias vs neutral) were
tions it was stressed that each story should treated as within-participants and within-items
read carefully and at a normal speed. In order tactors.
“explain” the stories being presented in two In our discussion of the results we will prima-
parts, and also to keep participants from focusiy focus on three regions, the disambiguating
ing on the syntactic and topic-structure aspecterb (opened) and the two postdisambiguatior
of the materials, participants were told that theegions (smilingly/a bottle). Mean reading times
goal of the experiment was to determine hoyer segment are displayed in Table 6 and ar
people process the relation between a leadinresented graphically in Fig. 1.
sentence and the following story. Note that this 1. Disambiguating verbAt the disambiguat-
lead-in sentence never contained any syntactity verbopened there was no significant inter-
or topic-structure cues. After a practice sessiaittion of ambiguity and context type (b&th<
consisting of three stories, the experimert), and neither was there a main effect of ambi:
started. The experiment took 30 to 45 min.  guity (bothp-values> .11). The factor context-
type, however, had a significant main effect
Results (F4(1,31) = 7.06, MS, = 1109, p < .05;
First, the reading time data were screened fé(1,47)= 5.19,MS, = 2059,p < .05), indicat-
errors and outliers. All reading times less thaimg that disambiguating verbs were read faste
50 ms and greater than 4000 ms were excludedhen the sentence was embedded in a biasir
After this preliminary screening, all observacontext (a difference of 15 ms).
tions were excluded which deviated more than 2 2. Postdisambiguation regionAt the adverb
SDs from both the participant and the itensmilingly, the interaction of ambiguity and
means of each segment in each condition; 1% @dntext type was significanF{(1,31) = 6.62,
the original observations were removed by theddS, = 501,p < .05; F,(1,47) = 5.48, MS, =
procedures. 942, p < .05). This interaction arose because
For each segment in the target sentence twba significant effect of ambiguity in the neu-
sets of analyses were performed. In one analysial context condition, where ambiguous sen-
participants were treated as a random factor, atehces were read 17 ms more slowly than con-
anF;-ANOVA was conducted on the means fotrols (Fy(1,31) = 4.69, MS, = 937,p < .05;

TABLE 6
Mean Reading Times per Region (ms) as a Function of Context Type and Ambiguity in Experiment 2

Condition
Neutral context Biasing context
Ambiguous Control Ambiguous Control
Region
Object NP 414 443 424 433
Connective 385 405 384 3901
Ambiguous NP 413 401 404 389
Disambiguating verb 413 399 393 388
Postdisambiguation regions
Adverb 394 377 377 381
Postadverbial NP 450 452 453 452

Final word 639 646 662 629
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the designer(,) and the photographer opened  smilingly a bottle

FIG. 1. Mean reading times per region (ms), as a function of ambiguity and context type in Experiment 2.
Neutral= neutral context condition; Bias biasing context condition.

F,(1,47) = 6.63,MS, = 1066,p < .05), while with longer reading times (14 ms) for the con-
there was no ambiguity effect in the biasinghective in the control sentences.
context condition (a 4-ms difference in the Atthe ambiguous NEhe photographeithere
other direction; bothFs < 1). There were no was no significant interaction of ambiguity and
significant main effects. On the subsequent NEontext-type. The main effect of ambiguity was
a bottle there was no significant interaction,significant in the item-analysis and marginally
nor were there significant main effects (albignificant by participantsF¢(1,31) = 2.82,
Fs < 1). MS, = 2004,p = .10; F(1,47) = 6.44,MS, =

3. Other regions At the object-NPthe de- 1407,p < .05): Ambiguous NPs were read 14
signer, where a comma was present in the corms more slowly in ambiguous than in control
trol sentences, no significant interaction of consentences. The main effect of context type (am
text type and ambiguity emerged (bothbiguous NPs in a biasing context are read 10 m
p-values> .20), nor was there a main effect offaster than in a neutral one) almost reached sic
context-type (bothH=s < 1). Object NPs were nificance F;(1,31)= 4.09,MS, = 926,p = .05;
read 19 ms more quickly in ambiguous than ifr,(1,47)= 3.48,MS, = 1444,p = .07). No sig-
control sentences, which was significant in thaificant effects were found at the sentence-fina
analysis by items and marginally significant irregionof champagnéall p-values> .10).
the analysis by participants={(1,31) = 3.49, , )
MS, = 3248,p = .07;F,(1,47) = 7.19,MS, = Discussion
2358,p < .05). The same pattern of results was The interpretation of the results from this ex-
found for the reading time pattern at the conperiment is straightforward. We found clear evi-
nective, where there was no significant interadence for processing difficulty in temporarily
tion of context type and ambiguity (boffival- ambiguous S-coordinations embedded in neu
ues> .20), and no main effect of context typetral contexts. Reading times for the first postdis-
(both p-values> .10). The effect of ambiguity ambiguation region (i.e., the adverb) were 17 ms
was marginally significant in the analysis bylonger in the ambiguous condition as comparec
participants but was significant in the item-+o the unambiguous control condition. More im-
analysis F,(1,31) = 3.11, MS, = 1982,p = portantly, we found that the topic manipulation
.09; F»(1,47) = 8.20,MSe = 1254,p < .01), in the biasing contexts eliminated this process
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ing difficulty. This provides strong support forcontrol sentences (containing a disambiguating
our analysis of the NP-coordination preferenceomma), since the presence of the comma doe
in terms of topic-structure simplicity. not in any way preclude a VP-continuation ei-
The fact that the crucial interaction betweenher (at least not in Dutch). So if the effect were
ambiguity and context type was found ongresent in both ambiguous and control sen
word downstream from the disambiguatingences, we would not have observed any reliabl
verb (i.e., the adverb) comes as no real surpriseffect of ambiguity. We will return to this issue
since this “delayed” effect is a common findingn the discussion of Experiment 3.
in the sentence processing literature with regard Summarizing, the topic-structure manipula-
to self-paced reading experiments. Though th@n in the context successfully eliminated the
numerical pattern is already present at the digprocessing difficulty associated with reading
ambiguating verb (i.e., a 14-ms difference inemporarily ambiguous S-coordinations, which
the neutral condition compared to a 5-ms differwas present when the same S-coordination
ence in the biasing condition), it only reachesvere embedded in neutral contexts. The next ex
significance one word later. periment will show that the principal results
One notable aspect of these data is that tfrem Experiment 2 can be replicated with eye
reading times for the ambiguous sentences tiracking, indicating that these findings are ro-
the biasing context barely differ from those fobust and not attributable to the use of a specifi
the control sentences in the neutral conditioexperimental method.
(i.e., from the object NP until the postadverbial
NP). This pattern of results is most likely the re- EXPERIMENT 3
sult of the object NP and the ambiguous NP of Experiment 3 is a replication of the self-
the target sentence having already been intrgaced reading experiment discussed in the pre
duced in the biasing context but not in the newyigus section. In the present experiment eye
tral context condition. It is less likely that thQracking was used, since this technique permit:
same thing is happening at the disambiguatingbrmal, uninterrupted reading, while at the
verb and the postdisambiguating regions, whicsame time providing a more time-sensitive
have not been mentioned earlier. There, the alreasure of processing than self-paced readin
sence of reading time differences (i.e., betweerhis is important because we are interested i
the ambiguous sentence in the biasing conteiiding the earliest point in the sentence where
and the control sentence in the neutral contexhe processing difficulty in the neutral context
seems to show that the topic-structure manipulgondition becomes manifest. Recall that in Ex-
tion is as effective as an explicit syntactic signgleriment 2, the crucial interaction of ambiguity
such as the comma in disambiguating temporaind context-type was found not on the disam:

ily ambiguous sentences. biguating verb but one word later.
Finally, there is the effect of ambiguity at the
ambiguous NP, where reading times were some Method

14 ms longer for ambiguous NPs in ambiguous pyticipants The participants were 32 under-
sentences than in unambiguous controls. TRe,qyate students from the University of Ni-
size of the ambiguity effect was approximatelymegen, who were paid for participation. All had
the same for both neutral and biasing contex{$ormal. uncorrected vision.

One explanation would be that, since VP-C00r- \1aterials and desigriThe materials of Exper-

dma_tlon is the prefe_rred continuation gt the cofent 2 were used, with some minor changes.

nective (see Experiment 1, substudies la and

1c), readers, expecting a finite verb, will experi- | _ _ _

ence processing difficulty when encountering an Thg Wordlng_of some of the stories was changed slightly

NP instead. Thi d lain th ffect bei to facilitate reading by replacing some rather low-frequency
Ins e_a : IS would exp am e enec elngords and by altering some formulations. We did not make

present in both context conditions. However, thgy changes in the critical region of the experimental sen:

same must then be predicted to happen in tie@ces, i.e., from the disambiguating verb onward.
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One line on the screen corresponded to maxExperiment 2, the main reason to divide the sto.
mally 80 characters. Characters appeared ffes into two parts was a concern about blink-
Courier New, size 12. All experimental sen-artefacts in the eye-tracking signal. In order to
tences had at least three words following the digninimize the occurrence of blinks during the
ambiguating word on the same line. The samimportant parts of the story (i.e., the critical con-
design was used as in Experiment 2. text sentence and the target sentence), partic
Apparatus Stimuli were presented on anpants were asked not to blink during the secon
NEC MultiSync 5FG computer monitor. View-part of the story; blinking was allowed at the as-
ing distance was 85 cm, making 1° of visudlerisk or during the lead-in sentence.
angle equivalent to 4.4 character positions. Eye Each story was preceded by a short recalibra
movements were recorded using an AmTedion routine, by means of which the data could
ET3 eye tracker (Katz, Mueller, & Helmle,be corrected for possible shifts in the partici-
1987). BothX and Y positions were collected pant’s head position.
with a sample frequency of 200 Hz and a spatial
resolution of 0.25°. Only the movements of the
right eye were recorded. Head movements wereFor analysis purposes, all target sentence
minimized by the use of a bite-bar, combinet/ere divided into regions of one or more words,
with a chin and forehead rest. as in (11). These analysis regions were identice
Procedure Participants were tested individuto the segments described in Experiment 2.
ally in a session of approximately 1.5 h. At the  The model / embracedtie designer and /
start of the session it was verified that partici- the photographefopened smilingly/ (11)
pants indeed had normal vision, and a bite-bar 2 Pote/ of champagne/
was prepared for each individual participan©Only the italicized regions were analyzeBor
After a short instruction concerning calibrationgvery region three dependent measures wel
the eye tracker was adjusted to the participacalculated: first-pass regressions (hereafter, re
and the calibration routine was practiced. Thegyressions), first-pass reading time, and regres
the participant received the instructions for theion-path duration (RPDRegressionsire de-
experiment. It was stressed that it was importafihed as regressive eye movements originating
to read the stories carefully and at normal speddom a particular region when visiting that re-
The experiment consisted of four blocks of 2gion for the first time, provided that that region
stories each, with a preceding practice sessiaras not skipped on an earlier pass through th
of three stories. After two blocks, the participantentence. Regression percentages are based
was invited to take a short break. All blockshe number of times a region was actually fix-
were preceded by a calibration routine, whichted in first-pass reading. Tfiest-pass reading
was inspected off-line. When this calibratioriimeis the time spent in a region before leaving
was deemed satisfactory, the experiment prthat region to the right or to the left, provided
ceeded. Stories were presented in two parthat the reader enters that region for the firs
First, the lead-in sentence was shown, precedtihe, and that the region was not skipped on al
by a screen with an asterisk, indicating the exaeérlier pass through the sentence. And finally
location of the beginning of this sentence. Whemgression-path durationvas computed as the
the participant pushed the button after havirigme spent in a region in the first pass before
finished reading the lead-in sentence, the sdraving that region to the righgjusall the time
tence disappeared from the screen, and the rest
of the story was shown. This second part was® Since reading time measures pertaining to the connec
presented at exactly that location on the scre#g en (‘and) itself were unstable because it was skipped

where the reader would norma”y continue readore than 83% of the time, we performed additional analy-

. . beginni t the left t it es in which it was added to either the preceding region (ob
Ing (I'e" eginning a e leitmost position Ofect NP) or the following region (ambiguous NP). The re-

the "n_e beneath the lead-in sentence), just assiiks of both analyses did not differ from what will be
Experiment 2. As was noted in the Procedure @fported below.

Results
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spent in regressing to earlier parts of the seim Table 7. The results for first-pass reading
tence (see also Brysbaert & Mitchell, 1996times are presented graphically in Fig. 2.
Konieczny, Hemforth, Scheepers, & Strube, In discussing the results for each region, we
1997; Liversedge, Paterson, & Underwoodyill concentrate on the findings with respect to
1997; Traxler, Pickering, & Clifton, 1998). first-pass reading time. After that, the results for
In the computation of first-pass reading timeegressions and regression-path duration will be
and RPD, the duration of the saccades (i.e., bédiscussed in a more global way.
tween the fixations which contributed to these ) )
measures) was included. In other words, “timE"St-Pass Reading Time
spent” was taken as a variable, instead of “sum 1. Disambiguating verbAt the disambiguat-
of fixation durations,” since it is rather implausiing verb, a significant main effect of context
ble that lexical and supralexical processintype F.(1,31) = 4.96,MS, = 1012,p < .05;
stops during saccades (cf. Cozijn, 2000; Irwirk,(1,47) = 4.33, MS, = 1998, p < .05)
1998; see also Rayner, 1998). emerged, as well as a marginally significant
All observations were excluded which devimain effect of ambiguity k,(1,31) = 3.13,
ated more than SDs from both the participant MS, = 1498,p = .09; F,(1,47)= 3.33,MS, =
and the item means of each region in each ca03, p = .07). However, these main effects
dition. Approximately 1% of the original obser-were further qualified by the presence of a sig-
vations were removed. The subsequent statistificant interaction between ambiguity and
cal analyses were the same as those describedantext-type F,(1,31) = 5.15, MS, = 738,
Experiment 2. Means for all measures are givgn< .05; F»(1,47) = 4.74,MS, = 2174,p <

TABLE 7

Means of First-Pass Reading Time (ms), First-Pass Regressions (Percentages), and Regression-Path Duration (m:
Region, as a Function of Context Type and Ambiguity in Experiment 3

Condition
Neutral context Biasing context
Ambiguous Control Ambiguous Control
Measure Region
First-pass reading time Object NP 292 297 282 282
Ambiguous NP 336 340 313 326
Disambiguating verb 294 271 271 270
Postdisambiguation regions
Adverb 286 279 268 268
Postadverbial NP 266 276 269 258
Final region 496 494 493 494
First-pass regressions Object NP 11 15 10 13
Ambiguous NP 8 8 9 4
Disambiguating verb 6 7 6 6
Postdisambiguation regions
Adverb 11 8 9 8
Postadverbial NP 12 12 9 9
Final region 20 23 21 22
Regression-path duration Object NP 342 383 337 355
Ambiguous NP 377 382 345 348
Disambiguating verb 325 305 300 290
Postdisambiguation regions
Adverb 346 321 310 309
Postadverbial NP 347 334 318 301

Final region 664 646 674 651
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FIG. 2. Means of first-pass reading times per region (ms), as a function of ambiguity and context type in
Experiment 3. NeutraF neutral context condition; Bias biasing context condition.

.05). In the neutral context condition, first-passended to be longer for ambiguous NPs in neu
reading time at the verb was significantlytral contexts than in biasing contexts. This dif-
longer (23 ms) for ambiguous sentences thderence (18 ms) was significant by participants
for control sentenced~¢(1,31) = 6.50,MS, = and almost significant by itemg-,(1,31) =
1303,p < .05; F5(1,47) = 7.31,MS, = 2493, 8.05,MS, = 1335,p < .01; F,(1,47) = 3.75,
p < .05). No such effect (1 ms difference)MS, = 3101,p = .06). There were no other ef-
emerged in the biasing context condition (botffiects (allp-values> .15). At the sentence-final
Fs < 1). regionof champagn@o significant effects were

2. Postdisambiguation region#t the post- found (allFs < 1).
verbal advertsmilingly, only the main effect of .
context type was significant: First-pass reading€9ressions
time on the adverb was 15 ms longer in neutral Only a few differences in the first-pass regres-
contexts than in biasing oneB,(1,31) = 6.40, sions came close to being significant. First, at
MS., = 1009,p < .05;F,(1,47)= 4.80,MS, = the object NP, comma-placement seemed tc
1568,p < .05). There were no other significantslightly increase the occurrence of regressions
effects (allFs < 1). At the next regiona bottle The main effect of ambiguity (a 3% difference)
there were no significant effects at all (pival- was significant by participants, but not by items
ues> .14). (F1(1,31)=5.23,p < .05;Fx(1,47)= 1.74,p =

3. Other regionsAt the object NPthe de- .19). There was no significant main effect of
signer, the effect of context type was significantontext type, nor was there an interaction of con-
by participants and marginally significant bytext type and ambiguity. Second, at the ambigu-
items E,(1,31) = 5.12,MS, = 1002,p < .05; ous NP the interaction of ambiguity and context
F(1,47)= 2.86,MS, = 2013,p = .10), indicat- type almost reached significancE,(1,31) =
ing a trend for object NPs to be read faster (1859,p = .07;F,(1,47)= 3.02,p = .09), proba-
ms) in biasing contexts than in neutral contextbly reflecting the rather small number of regres-
The main effect of ambiguity was not signifisions in the control-sentences embedded in a bi
cant, nor was there a significant interaction (a#lsing context, as compared to the other three
Fs < 1). There was a marginally significanttonditions, which also gave rise to a marginally
main effect of context type on the ambiguousignificant main effect of ambiguity=(1,31)=
NP the photographerFirst-pass reading time 3.22,p = .08; F(1,47) = 3.39,p = .07). Fi-
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nally, the marginally significant main effect for5.73, MS, = 4914,p < .05; F,(1,47) = 2.64,
context type at the postadverbial NP suggestedS. = 10804,p = .11). No other effects were
that readers make slightly more regressiorfeund in the object-NP region (ap-values>
(2%) in neutral contexts than in biasing contextsl2). With regard to the ambiguous NP, there
(F1(1,31)=3.44,p = .07;F,(1,47)= 3.79,p= was a main effect of context-type, with longer
.06). No other effects approached significance.path durations (33 ms) for neutral contexts, as

Regression-path duration Regression-path compared to biasing contexts,(1,31) = 9.35,
duration numerically showed the same patteiS, = 3830,p < .01;F,(1,47)= 6.31,MS, =
of results as first-pass reading time, but the €f388,p < .05). No other effects were significant
fects were statistically less reliable. No signifinere nor in the sentence-final region @dl< 1).
cant interaction between ambiguity and context- _ )
type was found anywhere in terms of Discussion
regression-path duration. A number of main ef- This eye-tracking experiment replicated the
fects were significant or marginally significantmain findings obtained with the self-paced read-
At the disambiguating verb, the effect of contexihg method in Experiment 2. First of all, a signif-
type (i.e., verbs in neutral contexts showingcant interaction between ambiguity and con-
longer regression path durations than in biasingxt-type was found, brought about by the
contexts, a difference of 20 ms) was significairesence of processing difficulty for S-coordi-
by participants and marginally significant bynated sentences in neutral contexts and the ak
items F,(1,31) = 4.31,MS, = 2944,p < .05; sence of processing difficulty when these sen-
Fo(1,47)= 2.79,MS, = 6472,p = .10), while tences were embedded in biasing contexts. Thi
the main ambiguity effect (verbs in ambiguougdicates that the manipulation of topic-structure
sentences take 15 ms longer than controls) wiasthe context was very effective, thus support-
marginally significant by items but not signifi-ing the view that the NP-coordination preference
cant by participantsF((1,31) = 1.74,MS, = is actually a preference for topic-structure sim-
4027,p = .20; F(1,47) = 3.66,MS, = 3205, plicity. In contrast to Experiment 2, the crucial
p = .06). As for the postdisambiguation regiondnteraction (i.e., of ambiguity and context-type)
a significant main effect of context type wain the present experiment was already significan
found at the postverbal adverb (24 ms), indicagt the disambiguating verb itself.
ing longer path durations for adverbs in neutral Second, in discussing the results of Experi-
contexts, as compared to the biasing contexisent 2, we suggested that the biasing contex
(F1(1,31) = 4.37, M§, = 4469, p < .05; was as effective as the comma in the neutra
F,(1,47) = 5.37,MS, = 4560,p < .05). The context in disambiguating the ambiguous targe:
main effect of ambiguity did not reach signifisentence. Experiment 3 replicated this finding.
cance F1(1,31)= 1.53,MS, = 3530,p = .23; For example, first-pass reading times on the dis
F,(1,47)= 2.18,MS, = 5692,p = .15). At the ambiguating verb and postdisambiguation re-
second part of the postdisambiguation regiogjons of ambiguous sentences following biasing
the main effect of context type failed to reachontexts equalled (or were even shorter than
significance in the analysis by participants, butading times on control sentences in the neutre
it was marginally significant in the analysis byondition (see Table 7). This same pattern of re
items €1(1,31)= 2.64,MS, = 11446,p = .11; sults was observed for the object NP and the
Fo(1,47)= 3.45MS§, = 8733,p = .07), indicat- ambiguous NP, most probably because bott
ing a trend for longer RPDs (31 ms) in neutrddave already been mentioned in biasing con
contexts as compared to biasing contexts. texts, but not in neutral contexts.

At the object NP, there was a marginally sig- One important difference between Experi-
nificant effect of ambiguity: RPDs tended to beaments 2 and 3 concerns the reading times for th
longer in control sentences than in ambiguousmbiguous NP. In Experiment 2, reading time
sentences. The 29-ms difference was significafdr the ambiguous NP was significantly longer
by participants but not by itemd((1,31) = in ambiguous sentences, as compared to contr
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sentences. There was no significant differencetiences disappears when these sentences are €
the eye-tracking experiment, and themerical bedded in biasing contexts. The effectiveness ¢
difference was in the opposite direction: Firstthe topic-structure manipulation in these biasing
pass reading times and RPDs on the ambiguatmntexts strongly supports the view that, in
NP were shorter in ambiguous sentences thangrocessing (temporarily) ambiguous sentences
control sentences. Since the effect of ambiguitgaders use strategies such as the principle «
that was present in the self-paced reading expeninimal topic-structure.
iment disappeared in the eye-tracking version,
we are inclined to ascribe the reading time dif- GENERAL DISCUSSION AND
ferences that were found in Experiment 2 to the CONCLUSION
so-called “rebound-effect,” described by Hoeks, Three experiments were presented that inves
Vonk, Hagoort, and Brown (submitted manutigated the role of topic-structure in processing
script). This rebound effect, which seemed to tbe NP versus S-coordination ambiguity. The
present only in self-paced reading experimentsff-line completion study (i.e., Experiment 1)
is characterized by an increase in reading timekowed that language users are sensitive to tr
at some point in the sentence where an integraanipulation of topic-structure when complet-
tion cue, such as a comma, is present (presuing ambiguous sentence fragments. For frag
ably reflecting the time needed by the processorents presented in isolation, S-coordination
to integrate the available syntactic and semanticas clearly not a preferred option (15% or less
information), followed by a distinct decrease irof all completions), but introducing a duplex-
reading times on the next three or four wordsopic context greatly increased the likelihood of
Hoeks et al. found that this pattern of readin§-coordinated completions (up to 80%). Experi-
was present even innambiguoussentences, ments 2 and 3 then showed that this sensitivity
which strongly suggests that it does not primde topic-structure regularities could also affect
rily reflect processes related to ambiguity res@nline processing. In both experiments, a signif-
lution but instead reflects more basic processesint interaction of context type (neutral vs bias-
of reading (e.g., memory management) or possirg) and ambiguity (ambiguous vs control) was
bly even task-related processing (e.g., maintaifound: In the eye tracking experiment (i.e., Ex-
ing an optimal rhythm of pushing the button irperiment 3) this interaction occurred at the dis-
self-paced reading experiments). ambiguating verb itself; in the self-paced read-
Finally, it is somewhat surprising that regresing experiment (i.e., Experiment 2), it was
sion-path duration, which is generally taken téound one word later. The interaction reflected
be a very sensitive measure of processing difie presence of processing difficulty in tem-
ruption, was not more illuminating in this experporarily ambiguous sentences embedded in
iment. Though the pattern of interaction beneutral context, which was absent in sentence
tween ambiguity and context type was presepteceded by duplex-topic contexts. In other
numerically in regression-path durations (e.gwords, when there are no topic-structure cues
at the postverbal adverb), it did not reach signi&s in the neutral context condition, readers ar
icance. This could, of course, be ascribed foclined to take the NP-coordination option
chance, but perhaps making regressions waken faced with the NP/S coordination ambigu-
not, on average, the preferred way of solvingy, and they subsequently run into trouble when
processing problems in this group of particithe sentence turns out to be S-coordinated. Thi
pants or with this kind of stimulus (i.e., wholesuggests that readers adopt a default, minima
stories instead of isolated sentences). Future tepic-structure (i.e., with only one topic) in the
search might shed some light on this issue. absence of clear cues and, hence, take the ar
Summarizing, the eye-tracking experimenbigous NP as being part of the comment, instea
reported here showed that the processing diffif as a second topic. They will then experience
culty that is present when readers are confrontpdocessing difficulty if the default structure
with temporarily ambiguous S-coordinated serturns out to be wrong, since, in that case, bott
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topic-structure and syntactic structure will havéy is resolved through competition between al-
to be revised. ternatives at the point of syntactic ambiguity,
Although we think the present data suggestthere should be some sign of competition in the
pragmatic origin of the NP-coordination preferduplex-topic condition between the factor fre-
ence, which will be further discussed belowguency, arguing for NP-coordination, and the
other accounts cannot be ruled out. For instanamntextual information, which argues for S-co-
within the garden-path/construal framework, therdination.
conjoint-NP preference is argued to be primarily The present experiments do not provide any
motivated by syntactic considerations. Due tevidence for the presence of a competition ef:
the application of the minimal attachment strafect. In Experiment 3, there was no sign of an
egy, the ambiguous NP is conjoined with theffect of ambiguity (i.e., ambiguous vs control)
preceding object NP. When prompted by corat the ambiguous NP that could be interpreted a
textual or other information, this decision has tprocessing difficulty. Furthermore, though there
be revised. Under this account, the lack of pravas an ambiguity effect at the ambiguous NP ir
cessing difficulty in the biasing context-condiExperiment 2, it is much more likely that the
tion in the current experiment would have to beeading time difference here is caused by a re
explained by invoking very rapid revisionbound effect, since the effect was present in the
processes that cannot be reliably detected by theutral condition too, where no competition is
measurement apparatus used. However, anotlkegpected. There are two possible explanation
way in which the present findings can be accormof this apparent absence of competition effect:
modated within the garden-path/construalnder a constraint-based account. First, it coulc
framework is to conceive of the NP/S ambiguitype argued that the processor uses information ¢
as being amssociatiorambiguity, instead of an both topic-structure and the coarse-grained fre
attachment ambiguity. In association ambiguguencies to come to a decision. In this case |
ties, the parser does nattachthe ambiguous would be necessary to assume that the conte;
phrase (e.g., guided by minimal attachmental bias factor was much stronger than the fre
strategy) but rather associates it to the existimgiency factor, thus minimizing the amount of
phrase marker (or, to be more precise, to the cwempetition needed to resolve the ambiguity.
rent thematic processing domain), permittind\ternatively, if the more fine-grained frequency
nonsyntactic information, such as, in this cas&formation were available to the parser, to-
topic-structure information, to decide where thgether with topic-structure information, no com-
ambiguous phrase should be inserted (Frazierg#etition would be necessary, since the frequenc
Clifton, 1996, 1997). This would explain whyfactor does not bias toward either NP- or S-co-
there is an NP-coordination preference (i.e., berdination if grammatical function is taken into
cause of the principle of minimal topic-strucaccount.
ture), and also why it can be overruled by topic- It remains somewhat unclear what explana-:
structure information in the context. tion constraint-based models have to offer for
In another vein, proponents of constraintthe pattern of results at the connective itself,
based models may explain the basic NP-coordivhere we did not find any evidence for competi-
nation preference as being a consequence of ttien processes either. At the connective, NP- an
relatively high frequency with which the con-VP-coordination are the preferred options, de-
nective ‘and’ is used to coordinate NPs as conpending on the frequency measure used. Thi
pared to Ss (or VPs, for that matter), that is, itvill not provide any conflict between frequency
coarse-grained frequency measures are used.dmd topic-structure information in the neutral
explain the outcome of the present experieontext condition, since both NP- and VP-coor-
ments, the principle of minimal topic-structuredination are compatible with the expected
should be added to the list of constraints thabpic—comment structure. However, the ques-
have to be satisfied. However, since a basic fedon is why there is no sign of competition in the
ture of constraint-based models is that ambiguiasing context condition, where topic-structure
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information biases toward S-coordination. lor regularities in sentence processing. Thus, th
could be argued that the topic-structure informgrinciple of parsimony (i.e., choose the alterna-
tion contained in the biasing context only exertsve requiring the fewest changes to the existinc
its influence when the ambiguous NP is readjscourse model), which can be said to subsum
and not beforehand, since it only predicts both the principle of referential success and the
topic-structure, not a syntactic structure. Iprinciple of minimal topic-structure, may serve
other words, the duplex-topic context predictas a heuristic device to uncover other ways ir
only adescriptionof two entities, each perform- which pragmatic information can exert an influ-
ing a (separate) action, bubt the syntactic ence on sentence comprehension.
structure this description will take. Only when In conclusion, the experiments described here
the ambiguous NP is read will the processqresented clear evidence for the importance o
“recognize” it as a second topic and processtibpic-structure information in online sentence
accordingly. In that case, no competition is exprocessing and its immediate influence on ambi
pected at the connective either. guity resolution. Building on the work of Crain
As we have just argued, both gardenand Steedman (1985), this investigation of the
path/construal theory and constraint-based modble of topic-structure in ambiguity resolution
els can provide an account for the data from thehould be considered as another step toward ir
current experiments. But it is obvious that theegrating theories of pragmatics and models o
present findings also fit very well in the theoretsentence processing.
ical framework proposed by Crain and Steed- REFERENCES
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