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When a sentence such asThe model embraced the designer and the photographer laughedis read, the noun
phrasethe photographeris temporarily ambiguous: It can be either one of the objects ofembraced(NP-coor-
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dination) or the subject of a new, conjoined sentence (S-coordination). It has been shown for a number
guages, including Dutch (the language used in this study), that readers prefer NP-coordination over S-
nation, at least in isolated sentences. In the present paper, it will be suggested that NP-coordination is p
because it is the simpler of the two options in terms of topic-structure; in NP-coordinations there is on
topic, whereas S-coordinations contain two. Results from off-line (sentence completion) and online stu
self-paced reading and an eye tracking experiment) support this topic-structure explanation. The pro
difficulty associated with S-coordinated sentences disappeared when these sentences followed contex
ing a two-topic continuation. This finding establishes topic-structure as an important factor in online se
processing. © 2001 Elsevier Science
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extrasentential context can affect the syntac
processing of a subsequent sentence. In an in
ential article, Crain and Steedman (1985) dre
first sketch of how contextual information mig
be taken into account by the parser. For exa
ple, theirprinciple of referential successstipu-
lates that “if there is a reading that succeeds
referring to an entity already established in t
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course, then it is favored over one that does n
(p. 331). To illustrate, when presented with
sentence such as 1, readers will experience
cessing difficulty atto visit him again, because
they preferentially take thethat-clause as a
complement, instead of as a relative clause (e
Altmann, Garnham, & Dennis, 1992; Crain
Steedman, 1985).

The psychologist told the woman that he was
having trouble with to visit him again.

Crain and Steedman suggested that this pre
ence arises because such a relative clause is
erally used to restrict a set of possible refere
(e.g., in cases where there is more than 
woman present in the discourse context). 
sentences in isolation, as well as for context
which there is no referential ambiguity, the u
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,
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of a relative clause is rather unexpected, cau
the that-clause to be read as a complem
clause instead. However, if the discourse c
text were to contain two (or more) equally pla
sible referents for the woman, the preference
would switch in favor of the relative clau
reading.

Although Crain and Steedman’s model 
often referred to as a “referential” theory, an
fair number of studies have been conducte
test the principle of referential success (e.g.,
mann & Steedman, 1988; van Berkum, Brow
& Hagoort, 1999; Britt, 1994; Clifton & Fer
reira, 1989; Mitchell, Corley, & Garnham, 199
Murray & Liversedge, 1994; Ni, Crain, &
Shankweiler, 1996; Rayner, Garrod, & Perfe
1992; Spivey & Tanenhaus, 1998; Zagar, Py
& Rativeau, 1997), the scope of their theo
clearly goes beyond referential processing 
se. The principle of referential success is,
fact, merely a special case of the principle of
parsimony, in which it is stated that, in case 
syntactic ambiguity, the alternative that requi
fewest accommodations will be chosen, with 
commodations being changes to a model of
discourse.

In the present paper, a principle called 
principle of minimal topic-structurewill be pro-
posed, that can be viewed as another instan
the principle of parsimony. It will be argued th
this new principle is central to the resolution
a certain kind of structural ambiguity, name
the NP- versus S-coordination ambiguity. T
ambiguity arises in structures such as (2
where the photographercan be either part of th
direct object of embraced, as in (2b) (NP-coor
dination), or the subject of a conjoined senten
as in (2c) (S-coordination).

The model embraced the designer and the 
photographer. . . .

The model embraced [the designer and the 
photographer] at the party.

[The model embraced the designer] and 
[the photographer laughed].

Previous research (e.g., Frazier, 1987a)
shown that readers are initially inclined to i
terpret the ambiguous NP as part of a comp

(2a)

(2b)

(2c)
object, which causes them to incur processin
D SCHRIEFERS
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difficulty in S-coordinated sentences such
(2c). It has been argued that this conjoint-N
preference reflects the workings of a process
that chooses the simplest alternative in terms
syntactic structure. For instance, in the fram
work of garden-path/construal theory, a phras
marker describing NP-coordination requires t
fewest nodes and will hence be chosen by a
plication of the minimal attachment strateg
(Frazier, 1987b; Frazier & Clifton, 1996, 1997
Other theories, such as the constraint-bas
models, would explain the NP-coordinatio
preference as the outcome of a constraint-sa
faction process, in which different factors ma
provide different degrees of support for one
the other alternative (MacDonald, Pearlmutte
& Seidenberg, 1994; Tanenhaus & Trueswe
1995). In the case of the NP versus S-coordin
tion ambiguity, the most likely candidate t
play a role in this process is the frequency
the different structures involving the conne
tive. In a corpus consisting of one edition of th
Dutch daily newspaperTrouw, 61% of all oc-
currences ofen (’and’) that were analyzed (n5
406) were NP-coordinations, 16% were VP
coordinations, and 10% S-coordinations. How
ever, if we look atcontingentfrequencies, that
is, frequencies that take grammatical functio
into account, this picture changes quite rad
cally. Coordinated NPs functioning as gram
matical objects occur only 6% of the time; S
coordinations with two different subjects mak
up for a mere 7% of all cases, while VP-coord
nations are most frequent with 16%. So d
pending on the frequency measure used (i
coarse-grained or more fine-grained), co
straint-based models will predict either a stron
NP-coordination preference or a preference
VP-coordination, respectively. However, in th
paper, it will be proposed that the NP-coordin
tion preference is not primarily motivated b
syntactic simplicity or lexical frequency o
‘and’, but that it arises because readers cho
the alternative that is the least complex in term
of its topic-structure.

Topic-structure can be loosely defined as d
scribing the relation between thetopic of a sen-
gabout which information is given, and the “new”
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information that is expressed by a sentence
comment. The most common topic-structure
the so-calledtopic–commentstructure which is
typical for the vast majority of sentences in d
course (see Lambrecht, 1994, p. 132, for disc
sion and references). This structure is charac
ized by a subject serving as the topic, follow
by the comment, a predicate which “contain
the new information about the subject, such a
The woman walked to the car, wherethe woman
is topic andwalked to the caris the comment
Other topic-structures are theidentificational
structure, in which the “new” element is not th
predicate but an argument (e.g., ‘It was t
woman who walked to the car,’ where the info
mation is presented that it wasthe womanand
not, e.g.,the manwho walked to the car), an
thepresentationalstructure, in which the entir
sentence consists of new information (e.g.,
woman walked to a car,’ where the whole eve
is presented as a piece of new information).

What we would like to propose is that, in t
course of reading, readers construct a to
structure representation of the sentence at h
If a sentence appears discourse-initial or in 
lation, and if there are no explicit syntactic cu
regarding what is topic and what is not, t
reader will assume some kind of default, mini-
mal topic-structure. This hypothesis can be f
mulated into the principle of minimal topic
structure, as given in (3).

Principle of minimal topic-structure: In the 
absence of explicit contextual or syntactic 
cues regarding the topic-structure of a sentence,
assume the simplest topic-structure possible.

The most likely candidate for this minim
topic–structure is the topic-comment structu
which is characteristic for most sentences in 
course (Lambrecht, 1994). This seems to b
plausible assumption, since it is surely mo
common for a sentence to convey informat
about given discourse entities than for it to 
troduce new entities into the discourse, or to
port events out of the blue (Lambrecht, 199
More importantly, besides being the most f
quently used topic-structure, topic–comme
structure can also be considered the least com-
plextopic-structure in terms of the mental effo

(3)
needed in accommodating new referents or n
D STRUCTURES IN CONTEXT 101
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information: It only requires accommodatin
one topic, about which information is the
added. The identificational structure, on t
other hand, requires the accommodation of b
the topic anda certain set of other referents t
given topic is contrasted with. Furthermore, w
would like to speculate that topic–comme
structure is also less complex than the prese
tional structure, which is typically used to star
whole new story or a separate subpart of 
main story (Lambrecht, 1994). It seems reas
able to assume that processing new informa
and creating a new (part of a) discourse mo
require extra mental effort.

In conclusion, then, topic–comment structu
seems to be the most plausible default, minim
topic-structure. Consider, for example, the te
porarily ambiguous sentence (2c), repeated h
for convenience as (4).

The model embraced the designer and the 
photographer laughed.

For the writer of this sentence it is, of cours
absolutely clear that the sentence contains 
topics, the model and the photographer, w
each perform a distinct action. Readers, ho
ever, do not have this information, and on
when the last word (laughed) is read will they
know that this sentence is not a stand
topic–comment sentence with the modelas its
(sole) topic. Instead, when they reach the disa
biguating verb laughed, they will find out that
the photographer is not part of the commen
they might have assumed but that it is a topic
its own right, which means that they will have
accommodate the photographeras a second
topic in the sentence. This led us to the follo
ing hypothesis about the NP-coordination pr
erence in sentences such as (4): Readers d
prefer NP-coordination because of syntac
simplicity, or because of the connective and
being used more often in NP-coordinations,
they disprefer S-coordination when this in
volves having to complicate the assum
topic–comment structure by having to acco
modate the ambiguous NP as a second topic

If this explanation is true, then it should 
principle be possible to eliminate the process
difficulty in ambiguous S-coordinated sentenc

(4)
ewif we can devise contexts that change the ex-
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pected topic-structure of such sentences. C
sider the question in (5).

What did the model and the photographer do?

This question establishes both the modeland the
photographeras discourse entities about whi
something is going to be said: Both will be ve
likely to become topics of the following se
tence. Note that, initially, the reader could 
sume that the two entities togetherform a “du-
plex topic,” meaning that both might be taken
perform some action in concord. Indeed, a v
natural answer to the question in (5) would
something like ‘They drank a glass of cham
pagne’. However, when a subsequent sente
starts out with ‘The model. . .’ (instead of with
‘They . . .’), this might inform the reader tha
the actions of the entities involved will each 
discussed in their own right (i.e., as contrastive
topics; see Lambrecht, 1994). So by manipu
ing the context it should be possible to guide 
reader in adopting a nondefault topic-struct
for an S-coordinated sentence; a revision of
assumed topic-structure is no longer neces
and hence no processing difficulty is expecte

We will present studies showing that conte
such as (5) are effective in changing the top
structure of an upcoming sentence (Experim
1, gated completion) and that this change
topic-structure can eliminate the processing 
ficulty observed in S-coordinated sentences
isolation (Experiment 2, self-paced reading, a
m
i
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Experiment 3, eye tracking).

EXPERIMENT 1

Experiment 1 consisted of five fragment co
pletion substudies. The first two substud
looked at the completion of sentence fragme
in isolation, whereas the other three investiga
fragment completion in contexts biasing towa
either NP-coordination or S-coordination. To i
vestigate the strength of the NP-coordinat
bias at different points in the sentence, a ga
completion paradigm was used. Participa
were presented with three kinds of senten
fragments: (1) ending with the connective, as
‘The model embraced the designer and . . .’;
ending with the connective plus the article, ‘T

model embraced the designer and the . . .’;
ND SCHRIEFERS
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(3) ending with connective, article, and nou
‘The model embraced the designer and the ph
tographer . . .’ See Table 1 for an overview
the different substudies.

In the context conditions, “question-context
such as (6a), as well as “sentence-contex
such as (6b) were used to bias toward S-coo
nated completions.

The party at the end of the fashion show was 
very exciting. What did the model and the 
photographer do?

When they met the fashion designer at the 
party, the model and the photographer were 
very enthusiastic.

In both of these contexts, the two intended top
were presented as subject of the main clause
to the sentential contexts, since simply mentio
ing two discourse entities in a sentence does
ensure that these entities will serve as topic in t
next sentence, the context sentences had to
clearly “presentational,” in the sense that th
should place the two intended topics into the ce
ter of attention. According to Lambrecht (1994
the cataphoric use of a pronoun, such astheyin
the preposed subclause, will have the effect
emphasizing the importance of the entities
refers to (i.e., the model and the photographe
Such a cataphor construction belongs to t
same class of presentational devices as, for
ample, the well-known ‘Once upon a time . .
(Lambrecht, 1994). Using the cataphor constru
tion has the advantage of allowing for the intro
duction of a third important entity,the designer,
so that, when the context sentence has been r
each referent in the following target-senten
will have been properly introduced. As we sha
see, sentence-contexts proved to be as effec
as question-contexts in changing the expec
topic-structure of target-sentences.

Method

Participants. In total, 170 undergraduate stu
dents from the University of Nijmegen too
part. None of the participants in this experime
or in the other two experiments reported in th
paper, had previously taken part in experime
involving coordinated structures. The number
participants in each of the five completion su

(6a)

(6b)
orstudies can be found in Table 1.
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1e and the photographer . . . 4 32
Materials. In all substudies 16 experiment
sentence fragments were used, which were
sentially the same for each substudy (i.e., exc
for their cutoff point, see below). All materia
of this and subsequent experiments were
Dutch. An example of an experimental fragm
is given in 2.1 in Table 2. The slashes indic
the three points where fragments ended. In
context substudies, four contexts were c
structed for each sentence fragment. See Ta
for examples. Each of these contexts was 
signed to promote either a “simplex” or a “d
plex” topic continuation. A simplex topic con
tinuation would be a continuation with just o
topic (i.e., the referent that is already presen
the sentence fragment,the model). Such a con-
tinuation may take the form of a VP-coordin
tion, of which (7a) is an example, or an NP-c
ordination, as given in (7b). A duplex top
continuation would contain two topics an
would take the form of a sentence-coordinat
with two topics, as in (7c) (literal translations 
apostrophes).

De mannequin omhelsde de ontwerper en 
verliet het feest.
‘The model embraced the designer and left 
the party.’

De mannequin omhelsde de ontwerper 
en de fotograaf op het feest.
‘The model embraced the designer and the 
photographer at the party.’

De mannequin omhelsde de ontwerper 
en de fotograaf lachte.
‘The model embraced the designer and the 
photographer laughed.’

All duplex-topic sentence contexts had the fo

(7a)

(7b)

(7c)
of sentence 2.4 in Table 2 and consisted of
l
es-
pt

in
nt
te
he
n-
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e-
-

e
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n

preposed subclause followed by a main clau
The subclause always started with a connec
(when, because, while, etc.) and contained
plural (cataphoric) pronoun, the NP that will b
come the object NP in the target-sentence
verb, and sometimes some adverbial mater
The main clause consisted of a verb-phra
starting with the main verb, followed by the NP
coordinated subject (i.e., referring to the tw
entities that are the intended topics of the targ
sentence) and one to seven extra words. A s
plex-topic sentence context contained the sa
words, but in a different order, as shown in se
tence 2.2 in Table 2. Here, the intended topic
the next sentence,the model, is contained in the
main clause, whereas the other two entities
present in the subclause. Question-contexts c
sisted of an introductory declarative senten
followed by a short question, in which eith
one (simplex-topic condition; 2.3 in Table 2)
two (duplex-topic condition; 2.5 in Table 2) en
tities were mentioned.

In all substudies, 22 filler fragments of var
ing syntactic structure were added to the exp
mental fragments (e.g.,The sultan banned th
rebel . . .). In the context substudies, all of t
fillers were preceded by contexts, half of wh
resembled a sentence context, while the o
half consisted of a declarative sentence follow
by a question.

Design and procedure. In substudy 1a, 16 ex
perimental fragments ending with ‘and . . .’
were pseudo-randomly interspersed among
filler items (allowing maximally two experimen
tal items in consecutive order). The order
items was the same for each participant. For s
PROCESSING COORDINATED STRUCTURES IN CONTEXT 103

TABLE 1

Features of the Five Completion Substudies of Experiment 1

Context type Substudy Fragment ending No. lists No. participan

No context 1a and . . . 1 16
1b and the . . . 2 26

and the photographer . . .

Context 1c and . . . 4 52
1d and the . . . 4 44
astudy 1b, two lists were constructed with equal
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t.

Note. Slashes in the example sentence fragment indicate where the fragments ended in the different completion studies.
numbers of fragments occurring in each con
tion (i.e., fragments ending with ‘and the. . .’
and fragments ending with ‘and the photogra-
pher. . .’). A list contained only one version o
each fragment, fragments were presented in
same order as in substudy 1a, together with
same fillers, and each list was seen by an eq
number of participants. The three context su
studies 1c to 1e each targeted a different type
fragment (i.e., ‘and . . .’ in 1c, ‘and the. . .’ in
1d, ‘and the photographer. . .’ in 1e). For each
of these substudies, four lists were created us
a Latin Square, with equal numbers of senten
occurring in each condition (i.e., the four co
text conditions: simplex-topic sentence conte
simplex-topic question context, duplex-top
sentence context, and duplex-topic quest
context). A list contained only one version of
context condition, with experimental and fille
fragments appearing in the same pseudo-r
dom order as in the previous studies. In ea
particular substudy, each list was seen by
equal number of participants.

Participants were instructed to read the fra
ments carefully and to write down the fir
grammatical and meaningful continuation th
came to mind. At the same time it was stres
that this completion should result in a cohere
and plausible sentence (no-context condition

story (context conditions).
i-

he
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Results and Discussion
Continuations were assigned one of four ca

gories, VP-coordination (e.g.,The model em
braced the designer and left the party), NP-
coordination (e.g.,The model embraced the d
signer and the photographer at the party), S-co-
ordination (e.g.,The model embraced the d
signer and the photographer laughed), and
finally the category Unclassifiable, for ambig
ous or ungrammatical responses. The result
Experiment 1 are presented in Table 3.

A number of important findings emerge
from this completion experiment. First, clear e
idence was found for the viability of the princ
ple of minimal topic-structure. In sentence fra
ments presented without any context,
majority of completions were of the simple
topic kind. In the case of fragments ending w
‘and . . .’ (substudy 1a), this was generally a
complished by producing VP-coordinatio
(86%). The reason for this preponderance
VP-coordinations might be related to the f
quency with which en(‘and’) occurs in different
syntactic structures. Recall that, in a Dutch c
pus, 16% of all structures containing en were
VP-coordinated, versus 6% with coordinat
NPs, at least if we look at the fine-grained me
ures. On the other hand, VP-coordination mi
104 HOEKS, VONK, AND SCHRIEFERS

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 enthousias

‘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?
matic) reasons that remain to be identified. After
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and the photographer . . . 0 (0) 19 (4) 80 (4) 1e
all, there must be an explanation of whyVP-co-
ordination occurs more frequently than NP-c
ordination. When VP-coordination was elim
nated as a possibility, however, as in 
fragments ending with ‘and the . . .’ or ‘and t
photographer’ (substudy 1b), NP-coordinati
was clearly the favored option (over 80%).

The second important result was the eff
tiveness of duplex-topic contexts in promoti
S-coordination completions with two topic
The largest effect of this kind of context w
present in the fragments ending with ‘and 
photographer . . .’ (substudy 1e), where 80%
the completions were S-coordinations, again
mere 19% of NP-coordinations.

Finally, simplex-topic contexts predom
nantly biased toward VP-coordinations in t
fragments ending with ‘and . . .’ (substudy 1
and toward NP-coordinations in the fragme
containing the full NP (substudy 1e). In the ‘an
the . . .’ case (substudy 1d), however, there w
also a clear number of S-coordinated comp
tions, ranging from 40% in the sentence co
texts to 51% in the question contexts. It is pos
ble that the mere presence of a great m
S-coordinations, given in response to the d
plex-topic contexts of the same list, counte
acted the expected bias toward NP-coordinat

In sum, sentence fragments containing and

(i.e., en in the Dutch materials) are preferab
o-
i-
he
e

completed in a way preserving the topic–co
ment structure with one and only one topic, th
is, as VP-coordinations or as NP-coordination
just as was predicted by the principle of minim
topic-structure. However, the results from th
PROCESSING COORDINATED STRUCTURES IN CONTEXT 105

TABLE 3

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

Context type Fragment ending 2VP 2NP 2S Substu

No context and . . . 86 (4) 9 (3) 5 (2) 1a
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) 1c
and the . . . 3 (2) 56 (8) 40 (8) 1d
and the photographer . . . 0 (0) 76 (5) 23 (5) 1e

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) 1e

Duplex-topic, sentence context and . . . 55 (6) 2 (1) 37 (8) 1c
and the . . . 0 (0) 15 (4) 76 (5) 1d
and the photographer . . . 0 (0) 18 (5) 80 (5) 1e

Duplex-topic, question context and . . . 42 (6) 1 (3) 51 (6) 1c
and the . . . 2 (9) 11 (2) 77 (3) 1d
c-
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modulated by duplex-topic contexts.

EXPERIMENT 2

The results of Experiment 1 showed tha
sentence and question contexts were both
fective in manipulating the topic-structure o
ambiguous sentence fragments. In Experime
2, we investigated whether this manipulatio
of topic-structure can eliminate the processin
difficulty observed in temporarily ambiguous
S-coordinations presented without a conte
(Frazier, 1987a; Frazier & Clifton, 1997). Sen
tence (8a) shows an example of a temporar
ambiguous target sentence (the literal Engli
translation is given in apostrophes). Thes
sentences were compared with unambiguo
(S-coordinated) control sentences such as (8
created by adding a comma to the object N
the designer.

De mannequin omhelsde de ontwerper 
en de fotograaf opende lachend een fles 
champagne.
‘The model embraced the designer and the 

(8a)
ly
photographer opened smilingly a bottle of 
champagne.’
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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 cham-
pagne.’

It should be noted that in Dutch (the langua
used in the present experiments), there are
strict rules regarding the placement of a com
in S-coordinated sentences (Geerts, Haese
De Rooij, & Van den Toorn, 1984; Renkem
1979). There is, however, a general habit of 
putting commas before en (’and’) in conjoined
sentences, and it is definitely not acceptabl
use a comma in cases where two NPs are 
joined. So the absence of a comma does not
vide much useful information regarding t
structure of a sentence, whereas its presence
nals that S-coordination (or VP-coordinatio
for that matter) is very likely but NP-coordin
tion is highly improbable. Any processing dif
culty in the ambiguous sentence will thus sh
up as a difference in reading times when co
pared to the unambiguous control sentence.

For each experimental sentence, two kind
critical context-sentences were constructed
biasing context and a neutral context. The b
ing context-sentences (i.e., biasing toward 
unpreferred S-coordination reading) had 
same structure as the duplex-topic sentence 
texts described in Experiment 1. These bias
contexts were contrasted with neutral conte
in which none of the protagonists is mention
as in (9).

It was not surprising that the party after the 
fashion show was exhilarating.

The choice to use neutral contexts instea
the simplex-topic contexts from Experiment
was based on the assumption that using a ne
context would provide the strongest test of 
principle of minimal topic-structure, since su
a context contains no clue whatsoever as to
topic-structure of the next sentence. Read
will apply the default topic-structure only in a
neutral context, while a simplex-topic conte
may already guide the reader toward a simp
topic reading in the next sentence. Furtherm
using neutral contexts will enable us to direc
compare the results with the outcome of ear

(8b)

(9)
studies, where sentences did not have a con
ND SCHRIEFERS
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at all (e.g., Frazier, 1987a). One potential pro
lem is that these neutral contexts may make
target-sentences somewhat infelicitous, but
fact, these sentences are no more infelicit
than if they were presented in isolation. Furth
more, by setting a specific scene (e.g., a fash
show), the neutral contexts make the introd
tion of specific, scene-related referents in 
target-sentence easier than if they were p
sented out of the blue. Nevertheless, it must
acknowledged that target-sentences follow
biasing contexts are more felicitous than tho
following neutral contexts, since the entities 
ferred to by definite NPs (e.g., the designer a
the photographer) have been mentioned in 
biasing contexts but not in the neutral ones. 
will come back to this issue when we discuss 
results of Experiments 2 and 3.

The following predictions are made. The N
coordination bias that was shown to affect 
processing of temporarily ambiguous S-coor
nations presented in isolation (Frazier, 198
Frazier & Clifton, 1997) will also cause pro
cessing difficulty in sentences preceded b
neutral context, since such a context contains
information as to how to process the next s
tence. Readers will, in the absence of clear c
fall back on the strategy of applying a defau
minimal topic-structure to this sentence (i.e.,
sume a topic–comment structure with only o
topic) and will run into trouble when a disam
biguating verb appears, telling them that the a
biguous NP is a topic too. There will be no pr
cessing difficulty in sentences embedded in
biasing duplex-topic context, since this conte
makes it clear from the beginning that the a
biguous NP will be a topic.

Method

Participants. The participants were 32 unde
graduate students from the University of N
megen; all were paid for taking part in the e
periment.

Materials. A set of 48 experimental sentenc
were constructed, all of which were senten
coordinations (16 of these sentences w
formed on the basis of the sentence fragme
used in Experiment 1). All sentences were of 
textfollowing structure: [NP–Verb–NP]–connec-
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tence). When the button was pushed, the asterisk
PROCESSING COORDINAT

tive–[NP–Verb–Adverb–NP]–rest of the se
tence. In the control sentences a comma 
added to the second NP (i.e., the object N
The postverbal adverb in the clause follow
the connective was included to “focus” possi
spillover effects originating from the disam
biguating verb on a single content-word, inste
of on a NP (i.e., article plus noun). This is re
tively unimportant for the self-paced reading
Experiment 2, since the article and the noun
the postverbal NP were presented togethe
one segment. However, it might be important
the replication with eye tracking in Experime
3, since a content word is less likely to 
skipped than an article, making measuremen
spillover effects more straightforward. For ea
of the experimental sentences, biasing and 
tral contexts were created, consisting of a le
in sentence, a neutral or a biasing context-s
tence, the target-sentence, and an exit-sente
For examples see Table 4.

Besides the 48 experimental sentences
volving S-coordination, the reader was also p
sented with 48 filler sentences which cont
NP-coordinations, in order to minimize th
chance that participants would develop stra
gies or grow accustomed to S-coordinatio
For half of these filler sentences, contexts w
produced in which two protagonists were 
plicitly mentioned, just as in the biasing cont
condition. Note that in “biasing” filler items, th
critical context leads the reader to expect 
the next sentence will contain two topics, but 
subsequent filler sentence only provides o
The filler sentence is thus infelicitous in the
stories. The main reason for including these 
ries, despite their infelicity, was to prevent p
ticipants from using strategies. For the same 
son we also constructed 24 “neutral” fill

stories. See Table 5 for sample filler item
There were no other fillers in this experimen1

1 No comprehension questions were used in this expe
ment. In an unpublished study, we tested whether add
comprehension questions would affect the reading behav
of participants, especially with respect to the size of the ga
den-path effect ensuing from the NP/S ambiguity in se
tences presented in isolation. Two self-paced reading exp
iments were conducted on identical materials, where one
the experiments contained content questions, whereas
D STRUCTURES IN CONTEXT 107
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The materials for the practice session consi
of one story with an NP-coordinated target s
tence, one story with an S-coordinated tar
and a story not containing coordinations.

Design. The experimental and filler storie
96 items in total, were divided into four bloc
of 24 stories each. There were two factors in 
experiment: (1) ambiguity (of the target se
tence), with the levels ambiguous (witho
comma) and control (with comma), and (2) c
text type, with the levels bias (duplex topic) a
neutral. Each experimental item appeared in
four conditions created by crossing these 
tors. Ambiguity and context type are theref
within-item factors. Four experimental lis
were created using a Latin Square, with eq
numbers of items occurring in each condition
each list, and with no list containing more th
one version of a given item. The order in wh
experimental and filler items appeared in e
list was determined semirandomly (i.e., allo
ing maximally two experimental items in co
secutive order, but never in the same condit
and was the same for all four lists. Each list w
presented to an equal number of participa
and each participant only saw one list.

Procedure. Participants read the stories s
ment-by-segment, in a noncumulative mov
window fashion (Just, Carpenter, & Woolle
1982). The texts were segmented so as to 
no more than 3 words and no more than 25 c
acters in each segment. Care was taken to 
segments correspond to syntactic constitu
(e.g., NPs, PPs) and not to mix, for examp
verbs and NPs. Each story was preceded b
asterisk on the left-hand side of the screen, i
cating where the story would begin (i.e., the 
sition of the first segment of the lead-in s
s.
t.
disappeared and the first segment of the lead-in

ri-
ing
ior
r-

n-
er-
of
the

other did not. In both experiments a significant garden-path
effect was found, which was slightly larger (i.e., 11 ms) in
the experiment containing content questions. Apart from
that, the results from both experiments were virtually identi-
cal. This finding that the reading behavior of the participants
in these experiments is influenced only to a small extent by
the presence of comprehension questions suggests that it is
possible to study reading behavior without adding a second
task.
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as shown in example (10) (translated literally

se mode-

world of

ook heel

usiastic.’

In the experimental materials, either the neutral or the biasing context-sentence was presented. The comma in parenthe-
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 s
ments each character (including all punctuat
marks except the full stop) was replaced b
hyphen. The next button-press revealed the 
segment of the sentence, while changing 
characters of the first segment to hyphens,
so forth. For practical reasons related to 
planned replication using eye tracking (such
the concern that the occurrence of blinks will 
crease when texts are presented as compar
Exit sentence It was the start of a wonderful day.
g-
n

 a
xt
e

nd
e
s
-

of Experiment 3), all stories were presented
two parts: the lead-in sentence was presen
first, and after a 350-ms delay, the rest of t
story was shown. The critical region of the ta
get-sentence, consisting of the disambiguat
verb, the postverbal adverb, and an object N
always appeared at the end of a line, while 
subsequent prepositional phrase appeared on
next line. All target-sentences were segmen
108 HOEKS, VONK, AND SCHRIEFERS

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 Parij

wereld.
‘The new collection of evening dresses that was presented that night, really struck home in the fashion 
Paris.’

Neutral contexta

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 contexta

4.3 Toen ze na afloop de modeontwerper op de party ontmoetten, waren de mannequin en de fotograaf dan
enthousiast.
‘When they met the fashion designer at the party afterward, the model and the photographer were very enth

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.’

a 
he event.
ssive uni-

f steam.

ce in the

ere very
single sentences; see also the procedure sectionfrom 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 t
Target sentence The little boy admired the conductor and the engine-driver because they wore such impre

forms.

Exit sentence With his mouth wide open he looked at the shining locomotive which puffed out large clouds o

Biasing filler
Lead-in sentence Fashion house Antje had provided the dress for the wedding ceremony that was taking pla

town hall.
Critical context When they saw the beautiful dress the bride was wearing, the civil servant and the groom w

impressed.
Target sentence The civil servant congratulated the bride and the groom while the guests cheered.
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The model / embraced / the designer / and / 
the photographer / opened / smilingly / 
a bottle / of champagne./

Before the experiment started, participa
were given written instructions. In the instru
tions it was stressed that each story should
read carefully and at a normal speed. In orde
“explain” the stories being presented in tw
parts, and also to keep participants from foc
ing on the syntactic and topic-structure aspe
of the materials, participants were told that 
goal of the experiment was to determine h
people process the relation between a lea
sentence and the following story. Note that t
lead-in sentence never contained any synta
or topic-structure cues. After a practice sess
consisting of three stories, the experim
started. The experiment took 30 to 45 min.

Results

First, the reading time data were screened
errors and outliers. All reading times less th
50 ms and greater than 4000 ms were exclu
After this preliminary screening, all observ
tions were excluded which deviated more tha
SDs from both the participant and the ite
means of each segment in each condition; 1%
the original observations were removed by th
procedures.

For each segment in the target sentence 
sets of analyses were performed. In one ana
participants were treated as a random factor,

(10)
an F1-ANOVA was conducted on the means fo

Final word 639
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each participant. In the other analysis, the ite
were treated as the random factor and an F2-
ANOVA was conducted on the means for ea
item. The factors ambiguity (ambiguous vs co
trol) and context type (bias vs neutral) we
treated as within-participants and within-item
factors.

In our discussion of the results we will prim
rily focus on three regions, the disambiguati
verb (opened) and the two postdisambiguat
regions (smilingly/a bottle). Mean reading tim
per segment are displayed in Table 6 and 
presented graphically in Fig. 1.

1. Disambiguating verb. At the disambiguat-
ing verb opened, there was no significant inte
action of ambiguity and context type (both Fs ,
1), and neither was there a main effect of am
guity (both p-values . .11). The factor context
type, however, had a significant main effe
(F1(1,31) 5 7.06, MSe 5 1109, p , .05;
F2(1,47) 5 5.19,MSe 5 2059,p , .05), indicat-
ing that disambiguating verbs were read fas
when the sentence was embedded in a bia
context (a difference of 15 ms).

2. Postdisambiguation regions. At the adverb
smilingly, the interaction of ambiguity and
context type was significant (F1(1,31) 5 6.62,
MSe 5 501, p , .05; F2(1,47) 5 5.48,MSe 5
942, p , .05). This interaction arose becau
of a significant effect of ambiguity in the neu
tral context condition, where ambiguous se
tences were read 17 ms more slowly than c

rtrols (F1(1,31) 5 4.69, MSe 5 937, 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 385 405 384 391
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
646 662 629
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FIG. 1. Mean reading times per region (ms), as a function of ambiguity and context type in Experiment 2.
Neutral 5 neutral context condition; Bias 5 biasing context condition.
F2(1,47)5 6.63,MSe 5 1066,p , .05), while
there was no ambiguity effect in the biasi
context condition (a 4-ms difference in th
other direction; bothFs , 1). There were no
significant main effects. On the subsequent
a bottle, there was no significant interactio
nor were there significant main effects (
Fs , 1).

3. Other regions. At the object-NPthe de-
signer, where a comma was present in the c
trol sentences, no significant interaction of co
text type and ambiguity emerged (bo
p-values. .20), nor was there a main effect
context-type (bothFs , 1). Object NPs were
read 19 ms more quickly in ambiguous than
control sentences, which was significant in
analysis by items and marginally significant
the analysis by participants (F1(1,31) 5 3.49,
MSe 5 3248,p 5 .07; F2(1,47)5 7.19,MSe 5
2358,p , .05). The same pattern of results w
found for the reading time pattern at the co
nective, where there was no significant inter
tion of context type and ambiguity (bothp-val-
ues. .20), and no main effect of context typ
(both p-values. .10). The effect of ambiguity
was marginally significant in the analysis
participants but was significant in the item
analysis (F1(1,31) 5 3.11, MSe 5 1982, p 5

.09; F2(1,47) 5 8.20, MSe 5 1254,p , .01),
g
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with longer reading times (14 ms) for the co
nective in the control sentences.

At the ambiguous NP the photographer, there
was no significant interaction of ambiguity a
context-type. The main effect of ambiguity w
significant in the item-analysis and margina
significant by participants (F1(1,31) 5 2.82,
MSe 5 2004,p 5 .10; F2(1,47) 5 6.44,MSe 5
1407,p , .05): Ambiguous NPs were read 1
ms more slowly in ambiguous than in contr
sentences. The main effect of context type (a
biguous NPs in a biasing context are read 10
faster than in a neutral one) almost reached 
nificance (F1(1,31) 5 4.09,MSe 5 926,p 5 .05;
F2(1,47) 5 3.48,MSe 5 1444,p 5 .07). No sig-
nificant effects were found at the sentence-fi
region of champagne(all p-values . .10).

Discussion

The interpretation of the results from this e
periment is straightforward. We found clear e
dence for processing difficulty in temporari
ambiguous S-coordinations embedded in n
tral contexts. Reading times for the first postd
ambiguation region (i.e., the adverb) were 17 
longer in the ambiguous condition as compa
to the unambiguous control condition. More im
10 HOEKS, VONK, AND SCHRIEFERS
in the biasing contexts eliminated this process-
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Materials and design. The materials of Exper-
iment 2 were used, with some minor changes.2

2 The wording of some of the stories was changed slightly
to facilitate reading by replacing some rather low-frequency
words and by altering some formulations. We did not make
any changes in the critical region of the experimental sen-
PROCESSING COORDINAT

ing difficulty. This provides strong support f
our analysis of the NP-coordination preferen
in terms of topic-structure simplicity.

The fact that the crucial interaction betwe
ambiguity and context type was found o
word downstream from the disambiguati
verb (i.e., the adverb) comes as no real surpr
since this “delayed” effect is a common findin
in the sentence processing literature with reg
to self-paced reading experiments. Though
numerical pattern is already present at the
ambiguating verb (i.e., a 14-ms difference
the neutral condition compared to a 5-ms diff
ence in the biasing condition), it only reach
significance one word later.

One notable aspect of these data is that
reading times for the ambiguous sentence
the biasing context barely differ from those 
the control sentences in the neutral condi
(i.e., from the object NP until the postadverb
NP). This pattern of results is most likely the 
sult of the object NP and the ambiguous NP
the target sentence having already been in
duced in the biasing context but not in the n
tral context condition. It is less likely that th
same thing is happening at the disambigua
verb and the postdisambiguating regions, wh
have not been mentioned earlier. There, the
sence of reading time differences (i.e., betw
the ambiguous sentence in the biasing con
and the control sentence in the neutral cont
seems to show that the topic-structure manip
tion is as effective as an explicit syntactic sig
such as the comma in disambiguating tempo
ily ambiguous sentences.

Finally, there is the effect of ambiguity at t
ambiguous NP, where reading times were so
14 ms longer for ambiguous NPs in ambigu
sentences than in unambiguous controls. 
size of the ambiguity effect was approximat
the same for both neutral and biasing conte
One explanation would be that, since VP-co
dination is the preferred continuation at the c
nective (see Experiment 1, substudies 1a 
1c), readers, expecting a finite verb, will expe
ence processing difficulty when encountering
NP instead. This would explain the effect be
present in both context conditions. However,

same must then be predicted to happen in 
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control sentences (containing a disambiguat
comma), since the presence of the comma d
not in any way preclude a VP-continuation 
ther (at least not in Dutch). So if the effect we
present in both ambiguous and control s
tences, we would not have observed any relia
effect of ambiguity. We will return to this issu
in the discussion of Experiment 3.

Summarizing, the topic-structure manipul
tion in the context successfully eliminated t
processing difficulty associated with readi
temporarily ambiguous S-coordinations, whi
was present when the same S-coordinati
were embedded in neutral contexts. The next
periment will show that the principal resul
from Experiment 2 can be replicated with e
tracking, indicating that these findings are 
bust and not attributable to the use of a spec
on
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experimental method.

EXPERIMENT 3

Experiment 3 is a replication of the se
paced reading experiment discussed in the 
vious section. In the present experiment e
tracking was used, since this technique perm
normal, uninterrupted reading, while at th
same time providing a more time-sensiti
measure of processing than self-paced read
This is important because we are interested
finding the earliest point in the sentence wh
the processing difficulty in the neutral conte
condition becomes manifest. Recall that in E
periment 2, the crucial interaction of ambigu
and context-type was found not on the disa
biguating verb but one word later.

Method

Participants. The participants were 32 unde
graduate students from the University of N
jmegen, who were paid for participation. All ha
normal, uncorrected vision.
thetences, i.e., from the disambiguating verb onward.
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leaving that region to the right,plusall the time

3 Since reading time measures pertaining to the connec-
tive en (‘and’) itself were unstable because it was skipped
more than 83% of the time, we performed additional analy-
ses in which it was added to either the preceding region (ob-
ject NP) or the following region (ambiguous NP). The re-
sults of both analyses did not differ from what will be
112 HOEKS, VONK, A

One line on the screen corresponded to ma
mally 80 characters. Characters appeared
Courier New, size 12. All experimental sen
tences had at least three words following the d
ambiguating word on the same line. The sa
design was used as in Experiment 2.

Apparatus. Stimuli were presented on a
NEC MultiSync 5FG computer monitor. View
ing distance was 85 cm, making 1° of visu
angle equivalent to 4.4 character positions. E
movements were recorded using an AmTe
ET3 eye tracker (Katz, Mueller, & Helmle
1987). Both X and Y positions were collected
with a sample frequency of 200 Hz and a spa
resolution of 0.25°. Only the movements of t
right eye were recorded. Head movements w
minimized by the use of a bite-bar, combin
with a chin and forehead rest.

Procedure. Participants were tested individu
ally in a session of approximately 1.5 h. At t
start of the session it was verified that parti
pants indeed had normal vision, and a bite-
was prepared for each individual participa
After a short instruction concerning calibratio
the eye tracker was adjusted to the particip
and the calibration routine was practiced. Th
the participant received the instructions for t
experiment. It was stressed that it was import
to read the stories carefully and at normal spe

The experiment consisted of four blocks of 
stories each, with a preceding practice sess
of three stories. After two blocks, the participa
was invited to take a short break. All bloc
were preceded by a calibration routine, whi
was inspected off-line. When this calibratio
was deemed satisfactory, the experiment p
ceeded. Stories were presented in two pa
First, the lead-in sentence was shown, prece
by a screen with an asterisk, indicating the ex
location of the beginning of this sentence. Wh
the participant pushed the button after hav
finished reading the lead-in sentence, the s
tence disappeared from the screen, and the
of the story was shown. This second part w
presented at exactly that location on the scr
where the reader would normally continue rea
ing (i.e., beginning at the leftmost position 
the line beneath the lead-in sentence), just a

Experiment 2. As was noted in the Procedure
D SCHRIEFERS
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Experiment 2, the main reason to divide the s
ries into two parts was a concern about bli
artefacts in the eye-tracking signal. In order
minimize the occurrence of blinks during t
important parts of the story (i.e., the critical co
text sentence and the target sentence), pa
pants were asked not to blink during the sec
part of the story; blinking was allowed at the 
terisk or during the lead-in sentence.

Each story was preceded by a short recali
tion routine, by means of which the data co
be corrected for possible shifts in the part
pant’s head position.

Results

For analysis purposes, all target senten
were divided into regions of one or more wor
as in (11). These analysis regions were ident
to the segments described in Experiment 2.

The model / embraced / the designer / and /
the photographer / opened / smilingly /
a bottle / of champagne. /

Only the italicized regions were analyzed.3 For
every region three dependent measures w
calculated: first-pass regressions (hereafter,
gressions), first-pass reading time, and reg
sion-path duration (RPD). Regressionsare de-
fined as regressive eye movements origina
from a particular region when visiting that r
gion for the first time, provided that that regi
was not skipped on an earlier pass through
sentence. Regression percentages are base
the number of times a region was actually fi
ated in first-pass reading. The first-pass reading
time is the time spent in a region before leav
that region to the right or to the left, provid
that the reader enters that region for the fi
time, and that the region was not skipped on
earlier pass through the sentence. And fina
regression-path durationwas computed as th
time spent in a region in the first pass bef

(11)
 ofreported below.
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spent in regressing to earlier parts of the s
tence (see also Brysbaert & Mitchell, 199
Konieczny, Hemforth, Scheepers, & Strub
1997; Liversedge, Paterson, & Underwoo
1997; Traxler, Pickering, & Clifton, 1998).

In the computation of first-pass reading tim
and RPD, the duration of the saccades (i.e.,
tween the fixations which contributed to the
measures) was included. In other words, “ti
spent” was taken as a variable, instead of “s
of fixation durations,” since it is rather implaus
ble that lexical and supralexical process
stops during saccades (cf. Cozijn, 2000; Irw
1998; see also Rayner, 1998).

All observations were excluded which de
ated more than 3 SDs from both the participan
and the item means of each region in each c
dition. Approximately 1% of the original obse
vations were removed. The subsequent sta
cal analyses were the same as those describ
Final region
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in Table 7. The results for first-pass readi
times are presented graphically in Fig. 2.

In discussing the results for each region, w
will concentrate on the findings with respect 
first-pass reading time. After that, the results f
regressions and regression-path duration will
discussed in a more global way.

First-Pass Reading Time

1. Disambiguating verb. At the disambiguat-
ing verb, a significant main effect of contex
type (F1(1,31) 5 4.96, MSe 5 1012,p , .05;
F2(1,47) 5 4.33, MSe 5 1998, p , .05)
emerged, as well as a marginally significa
main effect of ambiguity (F1(1,31) 5 3.13,
MSe 5 1498,p 5 .09; F2(1,47)5 3.33,MSe 5
2403, p 5 .07). However, these main effect
were further qualified by the presence of a si
nificant interaction between ambiguity an
context-type (F (1,31) 5 5.15, MS 5 738,
1 e

 (ms) per
Experiment 2. Means for all measures are givenp , .05; F2(1,47) 5 4.74, MSe 5 2174, p ,

TABLE 7

Means of First-Pass Reading Time (ms), First-Pass Regressions (Percentages), and Regression-Path Duration
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
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. Neutral5 neutral context condition; Bias5 biasing context condition.
.05). In the neutral context condition, first-pa
reading time at the verb was significan
longer (23 ms) for ambiguous sentences th
for control sentences (F1(1,31) 5 6.50,MSe 5
1303,p , .05; F2(1,47) 5 7.31,MSe 5 2493,
p , .05). No such effect (1 ms difference
emerged in the biasing context condition (bo
Fs , 1).

2. Postdisambiguation regions. At the post-
verbal adverbsmilingly, only the main effect of
context type was significant: First-pass read
time on the adverb was 15 ms longer in neu
contexts than in biasing ones (F1(1,31)5 6.40,
MSe 5 1009,p , .05; F2(1,47)5 4.80,MSe 5
1568,p , .05). There were no other significa
effects (allFs , 1). At the next region,a bottle,
there were no significant effects at all (allp-val-
ues. .14).

3. Other regions. At the object NP the de-
signer, the effect of context type was significa
by participants and marginally significant 
items (F1(1,31) 5 5.12,MSe 5 1002,p , .05;
F2(1,47) 5 2.86,MSe 5 2013,p 5 .10), indicat-
ing a trend for object NPs to be read faster 
ms) in biasing contexts than in neutral conte
The main effect of ambiguity was not signi
cant, nor was there a significant interaction 
Fs , 1). There was a marginally significa
main effect of context type on the ambiguo

NP the photographer: First-pass reading time
s
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tended to be longer for ambiguous NPs in n
tral contexts than in biasing contexts. This d
ference (18 ms) was significant by participa
and almost significant by items (F1(1,31) 5
8.05, MSe 5 1335,p , .01; F2(1,47) 5 3.75,
MSe 5 3101,p 5 .06). There were no other e
fects (all p-values . .15). At the sentence-fina
region of champagneno significant effects were
found (all Fs , 1).

Regressions

Only a few differences in the first-pass regre
sions came close to being significant. First,
the object NP, comma-placement seemed
slightly increase the occurrence of regressio
The main effect of ambiguity (a 3% difference
was significant by participants, but not by item
(F1(1,31)5 5.23,p , .05;F2(1,47)5 1.74,p 5
.19). There was no significant main effect
context type, nor was there an interaction of co
text type and ambiguity. Second, at the ambig
ous NP the interaction of ambiguity and conte
type almost reached significance (F1(1,31) 5
3.59,p 5 .07;F2(1,47)5 3.02,p 5 .09), proba-
bly reflecting the rather small number of regre
sions in the control-sentences embedded in a
asing context, as compared to the other th
conditions, which also gave rise to a margina
significant main effect of ambiguity (F (1,31)5
114 HOEKS, VONK, AND SCHRIEFERS
1

3.22, p 5 .08; F2(1,47) 5 3.39, p 5 .07). Fi-
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nally, the marginally significant main effect fo
context type at the postadverbial NP sugges
that readers make slightly more regressio
(2%) in neutral contexts than in biasing conte
(F1(1,31)5 3.44,p 5 .07;F2(1,47)5 3.79,p 5
.06). No other effects approached significanc

Regression-path duration. Regression-path
duration numerically showed the same patt
of results as first-pass reading time, but the
fects were statistically less reliable. No sign
cant interaction between ambiguity and conte
type was found anywhere in terms 
regression-path duration. A number of main 
fects were significant or marginally significan
At the disambiguating verb, the effect of conte
type (i.e., verbs in neutral contexts showi
longer regression path durations than in bias
contexts, a difference of 20 ms) was signific
by participants and marginally significant 
items (F1(1,31) 5 4.31,MSe 5 2944,p , .05;
F2(1,47) 5 2.79,MSe 5 6472,p 5 .10), while
the main ambiguity effect (verbs in ambiguo
sentences take 15 ms longer than controls) 
marginally significant by items but not signi
cant by participants (F1(1,31) 5 1.74, MSe 5
4027,p 5 .20; F2(1,47) 5 3.66,MSe 5 3205,
p 5 .06). As for the postdisambiguation region
a significant main effect of context type w
found at the postverbal adverb (24 ms), indic
ing longer path durations for adverbs in neu
contexts, as compared to the biasing cont
(F1(1,31) 5 4.37, MSe 5 4469, p , .05;
F2(1,47) 5 5.37, MSe 5 4560, p , .05). The
main effect of ambiguity did not reach signi
cance (F1(1,31) 5 1.53,MSe 5 3530,p 5 .23;
F2(1,47) 5 2.18,MSe 5 5692,p 5 .15). At the
second part of the postdisambiguation reg
the main effect of context type failed to rea
significance in the analysis by participants,
it was marginally significant in the analysis 
items (F1(1,31) 5 2.64,MSe 5 11446,p 5 .11;
F2(1,47) 5 3.45,MSe 5 8733,p 5 .07), indicat-
ing a trend for longer RPDs (31 ms) in neut
contexts as compared to biasing contexts.

At the object NP, there was a marginally si
nificant effect of ambiguity: RPDs tended to
longer in control sentences than in ambiguo
sentences. The 29-ms difference was signific

by participants but not by items (F1(1,31) 5
D STRUCTURES IN CONTEXT 115
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5.73, MSe 5 4914,p , .05; F2(1,47) 5 2.64,
MSe 5 10804,p 5 .11). No other effects wer
found in the object-NP region (allp-values.
.12). With regard to the ambiguous NP, the
was a main effect of context-type, with long
path durations (33 ms) for neutral contexts,
compared to biasing contexts (F1(1,31)5 9.35,
MSe 5 3830,p , .01; F2(1,47)5 6.31,MSe 5
7388,p , .05). No other effects were significa
here nor in the sentence-final region (allFs, 1).

Discussion

This eye-tracking experiment replicated t
main findings obtained with the self-paced re
ing method in Experiment 2. First of all, a sign
icant interaction between ambiguity and co
text-type was found, brought about by t
presence of processing difficulty for S-coor
nated sentences in neutral contexts and the
sence of processing difficulty when these s
tences were embedded in biasing contexts. T
indicates that the manipulation of topic-structu
in the context was very effective, thus suppo
ing the view that the NP-coordination preferen
is actually a preference for topic-structure si
plicity. In contrast to Experiment 2, the cruc
interaction (i.e., of ambiguity and context-typ
in the present experiment was already signific
at the disambiguating verb itself.

Second, in discussing the results of Exp
ment 2, we suggested that the biasing con
was as effective as the comma in the neu
context in disambiguating the ambiguous tar
sentence. Experiment 3 replicated this find
For example, first-pass reading times on the 
ambiguating verb and postdisambiguation 
gions of ambiguous sentences following bias
contexts equalled (or were even shorter th
reading times on control sentences in the ne
condition (see Table 7). This same pattern o
sults was observed for the object NP and 
ambiguous NP, most probably because b
have already been mentioned in biasing c
texts, but not in neutral contexts.

One important difference between Expe
ments 2 and 3 concerns the reading times fo
ambiguous NP. In Experiment 2, reading ti
for the ambiguous NP was significantly long

in ambiguous sentences, as compared to control
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sentences. There was no significant differenc
the eye-tracking experiment, and the numerical
difference was in the opposite direction: Fir
pass reading times and RPDs on the ambigu
NP were shorter in ambiguous sentences tha
control sentences. Since the effect of ambig
that was present in the self-paced reading ex
iment disappeared in the eye-tracking vers
we are inclined to ascribe the reading time 
ferences that were found in Experiment 2 to 
so-called “rebound-effect,” described by Hoe
Vonk, Hagoort, and Brown (submitted man
script). This rebound effect, which seemed to
present only in self-paced reading experime
is characterized by an increase in reading ti
at some point in the sentence where an inte
tion cue, such as a comma, is present (pres
ably reflecting the time needed by the proces
to integrate the available syntactic and sema
information), followed by a distinct decrease
reading times on the next three or four wor
Hoeks et al. found that this pattern of read
was present even in unambiguoussentences
which strongly suggests that it does not prim
rily reflect processes related to ambiguity re
lution but instead reflects more basic proces
of reading (e.g., memory management) or po
bly even task-related processing (e.g., maint
ing an optimal rhythm of pushing the button
self-paced reading experiments).

Finally, it is somewhat surprising that regre
sion-path duration, which is generally taken
be a very sensitive measure of processing 
ruption, was not more illuminating in this expe
iment. Though the pattern of interaction b
tween ambiguity and context type was pres
numerically in regression-path durations (e
at the postverbal adverb), it did not reach sig
icance. This could, of course, be ascribed
chance, but perhaps making regressions 
not, on average, the preferred way of solv
processing problems in this group of part
pants or with this kind of stimulus (i.e., who
stories instead of isolated sentences). Futur
search might shed some light on this issue.

Summarizing, the eye-tracking experime
reported here showed that the processing d
culty that is present when readers are confro

with temporarily ambiguous S-coordinated se
ND SCHRIEFERS

 in

t-
ous
n in

tences disappears when these sentences ar
bedded in biasing contexts. The effectivenes
the topic-structure manipulation in these bias
contexts strongly supports the view that,
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minimal topic-structure.

GENERAL DISCUSSION AND
CONCLUSION

Three experiments were presented that inv
tigated the role of topic-structure in processi
the NP versus S-coordination ambiguity. T
off-line completion study (i.e., Experiment 1
showed that language users are sensitive to
manipulation of topic-structure when comple
ing ambiguous sentence fragments. For fra
ments presented in isolation, S-coordinati
was clearly not a preferred option (15% or le
of all completions), but introducing a duplex
topic context greatly increased the likelihood 
S-coordinated completions (up to 80%). Expe
ments 2 and 3 then showed that this sensitiv
to topic-structure regularities could also affe
online processing. In both experiments, a sign
icant interaction of context type (neutral vs bia
ing) and ambiguity (ambiguous vs control) w
found: In the eye tracking experiment (i.e., E
periment 3) this interaction occurred at the d
ambiguating verb itself; in the self-paced rea
ing experiment (i.e., Experiment 2), it wa
found one word later. The interaction reflect
the presence of processing difficulty in tem
porarily ambiguous sentences embedded in
neutral context, which was absent in senten
preceded by duplex-topic contexts. In oth
words, when there are no topic-structure cu
as in the neutral context condition, readers 
inclined to take the NP-coordination optio
when faced with the NP/S coordination ambig
ity, and they subsequently run into trouble wh
the sentence turns out to be S-coordinated. T
suggests that readers adopt a default, minim
topic-structure (i.e., with only one topic) in th
absence of clear cues and, hence, take the 
bigous NP as being part of the comment, inste
of as a second topic. They will then experien
processing difficulty if the default structur
n-turns out to be wrong, since, in that case, both
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topic-structure and syntactic structure will ha
to be revised.

Although we think the present data sugges
pragmatic origin of the NP-coordination prefe
ence, which will be further discussed belo
other accounts cannot be ruled out. For instan
within the garden-path/construal framework, t
conjoint-NP preference is argued to be primar
motivated by syntactic considerations. Due 
the application of the minimal attachment str
egy, the ambiguous NP is conjoined with t
preceding object NP. When prompted by co
textual or other information, this decision has
be revised. Under this account, the lack of p
cessing difficulty in the biasing context-cond
tion in the current experiment would have to 
explained by invoking very rapid revisio
processes that cannot be reliably detected by
measurement apparatus used. However, ano
way in which the present findings can be acco
modated within the garden-path/constru
framework is to conceive of the NP/S ambigu
as being an associationambiguity, instead of an
attachment ambiguity. In association ambig
ties, the parser does not attach the ambiguous
phrase (e.g., guided by minimal attachme
strategy) but rather associates it to the exist
phrase marker (or, to be more precise, to the 
rent thematic processing domain), permitti
nonsyntactic information, such as, in this ca
topic-structure information, to decide where t
ambiguous phrase should be inserted (Frazie
Clifton, 1996, 1997). This would explain wh
there is an NP-coordination preference (i.e.,
cause of the principle of minimal topic-stru
ture), and also why it can be overruled by top
structure information in the context.

In another vein, proponents of constrain
based models may explain the basic NP-coor
nation preference as being a consequence of
relatively high frequency with which the con
nective ‘and’ is used to coordinate NPs as co
pared to Ss (or VPs, for that matter), that is,
coarse-grained frequency measures are used
explain the outcome of the present expe
ments, the principle of minimal topic-structur
should be added to the list of constraints th
have to be satisfied. However, since a basic f

ture of constraint-based models is that ambig
D STRUCTURES IN CONTEXT 117
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ity is resolved through competition between a
ternatives at the point of syntactic ambigui
there should be some sign of competition in t
duplex-topic condition between the factor fr
quency, arguing for NP-coordination, and t
contextual information, which argues for S-c
ordination.

The present experiments do not provide a
evidence for the presence of a competition 
fect. In Experiment 3, there was no sign of 
effect of ambiguity (i.e., ambiguous vs contro
at the ambiguous NP that could be interpreted
processing difficulty. Furthermore, though the
was an ambiguity effect at the ambiguous NP
Experiment 2, it is much more likely that th
reading time difference here is caused by a
bound effect, since the effect was present in 
neutral condition too, where no competition
expected. There are two possible explanati
of this apparent absence of competition effe
under a constraint-based account. First, it co
be argued that the processor uses informatio
both topic-structure and the coarse-grained 
quencies to come to a decision. In this cas
would be necessary to assume that the con
tual bias factor was much stronger than the 
quency factor, thus minimizing the amount 
competition needed to resolve the ambigu
Alternatively, if the more fine-grained frequen
information were available to the parser,
gether with topic-structure information, no com
petition would be necessary, since the freque
factor does not bias toward either NP- or S-
ordination if grammatical function is taken in
account.

It remains somewhat unclear what explan
tion constraint-based models have to offer 
the pattern of results at the connective its
where we did not find any evidence for compe
tion processes either. At the connective, NP- 
VP-coordination are the preferred options, d
pending on the frequency measure used. T
will not provide any conflict between frequen
and topic-structure information in the neutr
context condition, since both NP- and VP-co
dination are compatible with the expect
topic–comment structure. However, the qu
tion is why there is no sign of competition in t

u-biasing context condition, where topic-structure
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information biases toward S-coordination. 
could be argued that the topic-structure inform
tion contained in the biasing context only exe
its influence when the ambiguous NP is re
and not beforehand, since it only predicts
topic-structure, not a syntactic structure. 
other words, the duplex-topic context predi
only a descriptionof two entities, each perform
ing a (separate) action, but not the syntactic
structure this description will take. Only whe
the ambiguous NP is read will the proces
“recognize” it as a second topic and proces
accordingly. In that case, no competition is 
pected at the connective either.

As we have just argued, both garde
path/construal theory and constraint-based m
els can provide an account for the data from
current experiments. But it is obvious that t
present findings also fit very well in the theore
ical framework proposed by Crain and Stee
man (1985; see also Altmann & Steedma
1988), who stated that “there may be no su
thing as an intrinsically garden-pathing senten
structure, but rather that for a given sentenc
certaincontexts(possibly including the null con
text) will induce a garden path effect, while ot
ers will not” (Crain & Steedman, 1985, p. 32
original italics). They propose that, at any giv
point in a sentence, all possible syntactica
supported alternatives are available to the s
tence processor. One of these alternatives is
selected on the basis of specific knowledge c
tained in the mental model readers have c
structed of the ongoing discourse. Such an
count is perfectly compatible with the prese
findings, since it allows pragmatic factors su
as topic-structure to bring about parsing pref
ences as well as to cancel them.

Although Crain and Steedman focused 
one aspect of the specific knowledge in the m
tal model, namely, information about particu
referents as formulated in their principle of r
erential success, the current results imply t
topic-structure information and the principle 
minimal topic-structure are at least as import
in making parsing decisions. The identificati
of a second pragmatic principle that is in
mately related to a parsing preference might

as an incentive to look for other such principle
D SCHRIEFERS
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or regularities in sentence processing. Thus,
principle of parsimony (i.e., choose the altern
tive requiring the fewest changes to the exist
discourse model), which can be said to subsu
both the principle of referential success and 
principle of minimal topic-structure, may serv
as a heuristic device to uncover other ways
which pragmatic information can exert an infl
ence on sentence comprehension.

In conclusion, the experiments described h
presented clear evidence for the importance
topic-structure information in online senten
processing and its immediate influence on am
guity resolution. Building on the work of Crai
and Steedman (1985), this investigation of 
role of topic-structure in ambiguity resolutio
should be considered as another step toward
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tegrating theories of pragmatics and models
sentence processing.

REFERENCES

Altmann, G. T. M., & Steedman, M. (1988). Interaction wi
context during human sentence processing. Cognition,
30,191–238.

Altmann, G. T. M., Garnham, A., & Dennis, Y. (1992)
Avoiding the garden path: Eye movements in conte
Journal of Memory and Language, 31,685–712.

Britt, M. A. (1994). The interaction of referential ambiguit
and argument structure in the parsing of preposition
phrases. Journal of Memory and Language, 33,
251–283.

Brysbaert, M., & Mitchell, D. C. (1996). Modifier attach
ment in sentence parsing: Evidence from Dutch. The
Quarterly Journal of Experimental Psychology, 49,
664–695.

Clifton, C., Jr., & Ferreira, F. (1989). Ambiguity in contex
Language and Cognitive Processes, 4, SI 77–103.

Cozijn, R. (2000). Integration and inference in understa
ing causal sentences. Doctoral dissertation, Tilbu
University, Tilburg, The Netherlands.

Crain, S., & Steedman, M. (1985). On not being led u
the garden path: The use of context by the psycholo
ical syntax processor. In D. Dowty, L. Karttunen, &
A. Zwicky (Eds.),Natural language parsing: Psycho
logical, computational, and theoretical perspective
(pp. 320–358). Cambridge: Cambridge Univ. Press

Frazier, L. (1987a). Syntactic processing: Evidence fro
Dutch. Natural Language and Linguistic Theory, 5,
519–559.

Frazier, L. (1987b). Sentence processing: A tutorial revie
In M. Coltheart (Ed.),Attention and performance XII:
The psychology of reading(pp. 601–681). Hillsdale,
NJ: Erlbaum.
s
Frazier, L., & Clifton, C., Jr. (1996). Construal. Cambridge,

MA: MIT Press.



PROCESSING COORDINATED STRUCTURES IN CONTEXT 119

Frazier, L., & Clifton, C., Jr. (1997). Construal: Overview,
motivation, and some new evidence. Journal of Psy-

o

l

r

s

Ni, W., Crain, S., & Shankweiler, D. (1996). Sidestepping
garden paths: Assessing the contributions of syntax,

s.

a-

se

e:

i-
f

d

m-
),

.
y

).
ing:

for
es

-

cholinguistic Research, 26,277–295.
Geerts, G., Haeseryn, W., de Rooij, J., & van den Toorn,

C. (1984). Algemene Nederlandse Spraakkunst[Gen-
eral grammar and usage of Dutch]. Groninge
Wolters-Noordhof.

Irwin, D. E. (1998). Lexical processing during saccadic e
movements. Cognitive Psychology, 36,1–27.

Just, M. A., Carpenter, P. A., & Woolley, J. D. (1982). Pa
digms and processes in reading comprehension. Jour-
nal of Experimental Psychology: General, 111,
228–238.

Katz, B., Mueller, K., & Helmle, H. (1987). Binocular ey
movement recording with CCD arrays. Neuro-ophtal-
mology, 7, 81–91.

Konieczny, L., Hemforth, B., Scheepers, C., & Strube,
(1997). The role of lexical heads in parsing: Eviden
from German. Language and Cognitive Processes, 12,
307–348.

Lambrecht, K. (1994).Information structure and sentenc
form: Topic, focus, and the mental representati
of discourse referents. Cambridge, MA: University
Press.

Liversedge, S. P., Paterson, K. B., & Underwood, G. (199
Exploring the effects of quantifiers on parsing. Poster
presented at the Tenth CUNY Conference on Hum
Sentence Processing, Santa Monica, CA.

MacDonald, M. C., Pearlmutter, N. J., & Seidenberg, M.
(1994). Lexical nature of syntactic ambiguity reso
tion. Psychological Review, 101,676–703.

Mitchell, D. C., Corley, M. M. B., & Garnham, A. (1992)
Effects of context in human sentence parsing: Evide
against a discourse-based proposal mechanism. Jour-
nal of Experimental Psychology: Learning, Memo
and Cognition, 18,69–88.

Murray, W., & Liversedge, S. (1994). Referential conte
and syntactic processing. In C. Clifton, Jr., L. Frazi
& K. Rayner (Eds.),Perspectives on sentence proce
ing (pp. 359–388). Hillsdale, NJ: Erlbaum.
M.

n:

ye

ra-

e

G.
ce

e
n

7).

an

 S.
u-

.
nce

y,

xt
er,
s-

semantics, and plausibility in resolving ambiguitie
Language and Cognitive Processes, 11,283–334.

Rayner, K. (1998). Eye movements in reading and inform
tion processing: 20 years of research. Psychological
Bulletin, 3, 372–422.

Rayner, K., Garrod, S., & Perfetti, C. A. (1992). Discour
influences during parsing are delayed. Cognition, 45,
109–139.

Renkema, J. (1979).Schrijfwijzer: Handboek voor
duidelijk taalgebruik. [Guidelines for Writing: Hand-
book for transparent language use]. The Hagu
Staatsuitgeverij.

Spivey, M. J., & Tanenhaus, M. K. (1998) Syntactic amb
guity resolution in discourse: Modeling the effects o
referential context and lexical frequency.Journal of
Experimental Psychology: Learning, Memory, an
Cognition, 6, 1521–1543.

Tanenhaus, M. K., & Trueswell, J. C. (1995). Sentence co
prehension. In J. L. Miller & P. D. Eimas (Eds.
Speech, language, and communication(pp. 217–262).
San Diego: Academic Press.

Traxler, M. J., Pickering, M. J., & Clifton, C., Jr. (1998)
Adjunct attachment is not a form of lexical ambiguit
resolution. Journal of Memory and Language, 39,
558–592.

Van Berkum, J. J. A, Brown, C. M., & Hagoort, P. (1999
Early referential context effects in sentence process
Evidence from event-related brain potentials. Journal
of Memory and Language, 41,147–182.

Zagar, D., Pynte, J., & Rativeau, S. (1997). Evidence
early-closure attachment on first-pass reading tim
in French. Quarterly Journal of Experimental Psy
chology, 50A, 421–438.

(Received September 22, 2000)
(Revision received February 8, 2001)
(Published online October 3, 2001)


	EXPERIMENT 1
	TABLE 1
	TABLE 2
	TABLE 3

	EXPERIMENT 2
	TABLE 4
	TABLE 5
	TABLE 6
	FIG. 1

	EXPERIMENT 3
	TABLE 7
	FIG. 2

	GENERAL DISCUSSION AND CONCLUSION
	REFERENCES

