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Early Referential Context Effects in Sentence Processing:
Evidence from Event-Related Brain Potentials

Jos J. A. van Berkum, Colin M. Brown, and Peter Hagoort

Max Planck Institute for Psycholinguistics, Nijmegen, The Netherlands

An event-related brain potentials experiment was carried out to examine the interplay of referential
and structural factors during sentence processing in discourse. Subjects read (Dutch) sentences
beginning like “David told the girl that . . . ” in short story contexts that had introduced either one or
two referents for a critical singular noun phrase (“the girl”). The waveforms showed that within 280
ms after onset of the critical noun the reader had already determined whether the noun phrase had a
unique referent in earlier discourse. Furthermore, this referential information was immediately used
in parsing the rest of the sentence, which was briefly ambiguous between a complement clause
(“ . . . that there would be some visitors”) and a relative clause (“ . . . that had been on the phone to
hang up”). A consistent pattern of P600/SPS effects elicited by various subsequent disambiguations
revealed that a two-referent discourse context had led the parser to initially pursue the relative-clause
alternative to a larger extent than a one-referent context. Together, the results suggest that during the
processing of sentences in discourse, structural and referential sources of information interact on a
word-by-word basis. © 1999 Academic Press
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When we read a book or listen to speech
our native language, we usually have a sens
immediate understanding, of recognizing
interpreting every word as soon as we se
hear it. Psycholinguistic experiments have
large extent confirmed this intuition, by sho
ing that as a sentence unfolds over time, e
new word is related to the local sentence con
within only a few hundred milliseconds, both
terms of its syntactic features (“parsing”) and
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terms of its semantics. To extract the synta
and semantic structure of a given sentenc
however, only part of what it means to comp
hend. Sentences almost invariably occur in
course and can only be properly understoo
the context of what has been said before (Cl
1996). In a coherent text or conversation,
definite NPs in an utterance likeThey told the
girl that the house was gone,for example, ar
all likely to refer to entities introduced befo
Without identifying those referents, what is s
cannot be related to what is already known,
sentence meaning is left in mid-air.

The present study examined two closely
lated aspects of processing sentences in
course. First, we examined the speed and in
mentality of the mechanisms involved
referent identification—do these also deli
their output within only a few hundred millise
onds after a relevant word or do they for so
reason substantially lag behind the proce
that recover syntactic and semantic struct
Second, can the results of referential proc
ing—if delivered quickly enough—guide t
further analysis of sentencestructure,i.e., pars
ng?
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148 VAN BERKUM, BROWN, AND HAGOORT
THE TIME COURSE OF REFERENTIAL
PROCESSING

The time course of referential processing
received considerable attention in research
anaphor resolution (see Garrod & Sanfo
1994, for an overview). Some findings sugg
that readers begin to associate anaphoric
nite nominal NPs with their linguistic antece
ents very rapidly, while the head noun is be
read (e.g., Dell, McKoon, & Ratcliff, 198
Duffy & Rayner, 1990; Garnham, Oakhill,
Cain, 1997; Garrod, O’Brien, Morris,
Rayner, 1990). There are also indications, h
ever, that the referential processing of such
may be delayed by one or several words (e
Garrod, Freudenthal, & Boyle, 1993; Gree
McKoon, & Ratcliff, 1992).

Consistent with the evidence for delays,
theory (Britt, Gabrys, & Perfetti, 1993; Perfe
& Britt, 1995) predicts that the sentence proc
sor will only begin to look for a definite NP
referent when the wordfollowing the nounin-
dicates that the NP can be closed. In a sim
vein, it has been suggested that since defi
NPs are by no means always used anap
cally, the sentence processor should not com
itself to a particular prior referent too ea
(Garrod, 1994; Garrod & Sanford, 1994).

We addressed this issue by asking peop
read sentences such asDavid told the girl tha
there would be some visitorsin a discours
context that introduced either a single refe
for the critical singular definite article no
phrase (e.g., a single girl) or two. If people
to establish reference incrementally and if
results of this process become available rap
enough, the critical noun might elicit differe
tial processing effects as a function of whet
the discourse supplies one or two eligible
erents.

REFERENTIAL CONTEXT EFFECTS
IN PARSING

Whereas the evidence for incremental re
ential processing is still mixed, there is go
evidence for incremental parsing, i.e., for
immediate syntactic assignment of every
coming word (see Mitchell, 1994, and Tan
s
n
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haus & Trueswell, 1995, for surveys). In par
ular, if an incoming word is ambiguous beca
it can be assigned to the current partial ph
structure in more than one way, the parser
visionally commits itself, at least to some d
gree, to just one specific assignment (see Fr
& Clifton, 1996; and above surveys). For e
ample, if a sentence fragment likeDavid told
the girl that. . . is presented in isolation, peo
initially tend to take the locally ambiguo
word that to be the head of a subsequent c
plement clause, as inDavid told the girl tha
there would be some visitors,even though
could also be the head of a relative clause, a
David told the girl that had been on the pho
to hang up (Altmann, Garnham, & Denni
1992; van Berkum, Brown & Hagoort, 1998

An important unresolved issue in the pars
literature is whether such initial parsing pref
ences can change if the ambiguous senten
presented in discourse context. Crain and St
man (1985) pointed out, for example, that
use of a restrictive relative clause is much m
felicitous in a discourse context that leaves
preceding NP referentially ambiguous (e.g.,
having provided two equally plausible refere
for the girl) than in a context that by itse
already clearly suggests a single unique re
ent.

According to various context-sensitive th
ries of parsing, the parser can make immed
use of such information (e.g., Altmann, 19
Crain & Steedman, 1985; Gibson, 1998; Lew
1993; Ni, Crain, & Schankweiler, 1996; Spive
Knowlton & Tanenhaus, 1998; Kempen, 199
According to so-called syntax-first theories
parsing, however, referential information is i
tially ignored, because—depending on the s
cific theory—the parser is architecturally co
strained (cf. Fodor, 1983) to always first try
syntactic structure that is simpler (Ferreira
Clifton, 1986; Frazier, 1987; Frazier & Rayn
1982; Rayner & Pollatsek, 1989; De Vince
& Job, 1995), encountered more often (Brys
ert & Mitchell, 1996; Mitchell, Cuetos, Corle
& Brysbaert, 1995), or the better option
other syntax-related reasons (e.g., Koniec
Hemforth, & Voelker, 1994). Hybrid theorie
also exist, allowing for context-sensitive pa
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149REFERENTIAL ERP EFFECTS IN SENTENCE PROCESSING
ing of some types of ambiguity, but assum
syntax-first parsing for others (e.g., Britt et
1993; Frazier & Clifton, 1996).

The empirical evidence is mixed (see Mit
ell, 1994 and Spivey-Knowlton & Tanenha
1994 for reviews). Following up on Crain a
Steedman (1985), many psycholinguists h
attempted to uncover referential context effe
in parsing (e.g., Altmann, 1988; Altmann et
1992; Altmann, Van Nice, Garnham, & He
stra, 1998; Altmann & Steedman, 1988; Bola
1997; Britt, 1994; Britt, Perfetti, Garrod,
Rayner, 1992; Clifton & Ferreira, 1989; Cra
Ni, Schankweiler, Conway, & Braze, 1996; F
reira & Clifton, 1986; Konieczny, Hemforth,
Voelker, 1994; Mitchell, Corley, & Garnham
1992; Murray & Liversedge, 1994; Ni et a
1996; Rayner, Garrod, & Perfetti, 1992; Spiv
Knowlton & Sedivy, 1995; Spivey-Knowlto
Trueswell, & Tanenhaus, 1993; Spivey-Kno
ton & Tanenhaus, 1998; Tanenhaus, Spiv
Knowlton, Eberhard, & Sedivy, 1996; Va
Nice, Garnham, & Altmann, 1997). For many
the studies that revealed apparently early re
ential context effects, however, the exact in
pretation is complicated by the fact that
parser’s commitments were probed relativ
late in the sentence and thus do not necess
reflect the way the parserinitially resolved th
ambiguity (cf. Mitchell et al., 1992). And th
studies that did not revealany effects of refer
ential context throughout the processing of
critical sentence are in principle open to a m
odological concern about whether the partic
contexts used in the experiment were su
ciently biasing (cf. Spivey-Knowlton & Tane
haus, 1994).

In view of these concerns, a maximally
formative experimental design is one in wh
parsing commitments are probed at the ear
possible word, and—should no context effe
emerge at that critical position—one in wh
the referential context manipulation can
shown to have an effect at a later probe posit
In a self-paced reading experiment desig
like this, Mitchell et al. (1992) obtained a p
tern of results that seemed to support a syn
first account of parsing. Mitchell et al. presen
target sentences with a complement/relat
e
s
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clause ambiguity (e.g.,The politician told the
woman that. . . ) in one- and two-referent di
course contexts and probed the parser’s c
mitments by disambiguating either immediat
after the word that or several words down
stream. Referential context had a marginal
fect at the late probe position, suggesting
the parser was by then pursuing the cont
supported analysis, i.e., a complement claus
one-referent context and a relative clause
two-referent context. But it had no effect imm
diately afterthat, leading Mitchell et al. to con
clude that the parser was initially insensitive
discourse context.

The syntax-first account of these results
not gone unchallenged, in part because of
way Mitchell et al. probed the early comm
ments of the parser (Altmann, Garnham,
Henstra, 1994). Also, because thelate referen
ial effect was only marginally significant, t
itchell et al. contexts were perhaps not su

iently effective to elicit early effects (Spive
nowlton & Tanenhaus, 1994). Related to th

t is possible that the detection of early refer
ial context effects requires a more sensi
n-line measure than self-paced reading la
ies.
The goal of the present experiment was

ook for early referential context effects in pa
ng with a maximally sensitive design. First,
sed event-related brain potential (ERP) m
ures, which, as is discussed below, h
roven to be highly—and quite selectively
ensitive to modulations of the parsing proc
econd, we designed our Dutch sentence m

ials to probe parsing commitments imme
tely after the first word in the ambiguous
ion (and even earlier, as will be seen). Be
e turn to ERPs, we first explain the critic

eatures of our materials.
Like English, the grammar of Dutch leav

oom for a local complement/relative-clau
mbiguity, as illustrated by example senten
1) and (2) in the lower half of Table 1. No
hat the local ambiguity arises atdat and is
resolved by the very next word, where the
pletive pronoun er disambiguates toward
complement clause and the auxiliaryhad dis-
ambiguates toward a restrictive relative cla
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150 VAN BERKUM, BROWN, AND HAGOORT
(in written Dutch, nonrestrictive relative claus
require a comma after the noun).

In the experiment, we presented these
tences in one- and two-referent context sto
such as illustrated in the upper half of Tabl
(cf. Crain & Steedman, 1985). Syntax-first a
context-sensitive parsing accounts make di
ent predictions for the impact of such discou
contexts. Under a syntax-first account, the
erential status of a preceding NP will not ha
any implications for how the parser initia
handles the structural ambiguity arising atdat,
for in both cases the parser will simply pre
the less complex (or more frequent) comp
ment-clause analysis. In context-sensitive
counts, in contrast, the referential status of
critical NP does matter. Whereas a referenti
successful NP will lead the parser to initia
pursue the more felicitous complement-cla
analysis ofdat, a referentially ambiguous N

TAB

Example Item Paradigm with Early Explet

One-Referent context
David had de jongen en het meisje (de vrouw) geze

de hele ochtend liggen slapen, en het meisje (de
David had told the boy and the girl (the woman) to

bed all morning, and the girl (the woman) had be
Two-Referent context

David had de twee meisjes (vrouwen) gezegd hun k
vrouw) had de hele ochtend liggen slapen, en he

David had told the two girls (women) to clean up th
stayed in bed all morning, and the other had been

(1) Early-complement target
David vertelde het meisje
David told the girlNEU

(2) Early-relative target
David vertelde het meisje
David told the girlNEU

(3) Immediate-complement target
David vertelde de vrouw
David told the womanCOM

(4) Immediate-relative target
David vertelde de vrouw
David told the womanCOM

Note.All disambiguating words are in bold. The two c
noun (for early-disambiguation targets) with the alterna
in brackets. COMPL5 complementizer; RELPR(NEU)5
elative pronoun for common gender nouns. Translatio
-
s

-

-

-
-
e
y

e

ill lure it, at least to a larger extent, in
ursuing the more felicitous relative-clau
nalysis. A complement-clause disambigua
hould thus generate more parsing problem
“garden-pathing” two-referent context than
supportive one-referent context, wherea

elative-clause disambiguation should gene
he opposite result, i.e., more parsing probl
n the now “garden-pathing” one-referent c
ext than in the now supportive two-refer
ontext. Note that we phrase these asrelative
ffects because to the extent that refere
ontext is not the only factor that determin
arsing preferences, the use of, for instanc

wo-referent context will not necessarily res
n anabsolutepreference for the relative clau
ver the complement clause.
Sentences like (1) and (2) probe the com
ent of the parser at the same position
itchell et al. (1992) took to be the earlie

1

Auxiliary Disambiguation (see Method Section)

hun kamer voor de lunch op te ruimen. Maar de jong
uw) had voortdurend zitten bellen.
n up their room before lunch time. But the boy had st
n the phone all the time.

er voor de lunch op te ruimen. Maar het ene meisje (
dere (de andere) had voortdurend zitten bellen.
oom before lunch time. But one of the girls (women)
the phone all the time.

dat er visite kwam.
thatCOMPL there would be some visitors.

dat had zitten bellen op te hange
thatRELPR(NEU) had been phoning to hang up.

dat er visite kwam.
thatCOMPL there would be some visitors.

die had zitten bellen op te hange
thatRELPR(COM) had been phoning to hang up

xt stories have the critical referents denoted by a neute
common gender noun (for immediate-disambiguation

lative pronoun for neuter gender nouns; RELPR(COM5
are approximate, to preserve overall fluency and mea
LE

ive/

gd
vro

clea
en o

am
t an
eir r

on

onte
tive
re
ns



cts
d a
sh.
) t
ch
em
ith
et
y

he
),
de
pt

f a
mi-
am

a
c-
ith

sen
he

w
s,
nt
ma

oun
n t

vis
en
w

the
-
i-
for
e

-
e all
c o
d ne
r ex

en-
wo-
rsue

nder
its

i unt
a be
g ord.
I n, a
s ith,
f
o is
a t of
t ces
l be-
c tch
a ple-
m in
t en-
t es.

tial
pars-
ted
o-

ent
ma-
0)

&
b,
two
nse,
e
RP
ms
set,
ects
n &
94;
ut,
).
the
ms
un-
, in

151REFERENTIAL ERP EFFECTS IN SENTENCE PROCESSING
possible one. To probe for referential effe
even earlier than that, though, we exploite
feature of Dutch that is not available in Engli
Compare, in Table 1, sentences (3) and (4
(1) and (2). Note, first of all, that the Dut
complement/relative-clause ambiguity res
bles the English ambiguity only for nouns w
grammatically neuter gender (so-called “h
words” likehet meisje,in (1) and (2), marked b
the subscript NEU) because only theneuter
form of the relative pronoun is identical to t
complementizerdat. As shown in (3) and (4
so-called common gender nouns (or “
words,” like de vrouw,marked by the subscri
COM) require the relative pronoun formdie
instead. Linguistically speaking, the use o
common gender noun thus completely eli
nates the local complement/relative-clause
biguity.

From a (particular)processingpoint of view,
however, the ambiguity may still arise in
sentence like (3)—if only very briefly. We a
tually began our design of the experiment w
these so-called immediate-complement
tences because we had the intuition that w
reading something likeDavid vertelde de vrou
dat . . . in a discourse with two women in focu
the use ofdat “feels” as if a gender agreeme
error has been made at that point. This infor
observation suggested that the worddat was
somehow briefly taken as a relative pron
(and subsequently again rejected as such o
grounds of its incongruent gender).

To make sense of this observation, we en
aged the following chain of events. (1) Wh
processed as part ofDavid vertelde de vrou
dat . . . , the lexically ambiguous wordformdat
makes available two morpholexical entries:
generic complementizerdatCOMPL and the rela
tive pronoundatRELPR(NEU). (2) The parser in
tially ignores gender agreement and there
considers two candidate analyses, nam
[SDavid vertelde [NP de vrouw] [CC

datCOMPL . . .]] as well as [SDavid vertelde [NP de
vrouw [RC datRELPR . . .]] . . .]. (3) In a two-refer

nt discourse context, the parser provision
ommits itself to the relative-clause analysis
at, at least to a larger extent than in a o
eferent context. (4) Before processing the n
o

-

-

-

-

-
n

l

he

-

e
ly

y
f
-
t

word, the preferred analysis is checked on g
der agreement. (5) To the extent that a t
referent context has biased the parser to pu
the relative-clause analysis, the resulting ge
agreement violation forces it to abandon
preferred analysis again.

Note that although thereferentialprediction
s located in the third phase only, the acco
lso assumes that structural ambiguity can
enerated and resolved by the very same w

f we take the latter as a working assumptio
entence like (3), in Table 1, provides us w
or all intents and purposes, animmediateprobe
f initial parsing commitments. Obviously, th
ssumption should be reexamined in the ligh

he results. Also, for unambiguous senten
ike (4), the above account does not hold
ausedie cannot be a complementizer in Du
nd therefore does not generate the com
ent/relative-clause ambiguity at any point

ime. These so-called immediate-relative s
ences will serve a variety of control purpos

PREDICTIONS FOR EVENT-RELATED
BRAIN POTENTIALS

To study the time course of basic referen
processes and their impact on subsequent
ing in discourse, we made use of event-rela
brain potential (ERP) methodology. In the d
main of language processing, two differ
brain responses have been particularly infor
tive so far: the N400 (Kutas & Hillyard, 198
and the P600/SPS (Hagoort, Brown,
Groothusen, 1993; Osterhout & Holcom
1992; the P600/SPS label combines the
earlier alternative names for this brain respo
“P600”, and “Syntactic Positive Shift”). Th
N400 is a distinct negative deflection in the E
waveform, typically onsetting around 200
and peaking around 400 ms after word on
and commonly associated with semantic asp
of word and sentence processing (see Brow
Hagoort, in press; Kutas & Van Petten, 19
Osterhout & Holcomb, 1995; and Osterho
McLaughlin, & Bersick, 1997, for overviews
The P600/SPS is a positive deflection in
waveform with a typical onset around 500
after word onset and a duration of several h
dred milliseconds, thought to be associated
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152 VAN BERKUM, BROWN, AND HAGOORT
the language domain, with aspects ofsyntactic
processing (Hagoort et al., 1993; Osterhou
Holcomb, 1992; Osterhout & Hagoort, 199
The P600/SPS has been elicited by a wide
riety of local grammatical violations (e.g.,
phrase structure, verb subcategorization, n
ber agreement, and gender agreement)
Dutch, English, and German (e.g., Ainswor
Darnell, Shulman, & Boland, 1998; Frieder
Hahne, & Mecklinger, 1996; Hagoort & Brow
1994, 1997, 1998; Hagoort et al., 1993; Nev
et al., 1991; Osterhout & Holcomb, 1992, 19
Osterhout, McKinnon, Bersick, & Corey, 199
Osterhout & Mobley, 1995). Importantly, t
P600/SPS is not only elicited by words t
unrecoverablyviolate the syntax (e.g., *The
children throws the toy on the floor), but also by
words that signal that thepreferred syntactic
analysis can no longer be maintained (e.g.,
terhout, Holcomb, & Swinney, 1994; Brow
Hagoort, & Vonk, 1997).

The latter regularity allowed us to formula
highly specific ERP predictions regarding d
course context effects in parsing. First, to
extent that a two-referent context immediately
ases the parser to pursue a relative-clause ana
early-complement disambiguation [er in sentenc
(1)] should yield a P600/SPS in this context
compared to a one-referent context. And unde
working assumption discussed before, immed
complement disambiguation [dat in sentence (3
should do so too. Conversely, to the extent th
one-referent context biases the parser to purs
complement-clause analysis, early-relative dis
biguation [had in sentence (2)] should yield
P600/SPS inthis context, as compared to a tw
referent context. Note that we predict P600/S
efffects here (and not, for instance, N400 effe
precisely because we infer from earlier work t
within the language domain, the P600/SPS
selective and reliable index of syntactic gard
pathing. Furthermore, note that for present
poses it does not matter whether the P600
specifically reflects initial detection, subsequ
diagnosis, or repair—all we need to know her
that it more generally reflects a syntactic dead

As for a syntax-first parser, it will alway
initially pursue the complement-clause analy
Early-complement and immediate-complem
-

-
in

;

-

-
is,

e
-

a
a
-

S
)
,
a
-
-
S

s
d.

.
t

disambiguation should therefore allow it
maintain its analysis in both discourse conte
yielding no differential P600/SPS effect acr
contexts. Also, early-relative disambiguat
should force it to abandon its preferred analy
again in both discourse contexts, and sho
thus not yield a differential P600/SPS eff
across contexts either. In all, a context-con
gent S600/SPS should not occur in any of th
three critical sentence types.1

With respect to the time course of basic
erential processes at the preceding critical n
the existing literature points toward at least
possible effects in the ERP record. First, to
extent that referential ambiguity makes it m
difficult to integrate the meaning of a defin
NP into a higher-level semantic representa
of the discourse, one might expect to se
larger N400 component in response to a re
entially ambiguous noun than in response
referentially successful noun (see Brown & H
goort, in press and Osterhout & Holcomb, 19
for an interpretation of N400 amplitude effe
in terms of meaning integration; see St. Geo
Mannes, & Hoffman, 1994; 1997, and van B
kum, Hagoort, & Brown, in press for N40
effects in discourse). Second, referential am
guity may be associated with a more exten
use of memory resources, which has been
served to elicit slow negative shifts in the E
(Kutas & King, 1996; Ro¨sler, Heil, & Glowalla
1993).

METHOD

Subjects

The experiment was conducted with 24
tive speakers of Dutch (20 female subje

1 An event-related brain potentials experiment rece
onducted in our lab with the same target sentence mat
van Berkum, Brown, & Hagoort, 1998) showed that in
bsence of a discourse context, the relative clause d
iguation exemplified in sentence (2) of Table 1 elicite
ignificant P600/SPS as compared to the complem
lause disambiguation exemplified in sentence (1).
xtends earlier reports of a default complement clause
rence in the complement/relative clause ambiguity (
ltmann et al., 1992) and at the same time shows that E
re sensitive enough to reveal such a preference i
urrent experiment should no context effects emerge.
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mean age 24, range 21–26 years), recru
from the Max Planck Institute subject pool. A
had normal or corrected-to-normal vision a
were right handed (10 subjects reported ha
left-handed relatives). None of the subjects
any neurological impairment, had experien
any neurological trauma, or used neurolep
Also, none of them had participated in any
the pretests (see below).

Materials

We constructed 60 early-complement,
early-relative, 60 immediate-complement,
60 immediate-relative target sentences and
ated both a one-referent and a two-referent
course context for each sentence. To avoid
intended systematic biases in the prece
discourse, we made sure that each of the
texts could also be followed by any of the th
other target sentence types (by actually c

TAB

Example Item Paradigm with Early N

One-Referent context
De aardige reus werd onderweg vergezeld door een

vastgeklampt aan zijn bovenarm, de kabouter had
On the road, the gentle giant was accompanied by

upper arm, the goblin had ensconced itself in a c
Two-Referent context

De aardige reus werd onderweg vergezeld door twe
aan zijn bovenarm, het andere (de andere) had z

On the road, the gentle giant was accompanied by
upper arm, the other had ensconced itself in a co

(1) Early-complement target
De reus waarschuwde het elfje dat
The giant warned the elfNEU thatCOMPL

(2) Early-relative target
De reus waarschuwde het elfje dat
The giant warned the elfNEU thatRELPR

(3) Immediate-complement target
De reus waarschuwde de fee dat
The giant warned the fairyCOM thatCOMP

(4) Immediate-relative target
De reus waarschuwde de fee die
The giant warned the fairyCOM thatRELPR

Note.All disambiguating words are in bold. The two c
oun (for early-disambiguation targets) with the alterna

n brackets. COMPL5 complementizer; RELPR(NEU)5
elative pronoun for common gender nouns. Translatio
d

g
d
d
.

e-
-
-

g
n-

-

structing the latter too). Table 1 illustrates
resulting “full paradigm” for one item—a se
ond example is given here in Table 2. No
once again, that onlyone of the four targe
sentences created for each item was used i
actual experiment, in both a one- and a t
referent context. The full set of Dutch targ
sentences and context stories used in the e
iment is available from the authors.

Target sentences.All target sentences fo
lowed the template,Subject-NP. ,matrix-
erb. ,indirect-object-NP. dat/die ,early-
isambiguation. ,remainder.. We used eigh
ifferent singular past tense matrix verbs (ver-

elde, waarschuwde, beloofde, verweet, v
pelde, schreef, leerde, antwoordde—roughly,
old, warned, promised, reproached, predict
rote, taught, answered), each of which subca
gorizes for an indirect-object NP followed b
irect-object complement clause headed bydat

2

inative/Reflexive Pronoun Disambiguation

fje (een fee) en een kabouter. Het elfje (de fee) had z
ch genesteld in een comfortabele broekzak.
elf (fairy) and a goblin. The elf (fairy) had clung [itself]
ortable trouser-pocket.

lfjes (feee¨n). Het ene elfje (de ene fee) had zich vastgeklam
genesteld in een comfortabele broekzak.
elfs (fairies). One of the elfs (faries) had clung [itself]
rtable trouser-pocket.

ze niet moest vallen.
she shouldn’t fall off.

zich had vastgeklampt niet te valle
itself had clung not to fall.

ze niet moest vallen.
she shouldn’t fall off.

zich had vastgeklampt niet te valle

) itself had clung not to fall.

xt stories have the critical referents denoted by a neute
common gender noun (for immediate-disambiguation

lative pronoun for neuter gender nouns; RELPR(COM5
are approximate, to preserve overall fluency and mea
LE

om

el
zi

an
omf

e e
ich
two
mfo

(NEU)

L

(COM

onte
tive
re
ns
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(e.g.,X vertelde[het meisje] NP [dat Z] CP). Each
verb also had at least one relatively access
alternative argument structure (e.g., with
direct object slot taken by an NP, a PP, o
complement clause not headed bydat), allow-
ng us to wrap up relative-clause target s
ences without using adat-complement in th
emainder and thus avoid a predominance
uch constructions in the experiment.
In the 60 early-complement sentences

omplement/relative-clause ambiguity was
mbiguated in favor of a complement-cla
eading by a word that immediately follow
at. In the 60 early-relative sentences it w
esolved in favor of a (restrictive) relati
lause, again by the next word afterdat. Two

different disambiguation schemes were used
these early-probe sentence types, illustrate
Tables 1 and 2 respectively. The expletive/a
iliary scheme used the expletive pronouner
(there) to resolve the ambiguous fragment a
complement clause and the auxiliary verbhad
(had, occasionally also the comparable Du
auxiliarieswas, zou, lag, kon,or zat) to resolve
it as a relative clause. The nominative/reflex
pronoun scheme used the nominative third-
son singular pronounszeandhij (sheandhe) to
resolve the ambiguous fragment as a com
ment clause and the reflexive pronounzich(her-
selfor himself) to resolve it as a relative claus
When using the latter disambiguation sche
the referents of the subject and the direct ob
always differed in sex (e.g.,David told the gir
that she. . .), such that the nominative thir
person pronoun could only be taken to refe
the direct object referent. Both schemes exp
particular constraints on Dutch phrase struc
to achieve effective disambiguation (as c
firmed by a sentence completion pretest;
below). In each set of 60 early-probe tar
sentences, half used the expletive/auxil
scheme and half used the nominative/refle
pronoun scheme.

For the third and fourth target sentence typ
the neuter noun in indirect object position, e
het meisje(the girlNEU), was replaced by a s
mantically comparable noun of common g
der, e.g.,de vrouw(the womanCOM). In the 60
mmediate-complement sentences this c
le

-

f

e
-

r
in
-

r-

-

,
t

it
e
-
e
t
y
e

,
,

-

-

mon-gender noun was followed bydat, which
in this construction disambiguated in favor o
complement-clause reading (because [NP the
womanCOM thatRELPR(NEU) . . .] violates grammat
cal gender agreement). Finally, in the 60 imm
diate-relative sentences the common-ge
noun was followed by the unambiguous rela
pronoundie for such nouns.

To minimize eye movement artifacts in t
EEG records and to provide good time-lock
for later ERP analysis and interpretation,
target sentences were displayed with seria
sual presentation, with every new word cente
on the screen. Every critical word had at m
10 letters, all others had at most 12 letters,
the longest target sentence contained 12 w
(average length5 10.5 words).

Context stories.Every story introduced th
agent of the later target sentences (e.g.,David)

nd two potential recipients, of some later m
age (e.g., two girls or a girl and a boy), a
hich the story provided discriminative qua
cations for each (e.g., X had stayed in bed
orning, Y had been on the phone all the tim

o that a restrictive relative clause could fel
ously apply. We took great care to avoid fo
rounding one candidate referent at the exp
f the other one to such an extent that refere
mbiguity might be eliminated. The two can
ates were of roughly equal salience and q

fied such that the later target sentence mes
David told X/Y that Z) could equally plausibl
e directed at either one. Also, in half of
tories in each condition the referent selecte
he target sentence was mentioned first, an
alf it was mentioned second. Furthermore
ot confound the effects of syntactic disamb
ation with those of referential disambiguati
e carefully phrased our stories such that
arly-relative disambiguation resolved the s

actic ambiguity without yet selecting either
he referents.

For each item, the one- and two-referent c
ext stories only differed in the number of r
rents made available for the later critical
e.g., either a girl and a boy or two girls forhet
eisje; see Tables 1 and 2, upper half).
void a lexical priming confound, the noun t
ould become critical in the target sentence
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155REFERENTIAL ERP EFFECTS IN SENTENCE PROCESSING
used twice in both the one- and the two-refe
story.

To attenuate the visual strain associated
serial visual presentation and ERP record
conditions, context stories were presented a
torily. They were read by a female nat
speaker who used a normal speaking rate
intonation while minimizing prosodic diffe
ences between the two phrases that qualifie
candidate referents as well as between the
consecutive stories of every item. All stor
were digitally recorded in a single session,
ginning with the one-referent story of half of t
items (randomly selected) and with the tw
referent story of the other half. A native listen
monitored all story pairs for possibly disrupt
prosodic differences, and problematic reco
ings were redone. The DAT-recordings w
subsequently sampled at 16-kHz mono
stored on disk. An average recorded story la
approximately 11 s.

Pretests.We evaluated the effectiveness
he expletive/auxiliary (er/had) and nominative
eflexive (ze/zich) disambiguation schemes
wo written questionnaire pretests. In the fi
4 subjects were asked to complete 20 isol

arget sentences that had been truncated
fterer, had, ze,andzichwith five items of eac

type. These sentences were randomly in
mixed with 119 filler sentences truncated
other points in two different random orders.
the second pretest, 26 subjects were aske
complete 30 target sentences, again trunc
right after er, had, ze,and zich, but now pre
sented in a one- or two-referent context in
random orders.

When presented in isolation, targets trunca
with er or ze both elicited 100% complemen
clause continuations, and those truncated
had or zich elicited 97.5% and 99.2% relativ
lause continuations respectively. When p
ented in a discourse context, targets trunc
ith er or ze elicited 92.3 and 99.3% comp

ment-clause continuations respectively,
those truncated withhador zichelicited 98.0%
and 97.3% relative-clause continuations res
tively, all averaged across referential conte
The latter factor did have its own small num
ical effects, but never did an “unfavorable” co
t

h
g
i-

d

e
o

-

-

d
d

,
d
ht

r-
t

to
d

d

h

-
d

d

c-
.

text cause a disambiguating construction
drop below 88.5% responses of the inten
type. Thus, both disambiguation schemes o
ated as intended to a sufficient degree, e
under opposing discourse biases.

Randomizations.We constructed two diffe
ent trial lists, one for 12 subjects each. Every
contained the 43 60 critical target sentence
For the first list, half of each target sente
subset was pseudorandomly paired with a
referent context story, and the other half w
paired with a two-referent story, complet
crossing this factor with item disambiguat
scheme and referent order. The 240 resu
trials were pseudorandomly mixed such that
same type of context, type of target sente
disambiguation scheme, or referent order
not occur more than four times consecutiv
and such that trials of each type were matc
on average list position. The second stimu
list was derived from the first by swapping o
and two-referent context stories only.

To address a research question orthogon
current purposes (see van Berkum, Hagoo
Brown, in press), 40 of the 240 target senten
also contained a semantically odd word in
remainder of the sentence, i.e., after all im
diate and early syntactic disambiguation. T
oddity hinged on the semantic relation betw
a target sentence and its discourse context
was, for current purposes, merely expecte
distract the subjects’ attention from aspect
the design at hand. This factor was comple
crossed with the referential manipulation.

Procedure

Subjects were tested individually in a dim
lit sound-attenuating booth. They were seate
a comfortable reclining chair, instructed
move as little as possible, and told that t
would be presented with a series of short
sodes, with the first part of each played o
headphones and the last sentence shown w
by-word on a computer screen. Subjects w
asked to process each episode for compre
sion. They were free to blink and move th
eyes during the spoken part of each episode
instructed to fixate on the screen and avoid
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156 VAN BERKUM, BROWN, AND HAGOORT
movement during the written part. No ad
tional task demands were imposed.

Each trial began with a 300-ms audito
warning tone over headphones, followed by
ms of silence and then a spoken context st
At 1000 ms after offset of the spoken part,
visual presentation of the target sentence be
word-by-word in white lowercase Arial lette

FIG. 1A. Referential ambiguity effect: Grand
one-referent context (solid line) and a two-referen
the critical noun is at 0 ms, the next word (CW1 1) fol
and approximately 2296 trials. Negativity is plotte
0
.

n,

(plus sentence-initial capitalization) agains
dark background in the center of a VGA co
puter screen. Viewing distance was appr
mately 110 cm, and the largest word subten
a visual angle of about 3.1 degrees horizont
and 0.5 degrees vertically. Each word was
sented for 300 ms, followed by a blank scr
for another 300 ms, after which the next w

rage ERPs elicited by singular nouns presented in
ntext (dotted line) across all sentence types. The ons
s at 600 ms. Each waveform averages over 24 subjects
pward in this and all following figures.
ave
t co
low
d u
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157REFERENTIAL ERP EFFECTS IN SENTENCE PROCESSING
appeared. The final word was presented
gether with a period sign, and 2500 ms afte
offset the next trial began. To inform subje
when they were allowed to blink and move th
eyes, an asterisk was displayed from 1600
after written target sentence offset to the of
of the next trial’s spoken context story. Afte
short practice, the trials were presented in
blocks of 15 min, separated by rest periods

FIG. 1B. Referential ambiguity effect:
-
s

s
t

e

EEG Recording and Analysis

The EEG was recorded from 13 tin electro
in an electrode cap; each referred to the
mastoid. Three electrodes were placed acc
ing to the international 10-20 system over m
line sites at Fz, Cz, and Pz locations. Ten e
trodes were placed laterally over symmetr
positions: left and right frontal (F7, F8), anter
temporal (LAT, RAT, halfway between F7-T

- minus one-referent difference waveforms.
two
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158 VAN BERKUM, BROWN, AND HAGOORT
and F8-T4 respectively), temporal (LT, RT, l
erally to Cz, at 33% of the interaural distanc
temporoparietal (LTP, RTP, posterior to Cz
13% of the nasion–inion distance, and later
by 30% of the interaural distance each),
occipital (LO, RO, halfway between T5-O1 a
T6-O2 respectively). Vertical eye moveme
and blinks were monitored via a supra- to s
orbital bipolar montage. A right-to-left canth
bipolar montage was used to monitor for h
zontal eye movements. Activity over the rig
mastoid bone was recorded on an additio
channel to determine if there were differen
contributions of the experimental variables
the two presumably neutral mastoid sites
such differential effects were observed). T
EEG and EOG recordings were amplified w
Nihon Kohden AB-601G bioelectric amplifie
using a hi-cut of 30 Hz and a time constan
8 s. Impedances were kept below 5 and 3 kO

TAB

Analyses of Variance (ANOVAs) of th
Latency Range Followi

Source df

Omnibus ANOVA (13 electrodes)
RC 1, 23
RC 3 Ge 1, 23
RC 3 Cl 1, 23
RC 3 El 2.8, 64.1
RC 3 Ge 3 Cl 1, 23
RC 3 Ge 3 El 3.5, 80.3
RC 3 Cl 3 El 3.1, 70.8
RC 3 Ge 3 Cl 3 El 3.1, 70.8

idline ANOVA (3 electrodes)
RC 1, 23
RC 3 El 1.5, 33.9

ateral ANOVA (2 3 5 electrodes)
RC 1, 23
RC 3 He 1, 23
RC 3 El 1.4, 32.1
RC 3 He 3 El 2.0, 45.6

Note.RC 5 referential context; Ge5 noun gender; Cl5
nly displays omnibus ANOVA tests that involve RC, an
egrees of freedom have been adjusted using the Box

* p , .05.
** p , .01.

*** p , .001.
,

d

-

l
l

f

for EOG and all other electrodes respectiv
The EEG and EOG signals were digitized
line with a sampling frequency of 200 Hz.

Prior to off-line averaging, all single-tri
waveforms were screened for eye moveme
electrode drifting, amplifier blocking, and EM
artifacts in a critical window that ranged fro
150 ms before onset of the indirect object N
determiner to 1200 ms after onset of the
critical word (CW). Trials containing such ar
facts were rejected (18.3%). Next, aver
waveforms were computed for each subjec
each critical word in each referential conditi
after normalizing the waveforms of the indiv
ual trials relative to a 150-ms prestimulus ba
line interval preceding the critical word (i.
after subtracting the mean amplitude in t
interval from all sample points in the epo
at hand). Subsequent analyses of varia
(ANOVAs) used mean amplitude values co

3

ean ERP Amplitude in the 300- to 600-ms
Onset of the Critical Noun

F MSe p

12.59 29.60 .002*
0.31 16.43 .586
0.02 13.78 .879
1.06 1.29 .369
0.37 13.22 .550
0.55 0.96 .679
2.41 0.93 .072
0.95 0.96 .422

7.12 17.16 .014*
0.79 0.98 .428

14.80 17.20 .001*
2.56 1.82 .123
0.95 1.51 .368
0.43 0.23 .653

ter) clause type; El5 electrode; He5 hemisphere. Tab
idline/lateral ANOVA tests of additional interest. Fract
silon hat procedure.
LE

e M
ng

(la
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159REFERENTIAL ERP EFFECTS IN SENTENCE PROCESSING
puted for each subject in time windows t
were suggested by earlier findings and by vi
inspection of the grand average waveforms.2 All
parsing-related P600/SPS effects were teste
a latency window of 500–700 ms after onse
the critical word, which is where the P600/S
is commonly observed. UnivariateF tests with
more than 1 degree of freedom in the numer
were adjusted by means of the Greenho
Geisser/Box’s epsilon hat correction.

All results were first evaluated in an omnib
ANOVA that included a 13-level electrode fa
tor orthogonal to the rest of the design. T
scalp distribution of various ERP effects w
subsequently explored in two separate AN
VAs, one with a three-level midline-electro
factor (Fz, Cz, Pz) and the other with a he
sphere (left, right)-by-lateral electrode (F7/
LAT/RAT, LT/RT, LTP/RTP, LO/RO) design

RESULTS

Referential Ambiguity Effect

Figure 1A displays, for each electrode,
grand average waveforms elicited by a sing
noun presented in a one-referent or a two-
erent context, averaged across four sent
types, and using a pre-stimulus baseline of
ms preceding the critical noun. The correspo
ing difference waveforms, each computed
subtracting the grand average ERP in the
referent condition from that in the two-refere
condition, are displayed in Figure 1B. In the
and all following figures, positive voltage
plotted downward, the critical word is presen
at 0 ms, the next word follows at 600 ms, a
the signals are normalized relative to the 150
interval preceding the onset of the critical wo

Each individual word can be seen to elicit
N1–P2 complex in the first 250 ms after

2 Item analyses are usually not performed on ERP da
art because stable average ERPs per item and con
ould require prohibitively large numbers of subjects

he subject analyses, however, average ERPs per s
nd condition always involve a large numbers of ite
hich reduces the probability that the results hinge on
few odd items. For the current study, one should also

hat we manipulated referential context within-items, so
ifferences between items, if any, were completely ort
nal to our critical comparison.
l

in
f

r
-

-

,

r
-
ce
0
-

-

s
.

onset. Also, a clear P1 component precede
N1–P2 complex at occipital sites. These
typical ERP profiles for visually presented m
terial. More interesting, the waveforms clea
show that the referential status of a sing
noun has very rapid processing effects: whe
singular definite NP such ashet meisjeis refer-
entially ambiguous, the NP’s head noun elici
negative deflection in the average wavefo
that begins somewhere between 250 and 30
relative to a situation in which the same
does have a unique referent in context. T
effect shows up at all electrode sites, appea
be somewhat larger over the left than over
right hemisphere, lasts for several hundred
milliseconds, and is particularly persistent
anterior and central locations, where it en
the time domain of the next word in the s
tence.

As can be seen in Table 3, statistical anal
corroborates these observations. Using m
amplitude in the interval of 300–600 ms af
onset of the critical noun, an omnibus ANOV
with referential context (one- or two-referen
noun gender (neuter or common), clause
(complement or relative-clause disambigua
in later sentence parts), and electrode (13 s
yielded a significant effect of referential co
text. On average, the mean waveform amplit
in the critical 300–600 ms after noun onset w
0.8 mV more negative for nouns presented i
two-referent context than for the same no
presented in a one-referent context. In this
tency window, referential context did not s
nificantly interact with electrode site. As e
pected, it also did not interact with noun gen
and/or clause type, which indicates that the
of the referential ambiguity effect did not diff
statistically across the four target sentence t
defined for the parsing issue. Similar res
were obtained in the topographical analysis
midline and lateral electrode subsets (see
ble 3).

Because the waveforms were normali
with a 150 ms baseline just before the noun,
effect at hand cannot be attributed to a dif
ential influence of discourse context on the s
of the sentence processorbeforeit encountere
the noun. In fact, no referential context effe

n
on

ct
,
t
te
t
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160 VAN BERKUM, BROWN, AND HAGOORT
could be observed at all in the recording ep
prior to the noun. This was confirmed by
control ANOVA on mean amplitude in th
equivalent 300- to 600-ms interval after onse
the preceding article (context main effe
F(1,23)5 0.31,MSe 5 15.70,p 5 .585).

Figures 1A and 1B suggest that referen
context begins to exert a differential effect

FIG. 2A. Early-complement sentences: Grand a
a one-referent context (solid line) and a two-refere
(er or ze/hij) is at 0 ms, the next word (CW1 1) follo
and approximately 574 trials.
h

f

l

the average ERP somewhere between 250
300 ms after onset of the critical noun. To fi
out at what point in time the waveforms o
tained in the one- and two-referent conte
begin to diverge significantly, we carried o
two-tailed repeated-measurest tests on th
mean amplitude in a 50-ms latency window t
was for each test shifted 10 ms rightward o

age ERPs elicited by early-complement disambiguatio
ontext (dotted line). The onset of the disambiguating w
at 600 ms. Each waveform averages over 24 subjects
ver
nt c
ws
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161REFERENTIAL ERP EFFECTS IN SENTENCE PROCESSING
the signal (i.e., 200–250 ms, 210–260 ms, e
Taking the onset of the first of at least fi
consecutive latency ranges with a significat
value as the onset of the referential con
effect, this analysis revealed that the wavefo
begin to diverge significantly at about 280
after onset of the critical noun [t(23) 5 2.42,
SD 5 1.11,p 5 .024].

FIG. 2B. Early-complement sentences: garden
difference waveforms.
).

t
s

Referential Context Effects in Parsing

Early-complement sentences.For this sen
tence type, the complement/relative-clause
biguity generated bydatwas resolved as a com

lement clause by the next word (er, ze,or hij).
igure 2A shows, for each electrode, the gr
verage waveforms elicited by early-comp

thing minus supportive context (two-minus one-refere
-pa
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162 VAN BERKUM, BROWN, AND HAGOORT
ment disambiguation in a one-referent or a t
referent context. For each of the differen
waveforms in Fig. 2B, the ERP in the (suppo
ive) one-referent condition was subtracted fr
that in the (potentially garden-pathing) two-r
erent condition, so that a predicted garden-
effect, if any, would show up in the corre
polarity.

The grand averages in Figs. 2A and 2B rev
a P600/SPS in the waveform in a two-refer
context, relative to a one-referent context, a
but the occipital locations. The P600/SPS
be seen most easily at parietal sites (LTP,
RTP), where it has an onset of about 450–
ms and a duration of several hundreds of m
seconds, both typical characteristics for
type of effect. But the difference waveforms
Fig. 2B show that it also emerges, at about
same time, at more anterior locations, al
superimposed on a positive trend with a m
earlier onset. In either case, the P600/SPS e
peaked at about 600–700 ms.

In Fig. 2B, the early positive trend at anter
electrode sites in the two-referent context ca
seen to begin right at the onset of the cur
critical word, with effectively a 0-ms dela

TAB

Analyses of Variance (ANOVAs) of the Mean
Following Onset of the Early-Comp

Source df

Omnibus ANOVA (13 electrodes)
RC 1, 23
RC 3 El 3.1, 72.2

Midline ANOVA (3 electrodes)
RC 1, 23
RC 3 El 1.3, 29.8

Lateral ANOVA (2 3 5 electrodes)
RC 1, 23
RC 3 He 1, 23
RC 3 El 1.4, 31.4
RC 3 He 3 El 2.2, 51.2

Note.RC 5 referential context; El5 electrode; He5 he
ractionated degrees of freedom have been adjusted

* p , .05.
** p , .01.

*** p , .001.
-
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This means that it cannot plausibly have b
triggered by the latter (which, after all, needs
be read and recognized first). Instead, the e
trend appears to be the result of the ea
referential ambiguity effect interacting with i
herent limitations of the normalization proc
dure.3

As can be seen in Table 4, an omni
ANOVA of mean amplitude in the 500-

3 The normalization procedure accurately adjusts for
ier effects as longs as they are stable, i.e., do not sub
ially change in size when going from the prestimu
aseline interval to the subsequent epoch under inve

ion. The earlier referential ambiguity effect, however,
t the more anterior sites approximately reached its m
um in the current prestimulus baseline interval and b

o decline immediately thereafter (in Fig. 2B, a hint of
an be seen in the baseline interval at anterior sites, e.g
nder such conditions, normalization actually leads to

ncreasing overcorrection, since it partials out, as a cons
he approximatelymaximalreferential ambiguity effect siz
bserved in the current normalization window from la
arts of the waveforms where this effect is in fact declin
s referential ambiguity yielded a negative deflection

wo-referent waveforms (see Fig. 1A), the net effect of
ormalization at hand is one of subtracting an increas
verestimated negativity from two-referent waveform

he anterior sites.

4

P Amplitude in the 500- to 700-ms Latency Range
ent Disambiguating Wordser or ze/hij

F MSe p

45.50 25.24 .000**
14.28 1.69 .000**

31.32 12.84 .000**
13.07 2.43 .000**

49.27 15.52 .000**
1.38 5.50 .252

37.44 1.31 .000**
2.12 0.39 .126

sphere. Table only displays ANOVA tests that involve
g the Box epsilon hat procedure.
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163REFERENTIAL ERP EFFECTS IN SENTENCE PROCESSING
700-ms interval after CW onset, by referen
context (one- or two-referent) and electrode
sites), yielded a significant effect of referen
context as well as a significant interaction
referential context and electrode site. On a
age, the mean waveform amplitude in the c
ical 500–700 ms after early-complement dis
biguation was 2.7mV more positive for targe
presented in a two-referent context than for
same targets presented in a one-referent con
As would be expected given Figs. 2A and
both the midline and the lateral ANOV
showed that the referential context effect w
significantly larger over more anterior regio
of the scalp than over more posterior ones.
lateral analysis also revealed that referen
context did not interact with hemisphere.
simple effects tests at individual electrode si
significant context effects emerged at all but
occipital electrodes. Separate control anal
revealed that the specific disambigua
scheme did not matter.

The difference waveforms at the occip
sites suggest that, although the P600/SPS is
visible in the waveform morphology, it is pr
ceded by a small negativity peaking at aro
400 ms. In an ANOVA on mean amplitude
the 300- to 450-ms latency window, howev
no significant differences were found.

At the preceding worddat,referential contex
id not have systematic effects [e.g., con
ain effect on mean amplitudes in the 500
00-ms latency window:F(1,23) 5 0.91,

MSe 5 48.23, p 5 .350] over and above th
ustained (and rather persistent) frontal neg
ty triggered by the noun before.

Early-relative sentences.In these sentence
he complement/relative-clause ambiguity g
rated bydat was resolved as a relative clau

by the next word (usuallyzich or had). Figure
A shows the average waveforms elicited
arly-relative disambiguation in a one-refer
r a two-referent context. For each of the c
esponding difference waveforms in Fig. 3
he ERP in the (now supportive) two-refer
ondition was subtracted from that in the (n
otentially garden-pathing) one-referent con

ion, so that predicted garden-path effects wo
gain show up in the correct polarity.
l

l

-
-
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e
xt.
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Early-relative disambiguation elicited a sm
ut consistent P600/SPS in the waveform
ne-referent context, relative to a two-refer
ontext, with an onset of about 450–550 m
eak amplitude around 650 ms, and a dura
f several hundreds of milliseconds.
Table 5 displays the ANOVA results f
ean amplitudes in the 500- to 700-ms inte
fter onset of the critical word. The omnib
NOVA with all 13 electrodes revealed a s
ificant effect of referential context, which d
ot vary significantly as a function of electro
ite. On average, the mean waveform ampli
n the critical 500–700 ms after early-relat
isambiguation was 1.0mV more positive fo

targets presented in a one-referent context
for the same targets presented in a two-refe
context. The midline and the lateral ANOV
results confirmed that the referential con
effect did not significantly depend on scalp
gion parameters. Separate analyses reve
that the specific disambiguation scheme did
matter. Also, the current effect of referen
context is clearly in the opposite direction
that at early-complement disambiguation,
was confirmed by an additional ANOVA [re
erential context3 clause type:F(1,23)5 40.71
MSe 5 26.04,p , .001].

As can be seen in Fig. 3A and, particularly
Fig. 3B, there are also earlier negative defl
tions in the one-referent condition relative to
two-referent condition. At anterior sites, a n
ative shift develops right at the onset of
critical word and as such it resembles the e
trend observed for early-complement sente
(compare, for instance, the waveforms at F
Figs. 2B and 3B, taking into account that
subtraction for Fig. 3B is the reverse of t
used for Fig. 2B). This is again most likely
side-effect of normalization, as one would
pect at these sites if our earlier account is
rect.4 Note, however, that the morphology of

4 See again footnote 3. Note, however, that wherea
arly positive trend in two-referent contexts accumul
ith the P600/SPS effect observed in two-referent con
t early-complement disambiguation (see Fig. 2B), the
esponding early negative trend at hand hereworks agains
he P600/SPS effect observed in one-referent contexts
ig. 3B).
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164 VAN BERKUM, BROWN, AND HAGOORT
difference waveforms at the more posterior
cations is qualitatively different; here, a disti
N400-like negative deflection shows up at ab
200–250 ms after word onset. An ANOVA
mean amplitude in a 300- to 450-ms late
window revealed significant effects of refer
tial context at LTP, RTP, and Fz, but no su
effects at the other 10 locations.

FIG. 3A. Early-relative sentences: Grand ave
one-referent context (solid line) and a two-referen
(hador zich) is at 0 ms, the next word (CW1 1) follo
and approximately 574 trials.
-

t

As in the early-complement target senten
referential context did not have systematic
fects at the preceding worddat [e.g., contex

ain effect on mean amplitudes in the 500
00-ms latency window:F(1,23) 5 1.51,

MSe 5 22.01, p 5 .232] over and above th
sustained frontal negativity triggered by
noun before.

e ERPs elicited by early-relative disambiguation in
ntext (dotted line). The onset of the disambiguating w
at 600 ms. Each waveform averages over 24 subjects
rag
t co
ws
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165REFERENTIAL ERP EFFECTS IN SENTENCE PROCESSING
Immediate-complement sentences.These
were target sentences for which we assu
that the critical worddat both generated th
complement/relative-clause ambiguity and,
the grounds of subsequently computed ge
agreement, resolved it as a complement cla
Figure 4A displays the grand average wa
forms elicited by dat in a one-referent or
two-referent context. For each of the differe

FIG. 3B. Early-relative sentences: garden pathi
ence waveforms.
d

r
e.
-

waveforms in Fig. 4B, the ERP in the (no
again supportive) one-referent condition w
subtracted from that in the (potentially gard
pathing) two-referent condition.

As can be seen in these figures, immedi
complement disambiguation elicited a P6
SPS in the waveform in a two-referent conte
relative to a one-referent context, at all fron
and anterior temporal sites as well as at

minus supportive context (one-minus two-referent) diff
ng
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166 VAN BERKUM, BROWN, AND HAGOORT
right-temporal site. The P600/SPS effect ha
onset of about 450–500 ms, a peak amplit
around 650 ms, and a duration of several h
dreds of milliseconds.

Table 6 shows that the omnibus ANOVA
the mean amplitude in the interval of 500–7
ms after onset of the critical word did not yie
a significant main effect of referential conte
Instead, there was a significant interaction
referential context and electrode site, reflec
the specific anterior distribution of the effe
The midline and lateral ANOVAs both revea
that the referential context effect was ind
significantly larger over more anterior regio
of the scalp than over more posterior ones
addition, the lateral analysis confirmed a rig
left asymmetry of the referential context effe
Simple effects tests at individual electrode s
yielded a significant context effect at F7, Fz,
RAT, and RT.

As before, we also tested for earlier N4
like negativities in a 300- to 450-ms laten
window. The ANOVA on mean amplitude
this window revealed no significant effects
referential context at any of the 13 electro
locations.

TAB

Analyses of Variance (ANOVAs) of the Mean
Following Onset of Early-Relat

Source df

Omnibus ANOVA (13 electrodes)
RC 1, 23
RC 3 El 3.1, 70.2

Midline ANOVA (3 electrodes)
RC 1, 23
RC 3 El 1.4, 33.1

Lateral ANOVA (2 3 5 electrodes)
RC 1, 23
RC 3 He 1, 23
RC 3 El 1.4, 31.1
RC 3 He 3 El 2.0, 45.7

Note.RC 5 referential context; El5 electrode; He5 he
ractionated degrees of freedom have been adjusted

* p , .05.
** p , .01.

*** p , .001.
n
e
-

f
g

n

s
,

Although immediate-complement senten
resolve the complement/relative-clause amb
ity at dat,we looked for additional effects at t
subsequent wordser andze(or hij), which also
rule out the relative-clause alternative, alb
redundantly. No relevant effects of referen
context were observed in the waveforms, as
confirmed by mean amplitude ANOVAs in t
500- to 700-ms latency range following t
onset of these words.

Immediate-relative sentences.Having the rel
ative pronoundie instead of the ambiguo
word dat, this final set of target sentences w
not assumed to generate a complement/rela
clause ambiguity. Figure 5A shows the gra
average waveforms elicited bydie in a one
referent or a two-referent context. Figure
displays the corresponding difference wa
forms, each computed by subtracting the ER
the two-referent condition from that in the on
referent condition (as was done for early-re
tive sentences).

In the critical 500- to 700-ms latency ran
immediate-relativedie did not elicit any sys
tematic difference in the waveforms obtained
one- and two-referent contexts respectively

5

P Amplitude in the 500- to 700-ms Latency Range
Disambiguating Wordszich or had

F MSe p

5.32 27.76 .030
1.33 1.47 .271

4.46 15.30 .046
2.64 1.49 .101

5.46 15.96 .029
0.78 3.29 .387
0.59 1.74 .496
1.43 0.24 .250

sphere. Table only displays ANOVA tests that involve
g the Box epsilon hat procedure.
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167REFERENTIAL ERP EFFECTS IN SENTENCE PROCESSING
Table 7, omnibus ANOVA). The midline an
lateral ANOVAs suggest that the referen
context factor to some extent interacted w
topographical factors (particularly positi
along the midline), but simple effects tests
individual electrode sites yielded no signific
context effect at any site.

The one-referent minus two-referent diff
ence waveforms in Fig. 5B do reveal a cl
early negativity at parietal and posterior lo
tions, peaking at about 350 ms. The ANOVA
mean amplitude in a 300- to 450-ms late
window confirmed that there was a signific
effect of referential context at LTP, Pz, RT
LO, and RO. In view of the virtually immedia
onset of this posterior effect, however, we h
itate to classify (all of) it as a regular N4
effect.

To be able to compare results across ta
sentence conditions, we also examined the
data at the subsequent wordshad and zich,

hich again enforce the relative-clause alte
ive, albeit redundantly. No consistent effects
eferential context could be observed in
aveforms, as was confirmed by mean am

ude ANOVAs in the 500- to 700-ms laten
ange following the onset ofhad andzich.

All critical sentence types.Table 8 schema
cally displays the referential context effe
bserved at various critical and control w
ositions in the four target sentence types.
We observed reliable P600/SPS at early-

mmediate-complement disambiguation in tw
eferent contexts and at early-relative disam
ation in one-referent contexts. The three

ects had a very similar time course, in line w
ther P600/SPS effects reported in the lit

ure: each emerged somewhere between
nd 550 ms after onset of the critical word a

asted for several hundreds of millisecon
lso note that all three effects peaked at ab
00–700 ms. Nevertheless, the analyses
uggest differences in magnitude and scalp
ribution. We therefore compared the three
ects in several additional ANOVAs (in whic
he referential context factor was always
oded as garden-pathing versus support
ot surprisingly, a joint analysis combining

hree showed that mean amplitude in the P
t

r

t

-

t
P

-
f

-

d

-
-

-
0

.
t

id
-

-

-
).

/

PS window (500–700 ms after critical wo
nset) differed significantly across the ea
omplement, early-relative, and immedia
omplement sentence types [referential con
sentence type:F(2.0,44.9)5 6.54, MSe 5

31.88, p 5 .003]. Pairwise analyses revea
significant differences between early-comp
ment and early-relative sentences in the siz
the mean referential context effect [F(1,23) 5
8.76, MSe 5 26.96, p 5 .007] and betwee
early-complement and immediate-complem
sentences [F(1,23)5 11.30,MSe 5 33.06,p 5
.003], but not between early-relative and imm
diate-complement sentences [F(1,23) 5 0.44,

Se 5 35.60,p 5 .514].
Furthermore, the three effects differed

their scalp topography. After the appropri
data transformations for testing differences
scalp distribution (e.g., Ro¨sler et al., 1993; se
also McCarthy and Wood, 1985), a joint an
ysis with three sentence types revealed a r
ential context3 13-electrode3 sentence typ
interaction [F(7.4,171.1)5 4.10, MSe 5 0.57,
p , .001]. Pairwise analyses revealed sign
cant differences in effect topography betw
early-complement and early-relative senten
[F(4.2,96.8)5 5.22, MSe 5 0.61, p 5 .001],

etween early-complement and immmedi
omplement sentences [F(4.7,107.5)5 2.58,
Se 5 0.51, p 5 .034], and between earl

elative and immediate-complement senten
F(3.9,90.3)5 4.24, MSe 5 0.60, p 5 .004],
ach time reflecting distributional shifts alo

he anterior-posterior axis only.

DISCUSSION

We recorded event-related brain poten
rom subjects who were reading sentences in
ontext of short introductory stories. The sto
aried in the number of suitable referents t
ntroduced for a singular definite noun phrase
as embedded in the later target sentence
avid verteldehet meisjedat . . . , David told the
irl that . . .). A one-referent story presented ju
ingle unique referent, whereas a two-refe
tory introduced two candidate referents for
oun phrase (cf. Crain & Steedman, 1985).
RP results showed (a) that when processing

arget sentence, readers very rapidly relate
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168 VAN BERKUM, BROWN, AND HAGOORT
noun phrase to potential referents in their re
sentation of the earlier discourse and (b) that
can immediately use the resulting information
parse a subsequent local structural ambiguity

Possible Methodological Concerns

Before we discuss these findings, we add
a number of possible concerns over aspec

FIG. 4A. Immediate-complement sentences: Gr
biguation in a one-referent context (solid line) a
disambiguating word (dat) is at 0 ms, the next word
over 24 subjects and involves approximately 574
-
y

s
of

our methodology. First, the subjects in our
periment had no other task than to listen
read for comprehension. We did not use a
tional questions or secondary judgement ta
Instead, we simply tried to make our mater
as interesting and varied as possible within
constraints of the design and assumed that
by itself would engage the subject to a suffic

average ERPs elicited by immediate-complement dis
a two-referent context (dotted line). The onset of t
r ze/hij) follows at 600 ms. Each waveform averages
ls.
and
nd
(er o
tria



bl
s t
om

ult
ate
ree
os
tha
tur

rt of
haps
we
the

ords
s of
c-
get

that,
ble

e-

169REFERENTIAL ERP EFFECTS IN SENTENCE PROCESSING
degree. Although we see this as a valua
feature of our design, it may raise concerns a
whether our subjects indeed processed for c
prehension.

To us, it seems that the pattern of res
reported above—a negative shift associ
with referentially ambiguous nouns and th
context-induced P600/SPS effects—is m
parsimoneously accounted for by assuming
subjects were processing the stories in a na

FIG. 4B. Immediate-complement sentences: g
referent) difference waveforms.
e
o
-

s
d

t
t

al

way and were establishing reference as pa
their natural language comprehension. Per
more compelling, though, is the fact that
obtained, in the same experiment and for
same subjects, a standard N400 effect to w
that were designed to violate the semantic
the global discourse. These critical words o
curred in the remainder of several of our tar
sentences, and each had been chosen such
although the word was perfectly accepta

en pathing minus supportive context (two- minus on
ard
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170 VAN BERKUM, BROWN, AND HAGOORT
within this local sentence, it did not make se
given the earlier discourse context. For insta
for the first target sentence in Table 1, the w
visitors, which makes good sense in the glo
discourse, would be replaced by something
sharks, which makes much less sense gi

hat the discourse was about (see van Berk
agoort & Brown, in press, for details). A se
rate control experiment confirmed that the
ulting N400 effect hinged on the semantic

ationship between the critical word and
arlier discourse context. Our subjects had

ndeed been processing the materials for c
rehension. They were also clearly able to t
ritten sentences as a continuation of spo
iscourse.
Another possible concern relates to our us

serial visual presentation. Because the
movements that occur during natural read
are detrimental to the recording of ERPs, w
ten target sentences were displayed with a fi
600-ms word-onset asynchrony. This is s
dard procedure for ERP research on sent
processing. But because readers normally fi
for about an average of 200–250 ms only, d
with much variability, and frequently sk

TAB

Analyses of Variance (ANOVAs) of the Mean
Following Onset of the Immediat

Source df

Omnibus ANOVA (13 electrodes)
RC 1, 23
RC 3 El 3.5, 80.2

Midline ANOVA (3 electrodes)
RC 1, 23
RC 3 El 1.3, 30.5

Lateral ANOVA (2 3 5 electrodes)
RC 1, 23
RC 3 He 1, 23
RC 3 El 1.4, 32.7
RC 3 He 3 El 1.7, 38.6

Note.RC 5 referential context; El5 electrode; He5 he
ractionated degrees of freedom have been adjusted

* p , .05.
** p , .01.

*** p , .001.
e
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shorter words entirely (Rayner & Sere
1994), it is important to consider to what ext
this mode of presentation may have had
impact on the current result.

We deliberately decided to begin our exp
rations of ERPs in discourse with written tar
sentences presented at a relatively slow pre
tation rate (compared to average natural rea
rates) to minimize the probability that the E
components elicited by two consecutive wo
would overlap. This is a common and desira
research strategy when using the ERP met
ology in unexplored language territory, and i
of overriding importance when the hypothe
require that effects can unequivocally be
cribed to particular words. Given, for instan
that the P600/SPS usually begins at about
ms after onset of a critical word, the use
either a faster written word rate (e.g., a 250
SOA) or natural connected speech (two to th
words per second on average; Levelt, 19
would have made it difficult to unequivoca
interpret our effects as P600/SPS effects elic
by a critical disambiguating word rather th
say, a very early positivity elicited by thenext
word.

6

P Amplitude in the 500- to 700-ms Latency Range
omplement Disambiguating Worddat

F MSe p

1.50 28.68 .233
6.68 1.07 .000**

0.39 14.10 .536
8.03 1.55 .005**

2.20 17.35 .151
5.80 1.35 .024*

12.25 1.06 .000**
0.16 0.34 .812

sphere. Table only displays ANOVA tests that involve
g the Box epsilon hat procedure.
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171REFERENTIAL ERP EFFECTS IN SENTENCE PROCESSING
As long as it is notextremelyfast (e.g., Mas
son, 1983) or slow, though, serial visual pres
tation as such does not seem to be overly
ruptive of the normal reading process (cf. Ku
& Van Petten, 1994). In our lab, for instan
we have observed that violations of synta
constraints as well as of preferred struct
assignments elicit highly comparable P600/S
results regardless of whether sentences
presented with serial visual presentation
600-ms SOA (Hagoort et al., 1993), at 250-
SOA (Hagoort & Brown, 1998), or as natu
connected speech (Hagoort & Brown, 199
The semantic integration processes that ar
flected by the N400 component also do
seem to depend much on whether one us
serial visual presentation rate that approxim
natural average reading times, a slower 600
SOA rate, or connected speech (Kutas, 1
Hagoort & Brown, 1998). As another examp
Kutas (1997) recently reported that embed
relative clause constructions presented eith
natural connected speech or with serial vis
presentation at a 500-ms SOA elicit remarka
similar ERP patterns in the slow-wave doma

We take such findings to show that a n
result solely obtained in a 600-ms SOA se
visual presentation paradigm should not
lightly discarded because of that paradigm.
course, what the above-mentioned genera
tion studies clearly donot show is that such
new result willnecessarilybe identical to wha

ould be obtained in natural connected spe
odality-specific effects may appear, for a

iety of interesting as well as less interest
easons. Although we are confident that
urrent findings are not artifacts of the se
isual presentation procedure, an exact rep
ion study with natural connected speech is
ently running in our lab. Preliminary analys
uggest a highly comparable pattern of res
albeit more noisy, due to component over
rom critical words with very short SOAs).

stablishing Reference in Discourse Conte

Our first objective was to study the nature
eferential processes that relate sentences to
ier discourse. Do readers try to identify t
-
-

l
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.
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r
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ar-

referent(s) of a noun phrase in an increme
fashion, i.e., as soon as they have a nou
work with, or do they delay such referent
processing, e.g., because the next few word
the sentence might provide useful further in
mation? The differential ERPs elicited by r
erentially ambiguous and referentially succe
ful nouns clearly suggest that the search
referents was initiated at the noun and, m
over, that the processing system can very
idly determine whether a noun is referentia
ambiguous. In the constructions tested here
system does not wait to see how the sent
develops (as suggested by Garrod & Sanf
1994). Also, it does not wait until the wo
following the noun indicates that the NP can
closed (as was assumed by Perfetti & B
1995). Rather, at least some basic refere
processes are initiated, and deliver their re
within some 280 ms after noun onset (a la
part of which will be needed to first recogn
the noun and, presumably, parse it as mod
by a definite article). In this respect, the me
anisms that establish reference are on a par
those that extract the syntactic and sema
structure of a sentence, mechanisms that
deliver vital information within only a few hun
dred milliseconds after the relevant lexical
put. This finding is readily compatible with
incremental processing perspective in which
ery new word is immediately related to a r
resentation of the preceding language inpu
several levels. The result also accords well w
other recent evidence that suggests that
phoric expressions are associated with t
linguistic antecedents without delay (e
Garnham et al., 1997).

The early onset of the differential ERP eff
by itself reveals that at least some basic f
about reference become available very quic
But referent identification is a complex proce
much of which need not be visible in the E
record. What exact aspect or consequenc
this process is generating the current ERP
fect? Because a referentially ambiguous n
may be less easy to integrate into a high-le
semantic representation of the discourse
might elicit a larger N400 than its unambiguo
counterpart. But although the referential am



an
an

he
ke
n-
ge
lef
&

w-
arly
rior

cts
ory
elate
ain

te-
set
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guity effect does develop around the relev
time, we cannot unambiguously classify it as
N400 effect. The latter is a modulation of t
N400 component, and as such clearly pea
fairly short-lived, larger posteriorly than a
teriorly, and frequently also somewhat lar
over the right hemisphere than over the
with written language stimuli (e.g., Kutas

FIG. 5A. Immediate-relative control sentences:
relative control sentences in a one-referent contex
of the first control word (die) is at 0 ms, the next co
averages over 24 subjects and approximately 57
t

d,

r
t

Van Petten, 1994). The current negativity, ho
ever, is much more persistent and less cle
peaked, particularly at central and ante
locations.

Another possibility is that our result refle
more extensive use of short- or long-term mem
resources. Both have been observed to corr
with slow negative shifts in event-related br

nd average waveforms for the critical part of immedia
olid line) and a two-referent context (dotted line). The on
l word (hador zich) follows at 600 ms. Each waveform
ials.
Gra
t (s
ntro
4 tr
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potentials (e.g., Friederici et al., 1996; King
Kutas, 1995; Kluender & Kutas, 1993; Kluend
& Münte, 1998; Kutas & King, 1996; Ro¨sler e
al., 1993; Ro¨sler, Pechmann, Streb, Ro¨der, &
Hennighausen, 1998). Referential ambiguity m
entail that the system must maintain two candi
fillers (or pointers to them) for an unresolv
single referential slot, thereby imposing an a
tional load on working memory (see Gibs
1998, for a related account). The availability

FIG. 5B. Immediate-relative control senten
y
e

-

two candidate referents for a singular NP may
lead to additional search in memory of ear
discourse to see if other, more subtle, clues
help to select the most plausible referent (e
saliency, focus, recency of mention).

Two caveats are in order. First, our char
terization of the current referential effect a
negativityassociated with referential ambigu
does not follow from the data as such. L
most other effects obtained in psycholingui

: one- minus two-referent difference waveforms.
ces
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research, the effect is a relative one, and it c
in principle be characterized as a positivity
sociated with referential success instead.

TAB

Analyses of Variance (ANOVAs) of the Mean
Following Onset of the Imm

Source df

Omnibus ANOVA (13 electrodes)
RC 1, 23
RC 3 El 3.7, 85.7

Midline ANOVA (3 electrodes)
RC 1, 23
RC 3 El 1.5, 33.8

Lateral ANOVA (2 3 5 electrodes)
RC 1, 23
RC 3 He 1, 23
RC 3 El 1.5, 34.2
RC 3 He 3 El 1.8, 41.4

Note.RC 5 referential context; El5 electrode; He5 he
ractionated degrees of freedom have been adjusted

* p , .05.
** p , .01.

*** p , .001.

TAB

Schematic Overview of

target sentence type
and discourse context David vertelde. . .

Early-complement . . .het meisje
1-Ref —
2-Ref NEG

Early-relative . . .het meisje
1-Ref —
2-Ref NEG

Immediate-complement . . .de vrouw
1-Ref —
2-Ref NEG

Immediate-relative . . .de vrouw
1-Ref —
2-Ref NEG

Note.Example target sentence illustrates expletive/a
complement/relative clause ambiguity are in bold.NEG 5
noun. All effects are relative to the alternative discour
preceding the current word.
d
-
e

chose to influence referential processing by
troducing referential ambiguity and theref
tend to view the effects of this as additio

7

P Amplitude in the 500- to 700-ms Latency Range
iate-Relative Control Worddie

F MSe p

0.19 27.76 .66
2.04 1.44 .10

0.27 17.23 .60
3.62 1.64 .05

0.14 15.15 .71
1.29 2.31 .26
2.97 1.36 .07
1.77 0.41 .18

sphere. Table only displays ANOVA tests that involve
g the Box epsilon hat procedure.

8

Referential Context Effects

dat er visite kwam.
— —
— P600/SPS

dat had zitten bellen. . .
— P600/SPS
— —

dat er visite kwam.
— —
P600/SPS —

die had zitten bellen. . .
— —
— —

liary disambiguation only. Words that resolve (or prec
ative deflection associated with referential ambiguity o
ondition and tested after normalization in the 150-ms
LE

ER
ed

mi
usin
LE

All

uxi
neg
se c
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processing consequences of this manipula
The observed similarity to memory-rela
frontal negativities makes sense and as
supports our construal. Second, it is impor
to note that we only usednominal anaphor

ere. Pronouns may well be associated
artly different referential processes (see,
arrod, 1994, for interesting suggestion
hether a referentially ambiguous prono

lso elicits a sustained frontal negativity is c
ently under investigation in our lab.

arsing in Discourse Context

It seems that people can very rapidly find
hether, in discourse, a noun is referenti
mbiguous. But can such discourse-le
nowledge also help them parse a subseq
ocal complement/relative-clause ambigu
he full set of ERP results, schematically
icted in Table 8, is most compatible with
ccount of parsing in which discourse con
an indeed influence the initial analysis o
tructural ambiguity. Early-complement-clau
isambiguation elicited a P600/SPS in two-
rent contexts. Early-relative-clause disamb
tion instead elicited a P600/SPS in one-re
nt contexts. Immediate-complement sente
gain elicited a P600/SPS in two-referent c

exts. Finally, no context-dependent P600/S
ffects were observed on any of the equiva
ontrol positions in the structurally unambig
us immediate-relative sentences. We dis
ach of these findings in turn.
Because the P600/SPS is known to refl
ithin the domain of language comprehens

he processing consequences of a word
enders the preferred structural analysis un
ble (e.g., Hagoort et al., 1993; Osterhout et
994), we interpret the P600/SPS effect elic
y early-complement disambiguation in tw
eferent discourse contexts as evidence
uch contexts had led the parser to prefer
elative-clause analysis, i.e., had lured it int
yntacticdead end. Such a context-induced g
en-path phenomenon is most compatible
odels of sentence processing that allow

ourse factors to affect the initial parse (e
rain & Steedman, 1985; Gibson, 1998; Lew
993; MacDonald, Pearlmutter, & Seidenbe
n.
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994; Spivey-Knowlton & Tanenhaus, 199
abor, Juliano, & Tanenhaus, 1997; Kemp
998; Kempen & Vosse, 1989). It is much l
ompatible with principled syntax-first accou
f parsing (e.g., Frazier, 1987; Mitchell et
995), which predict that the parser initia
lways prefers the complement-clause anal
egardless of the discourse context.

A discourse-induced P600/SPS effect a
merged when the structural ambiguity was
olved as a relative clause. But whereas e
omplement disambiguation elicited a P6
PS in two-referent contexts, the disamb
ating word in early-relative sentences elicite
600/SPS in one-referent discourse conte
his crossover pattern of results shows
either result is some unspecific side-effec
eferential ambiguity (or uniqueness) as su
ore important, it is again what one mig
xpect under a context-sensitive parsing
ount. Taken together, the context effects
ained at early-complement and early-rela
isambiguation can be interpreted as reflec

he same underlying phenomenon: when
arser encounters a local complement/rela
lause ambiguity, as inDavid vertelde he
eisje dat. . . (David told the girl that. . .), it is
ore inclined to pursue a relative-clause a

sis in a two-referent context, where the re
ntially ambiguous NPhet meisjeis in need o

urther modification, than in a one-referent c
ext, where the NP is referentially complete5

The debate between syntax-first and cont

5 Due to differential contamination from the earlier r
rential ambiguity effect at anterior electrode sites,
ifficult to compare in our data the ERPs elicited b
ontext-supported (two-referent) relative clause disamb
tion to those elicited by a context-supported (one-refe
omplement clause disambiguation. However, it is of in
st to observe that at the uncontaminated parietal an
ipital sites, a supported relative clause doesnot elicit a
600/SPS compared to a supported complement c
hereas when we presented the same target senten

solation in a control study (van Berkum, Brown, & H
oort, 1998), relative-clause disambiguationdid elicit such
P600/SPS effect at all sites. This suggests that, wha

actor was responsible for the complement clause pr
nce in isolated sentences, it has no independent add

mpact over and above that of appropriate discourse
exts.



un
al

a th
c po
t he
w ng
r ent
e ig
u ord
p av
r ,
p he
e ar
n t
t th
i m
p arl
p sis
f se
a

te-
c at
c be
fi rly
c ple
m r N
( ),
w un
r
t ing
h
m e-
c re
g imi
n ho
p en
m s
w ce
t en
w &
H ns
w

it-
m et

at
crit-
ult
fter
ys-
ler
ysis
eter-

of
me
ical
m-

her
van
est
be

very
an
nts
ey
eem
eral
on
lt-

tive
n is
nal
an,
rden
ne
on-
igu-
ect
con-
in-
xt.
t

se

er-
xts
a

fact
ritic
tha
“im
hel

(an
oce-
ffects
vant

176 VAN BERKUM, BROWN, AND HAGOORT
sensitive accounts of parsing revolves aro
the parser’sinitial analysis of a local structur

mbiguity and one should therefore probe
ommitments of the parser at the earliest op
unity. Mitchell et al. (1992) took this to be t
ord that immediately followed the one givi

ise to the structural ambiguity. The curr
arly-complement and early-relative disamb
ations qualify as such, with the probe w
resented only 600 ms after the word that g
ise to the ambiguity (dat). One could argue
erhaps, that the preferences revealed by t
arly probe words, although very early ones,
ot those that the parserinitially entertained, bu

he result of a context-induced reanalysis of
nitial structure-based commitment to the co
lement clause. Note, however, that the e
robes leave very little time for such reanaly

or it would have to be finished before the par
ttempts to assign the next word.
The results obtained with the immedia

omplement sentences in fact suggest th
ontext-induced reanalysis would have to
nished even earlier. In contrast to their ea
omplement counterparts, immediate-com
ent sentences contained a common gende

e.g., de vrouw in Table 8, third sentence
hich formally ruled out a relative prono

eading of the subsequent word (dat). We ten-
atively assumed that in on-line process
owever, the lexically ambiguous worddat
ight still give rise to a complement/relativ

lause ambiguity, if only very briefly, befo
ender agreement information is used to el
ate the relative-clause alternative. In that s
eriod of time, referential context could th
odulate the parser’s preferences, just a
ould at dat in the two early-probe senten

ypes. Our findings were entirely consist
ith this account (see van Berkum, Brown,
agoort, in press, for the specific implicatio
ith respect to grammatical gender).
In terms of probing initial parsing comm
ents, this is as immediate as one can g6

6 To avoid confusion, we should point out that the
that P600/SPS effects emerge at about 500 ms after c
word onset is not relevant to the question of immediacy
we address. The issue is whether there really are no
mediate” context effects as defined for instance by Mitc
d
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Given that the P600/SPS effect emerged
about 450–500 ms after presentation of the
ical word, a syntax-first account of this res
can only be preserved by assuming that a
recognizing the word in the first place, the s
tem initially analyzes it as the head of a (simp
or more frequent) complement-clause anal
and subsequently overturns this structure-d
mined provisional commitment on the basis
referential discourse context, all within so
500 ms and all before the word’s grammat
gender ultimately disconfirms the revised co
mitment. The findings of the current and ot
studies (e.g., St. George et al., 1994, 1997;
Berkum, Hagoort & Brown, in press) do sugg
that the earlier discourse can in principle
brought to bear on sentence processing
rapidly. But if discourse-level information c
be used to revise initial parsing commitme
that fast,i.e., at the very same word where th
are made in the first place, there does not s
to be all that much reason to, as a gen
principle, initially make those commitments
the basis of structural information only (cf. A
mann, 1988).

At this point, we should discuss an alterna
reading of the data. Our current interpretatio
that discourse context can affect the provisio
analysis of a local structural ambiguity and c
as such, selectively cause the parser to “ga
path” in a later part of the sentence. But o
might argue that the results do not reflect c
text-induced garden paths in syntactic amb
ity resolution at all and are instead simply dir
processing consequences of a syntactic
struction that, once unambiguously clear, is
felicitous in that particular discourse conte
To continue something likeDavid vertelde he
meisje dat. . . with a complement clau
(which becomes clear at subsequenter or ze),
for instance, is more felicitous in the one-ref
ent contexts than in the two-referent conte
that we used. Alternatively, to continue it with

al
t
-
l

et al. (1992), i.e., time locked to a particular lexical item
early probe word rather than a late one). Given the pr
dures that we use, we can be certain that the obtained e
are indeed time locked to the processing of the rele
lexical items.
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177REFERENTIAL ERP EFFECTS IN SENTENCE PROCESSING
restrictive relative clause is more felicitous
two-referent contexts than in one-referent c
texts. If these implications are sufficiently ra
idly computed as soon as the correct synta
structure has been identified, they may show
as people process the disambiguating word

It is not inconceivable that, under particu
circumstances, the processing consequenc
an unambiguous infelicitous construction
deed show up in event-related brain poten
recordings. But unless we make the strong
sumption that such pragmatic factors can fo
the parser toabandon the only structural ana
ysis currently available,i.e., that they are pow
erful enough to effectively render the sente
ungrammatical as it is being processed, the
no reason why the processing consequenc
an infelicitous construction should yield an E
effect that is generally accepted to selectiv
reflect a syntactic dead end. If anything
traightforward pragmatic infelicity wou
ather lead one to predict an N400 effect.
act, we did actually obtain, in the same stu
nd for the same subjects, an N400 effect
an at least in part be interpreted as an effe
ragmatic infelicity (e.g., an abrupt top
hange; see earlier discussion, and see van
um, Hagoort & Brown, in press, for detail
he fact that we now observe, at all three c

cal word positions, P600/SPS effects inste
trongly suggests that here it is indeed
arser running into syntactic dead ends, be

ed into them by certain referential contexts
Furthermore, if the current P600/SPS elic

y early-relative disambiguation in one-refer
ontexts had merely resulted from the infel
ous use of a relative clause, it should in
ame context also have been elicited by
quivalent word in immediate-relative sen

ences. But as schematized in Table 8 (fo
entence), no context-induced P600/SPS
bserved there, neither at the identical wordhad
or zich) nor at the word that first suggests t

restrictive relative clause might follow (die;
lso see Table 7, and Fig. 5b). This clea
uggests that the P600/SPS effect observe
he early-relative sentences hinges on the p
nce of a local structural ambiguity rather th
n the pragmatic infelicity of using particu
-
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onstructions in particular discourse conte
n all, it seems that an account based on
nfelicity of particular constructions cannot e
ly explain the present pattern of P600/SPS
ults.
Before we can accept this pattern of result

vidence for context-sensitive parsing, we a
eed to address the fact that the three cri
600/SPS effects had statistically differ
calp distributions. This is usually taken to
ect the involvement of (at least partly) diffe
nt underlying neural generators and, he
resumably, of (partly) different functional pr
esses. Thus, it is important to consider to w
xtent the three results truly reflect the sa
henomenon, i.e., the processing conseque
f having to abandon a hitherto preferred st

ural analysis.
Although often reported to have a centro

ietal maximum, the scalp distribution of t
600/SPS has been noted to vary before (
rown & Hagoort, in press; Hagoort & Brow
998; Osterhout & Holcomb, 1992). The r
ons for this are as yet unknown, but it
onceivable that the P600/SPS is generated
et of partly nonoverlapping syntax-sensi
eural generators, the exact composition
hich may vary across conditions (Hagoor
rown, 1998; Osterhout & Hagoort, 199
ote, in this respect, that the three relev
onditions differ in the syntactic devices used
isambiguate the complement/relative-cla
mbiguity as well as in the exact reanalysis

s subsequently required. Such differences
ell be responsible for variability in the dist
ution of the P600/SPS. (In the current stu
verlap with the earlier referential ambigu
ffect also clearly contributes to—or perh
etter, obscures—variability in the distributi
f the three P600/SPS effects.)
The existence of finer theoretical distinctio

oes not, however, weaken the interpretatio
he P600/SPS as a class of ERP response
ithin the domain of language processing

eflect the processing consequences of a w
hat renders the preferredsyntacticanalysis un
enable, rather than, for example, the proces
onsequences of a word that complicates
emantic analysis of the language input. In v
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178 VAN BERKUM, BROWN, AND HAGOORT
of their similarity to P600/SPS effects repor
in the literature (and the distributional variab
ity observed there), we are confident to clas
all three context effects at hand as belongin
the class of P600/SPS effects. Note also tha
three P600/SPS effects in this study are not
specific in the sense that they occur exa
when (and only when) a context-sensitive p
ing account led us to predict a syntactic d
end, but also in the sense that two other cla
of “unexpected linguistic events”—referent
ambiguity at a preceding noun and occasio
later discourse-semantic violations—elici
qualitatively different ERP effects within th
very same target sentences: a frontal susta
negativity at the noun and a discourse-dep
dent N400 effect further downstream (see
Berkum, Hagoort & Brown, in press, for t
latter). Thus, within the domain of processin
single sentence, the P600/SPS effects s
tively index particular unexpected events on
(see Osterhout & Hagoort, 1999, for extens
discussion on the relation of the P600/SPS
the P300 family of ERP effects elicited by u
expected events in general).

Apart from the predicted P600/SPS effe
we also observed significant earlier negativi
that peaked around 400 ms after early-
immediate-relative disambiguation in one-re
ent contexts as well as comparable but subs
tially smaller trends after early- and immedia
complement disambiguation in two-refer
contexts. In view of the posterior focus of the
N400-like effects,they perhaps do reflect th
processing consequences of detecting an
licitous construction, detecting it either direc
as in the immediate-relative sentences, or u
disambiguation, as in the other three sente
types. If so, then the larger effect size for re
tive-clause targets perhaps reflects an infel
asymmetry: it may well be less felicitous
begin a restrictive relative clause when the
erent is already uniquely identified (since t
will almost inevitably lead to overspecificit
than to begin a complement clause when
referent is still ambiguous (since further ref
ential cues can in principle still be given). No
however, that the onset of the negativity
served with immediate-relative targets is unu
y
o
e
y
y
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es
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ally early for a visually evoked N400 effe
The exact interpretation of these early nega
ties must thus await further research.

In our view, the pattern of P600/SPS res
presented here poses a clear challenge to
tax-first accounts of early parsing (e.g. Fraz
1987; Mitchell et al., 1995). Note, in particul
that the garden paths induced by two-refe
contexts in early- and immediate-complem
sentences are elicited in what would unde
syntax-first account be the structurallypre-
ferredalternative, which is where this pheno
enon should never occur (Frazier, 1995). F
thermore, in most of the complement/relati
clause ambiguities used in our experim
(78%), the complement clause is an obliga
argument of the main clause verb. For this
son, our findings also appear to be at odds
two hybrid accounts of parsing according
which an obligatory argument, if availab
should always be the initially preferred opt
(Construal Theory; Frazier & Clifton, 1996; R
stricted Interactive Parsing Theory: Britt et
1993; Britt, 1994).

Our findings directly confirm the original re
erential predictions of Crain and Steedm
(1985). We agree with Mitchell (1994), ho
ever, that referential factors alone cannot
plain the full range of evidence on how t
parser initially resolves structural ambiguiti
In view of the evidence (see Tanenhaus & Tr
swell, 1995, or Mitchell, 1994, for overviews)
is conceivable that the parser is in fact able
draw uponany type of information, as long a
his reliably correlates with particular structu
lternatives and becomes available rap
nough to bear on initial processing. Althou

he notion of such liberal use of informati
ources is by no means at odds with symb
nd hybrid models of parsing (in particular,
ewis, 1993; see also Kempen & Vosse, 19
empen, 1998), it has recently become m
trongly associated with the constraint-base
ynamic systems approach to sentence pro

ng (e.g., MacDonald et al., 1994; Tabor et
997; Tanenhaus & Trueswell, 1995;
pivey-Knowlton & Tanenhaus, 1998, a
anenhaus, Spivey-Knowlton, & Hanna,
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press, for models in which referential fact
interact with other constraints).

We sympathize with the idea that once
structural alternatives have become availa
no privileged single factor determines how
parser provisionally resolves the ambiguity
hand. However, before one can embrace a
straint-based account of our findings, o
should note that it is as yet difficult to see w
in a constraint-based approach to language c
prehension, some types of conflicts betw
multiple constraints generate an N400 effec
event-related brain potentials, while others e
a P600/SPS (see Brown & Hagoort, in press
further discussion). Also note that earlier fa
ures to obtain rapid referential context effect
the English complement/relative-clause am
guity have in this framework been explained
part, as the result of an overly skewed availa
ity of the two competing alternatives in Engl
(Spivey-Knowlton & Tanenhaus, 1994).
written Dutch, the complementizerdat occurs
about five times as often as the relative pron
dat (uit den Boogaart, 1975), and conditio
frequencies in the context of verbs likevertelde
(told) will no doubt reveal an even larger asy
metry. Still, our results show that this does
prevent referential context effects from show
up in event-related brain potentials, sugges
that the above asymmetry account does not
erally apply to referential effects in parsing s
tences with a complement/relative-clause am
guity.

In all, our evidence from event-related br
potentials suggests that when a sentence is
cessed in discourse, definite noun phrases
very rapidly associated with potential refere
and the outcome of this referent identificat
process can immediately help resolve a lo
structural ambiguity arising somewhat later
the same sentence. We do not deny that
tence processing is “syntax-first” in the se
that it is driven by word class and other cen
syntactic information associated with the
coming words. After all, it is this informatio
that defines a definite noun phrase, or a pa
ular structural ambiguity, in the first place. B
as soon as a definite noun phrase emerges,
ple look for a referent in the discourse conte
,

t
n-

-
n

t
r

-

-
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n-
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l
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l
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o-
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And as soon as a structural ambiguity emer
people evaluate the alternatives against the
rent discourse to help in resolving it. In the
two ways, our findings testify to the high
incremental nature of sentence processin
which structural and referential aspects ap
to go hand in hand.
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