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The Time Course of the Influence of Implicit Causality Information:
Focusing versus Integration Accounts

Andrew J. Stewart, Martin J. Pickering, and Anthony J. Sanford

Human Communication Research Centre, Department of Psychology, University of Glasgow, Glasgow, United

We report four self-paced reading experiments that investigate the influence of implicit causality
information on anaphor resolution. Specifically, we test whether the processor uses implicit causality
information to focus an antecedent for an anaphor or to facilitate integration. Previous work has
produced data supporting conflicting positions (Garnham, Traxler, Oakhill, & Gernsbacher, 1996;
Greene & McKoon, 1995; McDonald & MacWhinney, 1995). A range of findings concerned with the
processing of pronouns versus names, the resolution of ambiguous and unambiguous pronouns, and
the effects of a depth-of-processing manipulation suggest that effects of implicit causality occur
during integration and that there is no evidence for effects during focusing.© 2000 Academic Press
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The way in which people ascribe causes
events depends on the way in which a partic
event is described. Thus, people normally
cribe the cause ofJohn questioned Maryto the
eferent of the subject noun phrase (hencef
P1), John,rather than the referent of the obj
oun phrase (henceforthNP2), Mary. Con-
ersely, they normally ascribe the cause ofJohn
raised Maryto NP2, Mary, rather than NP1
ohn.For example, afterJohn questioned Ma

because. . . , the most likely continuation is
statement about John (e.g.,he wanted to lear
the truth); but after John praised Mary be
cause. . . , the most likely continuation is
statement about Mary (e.g.,she was responsib
for the successful campaign) (Garvey & Car
amazza, 1974; Garvey, Caramazza, & Ya
1976). Such verbs have animplicit causality
bias: The verb question is NP1-biasing
whereaspraise is NP2-biasing.

This bias has an influence on language c
prehension. Its effects emerge in the resolu
of ambiguous anaphors such as pronouns.
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example, Caramazza, Grober, Garvey,
Yates (1977) had participants read sente
such as (1) which contained NP1-biasing ve
and sentences such as (2) which contained N
biasing verbs. The continuation (orexplicit
cause) was either congruent with the impli
cause, as in (1a) and (2a), or incongruent wit
as in (1b) and (2b):

1a. Roy questioned Anthony because he wanted
learn the truth.

1b. Bob questioned Timothy because he hadn
told the truth.

2a. Susan praised Diane because she was resp
sible for the successful campaign.

2b. Michelle praised Lucy because she wa
pleased with the successful campaign.

Participants took longer to read the sentence
name the referent of the pronoun when
sentence was incongruent than when it was
gruent. Similar effects occurred when the p
noun was gender-disambiguated. We term
pattern of results thecausality congruency effe
(see also Ehrlich, 1980; McKoon, Greene
Ratcliff, 1993; Garnham & Oakhill, 198
Stevenson, Crawley, & Kleinman, 1994).

We can regard implicit causality as a c
straint that affects sentence comprehension
important question about any constraint is
time course of its application. On one acco
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processing might be affected by the constraint
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as soon as it becomes available. In (1a
becomes likely that the sentence will be c
cerned with the cause of the act of question
after becauseis encountered. The implicit ca
ality associated withquestionedmakes it likely
hat the continuation will refer toRoy. If the
rocessor rapidly becomes sensitive to this
traint (as may be the case with constraint
arsing: e.g., MacDonald, Pearlmutter, & S
enberg, 1994; Trueswell, Tanenhaus, & G
ey, 1994), then it might use this information
ocus its attention on the likely cause. It wo
hen be likely to assume that the anteceden
e is Roy in (1a) soon after encountering t
ronoun. Following Garnham et al. (1996),
all this theFocusingaccount of the implic
ausality bias.
Alternatively, implicit causality informatio
ight only affect later stages of processi
uring or after the process of assigning
xplicit cause, and at the point when the in
retations of the two clauses are integrated
single interpretation for the sentence a

hole. If so, implicit causality informatio
ould not affect initial processing of the pr
oun he in (1a). (The pronoun might be a
igned an antecedent by some other strateg
ot be assigned an antecedent at all at
oint.) Again following Garnham et al. (1996
e call this theIntegration account. A fina
ossibility is that implicit causality influenc
rocessing associated with both focusing

ntegration: We call this theMixedaccount. Th
ain goal of this paper is to determine wh
ccount is correct.
Three recent papers have addressed the

ion of the time course of the use of impli
ausality information (Garnham et al., 19
reene & McKoon, 1995; McDonald & Ma
hinney, 1995). However, their data appea

lash, and they come to incompatible con
ions: Garnham et al. supported the Integra
ccount, whereas Greene and McKoon and
onald and MacWhinney argued for the Foc

ng account. This state of affairs is perh
articularly surprising because they emplo
imilar methods: probe tasks in which part
ants responded to the question of wheth

articular word had appeared in the sentence.
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McDonald and MacWhinney (1995) used
ross-modal probe task involving auditory p
entation of a sentence like (3) and visual
entation of probe word:

(3) Beth disappointed Pam bitterly because sh
was so hard hearted at the anniversary party.

In Experiment 1, the probe was positioned
100 ms after the second name, (ii) immedia
after the pronoun, (iii) 200 ms after the prono
or (iv) at the end of the sentence. For N
biasing verbs, NP1 was processed faster
NP2 at all probe points. This may reflect
first-mention advantage commonly found w
the probe task (Gernsbacher, 1989; Gernsba
& Hargreaves, 1988). For NP2-biasing ver
NP1 was processed faster than NP2 at poin
and (iii), but at points (ii) and (iv), reactio
times were similar for both NP1 and NP2. M
Donald and MacWhinney argued that impl
causality information affected pronoun reso
tion at points (ii) and (iv). Because the eff
occurred immediately after the pronoun, t
result provides some evidence for the Focu
account, though it is very unclear why the eff
disappeared at point (iii).

Greene and McKoon (1995) had subje
read three-sentence passages in which the
sentence was similar to (1)–(3) above. T
probed after the second sentence and just b
the pronoun in the third sentence (and there
after the verb). For NP2-biasing verbs, th
found an interaction, with the reduction in
action time to probe words presented after
verb in comparison to before the verb be
greater for NP2 probe words than NP1 pr
words. This can be interpreted as indicating
NP2-biasing verbs immediately focus atten
on NP2. But there is an alternative explanat
The NP2 probe occurs fairly soon after the N
name at the second probe position, unlike
first probe position. Participants may simply
responding faster to a fairly recent probe.
addition, they did not find a comparable int
action with NP1-biasing verbs. However,
spection of the means indicates that this dif
ence is most likely due to the fact that there
no first-mention advantage at the first pr

position, which has no obvious explanation, and
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the data for the second probe position w
similar to those for NP1-biasing verbs. Th
their experiments do not provide convinc
evidence for the Focusing account.

Garnham et al. (1996) employed an all-vis
probe task, and tested before and after the
noun and at the end of the sentence. The
three experiments employed two names of
same gender. These experiments reveal
first-mention advantage at all probe points
an effect of congruency. There were no con
tent effects of whether the probe referred to
antecedent of the pronoun or not (probe re
ence). The lack of an immediate effect of pro
reference is some evidence against Focu
account (and appears to clash with McDonal
MacWhinney, 1995), and the finding of a co
gruency effect supports the Integration acco
However, the lack of a sentence-final pro
reference effect may be worrying for this exp
nation. Garnham et al. argued that the fi
clause might have activated both the antece
and the nonantecedent, but it is hard to see
no effects of reactivation were detected at
point. The results suggest a problem with
task itself, because congruency indicates
the pronoun must have been resolved, but
lack of any effect of probe reference sugg
that the task is not always sensitive to the
tablishment of coreference. We return to
below.

Garnham et al.’s (1996) pattern of data
made more complex by their fourth experime
which employed gender as well as plausib
to disambiguate sentences. It showed
straightforward effect of congruency, but d
show an advantage for the pronoun’s refer
However, this advantage might have been
to gender match between the pronoun and
probe word rather than reactivation of the a
cedent. Overall, Garnham et al.’s data prov
no support for the Focusing account. They
more consistent with the Integration accou
though there may be alternative explanation
some aspects of their data.

Let us consider why McDonald and Ma
Whinney (1995) and Garnham et al. (19
came to such different conclusions. First, p

cessing might be more difficult when the tasks
e
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in which participants have to engage occu
the same modality compared to different m
dalities. A higher processing load in Garnham
al.’s experiments may have resulted in a gen
decrease in reading performance, thus remo
any early influence of implicit causality info
mation and weakening its influence at la
probe points.

Another difference lies at the level of exp
imental design and suggests a possible pro
with McDonald and MacWhinney’s (199
study. Most experiments on implicit causal
including those of Garnham et al. (1996), h
employed a crossed design that includes
NP1- and NP2-biasing verbs, together with
plicit causes disambiguated to NP1 or N
Hence there are two congruent and two inc
gruent conditions. In contrast, McDonald a
MacWhinney’s studies contained only cong
ent conditions. Au (1986) found that parti
pants displayed sensitivity to implicit causa
biases when asked to sort verbs into catego
If participants can access this information d
ing processing, then they could use it to pre
the explicit cause strategically. In response
this argument, McDonald and MacWhinn
found no impact of implicit causality inform
tion at any probe point in sentences like (4)

(4) John amazed Bill time after time at the
juggling competition.

Hence, they concluded that anaphor resolu
itself produced their effects. However, this
gument is weak, because (4) does not con
the connectivebecause,which Ehrlich (1980
demonstrated was needed for implicit causa
information to affect processing.

There are, however, more general conc
with the probe task. People do not, of cou
normally perform this kind of secondary ta
during reading, and the appropriate respo
strategy (remembering the form of the sente
is not part of normal processing. Indeed, so
evidence suggests that the level of informa
accessed by the task may not reflect that us
comprehension (Cloitre & Bever, 1988; Garr
Freudenthal, & Boyle, 1994; Gordon & He
drick, 1998). Additionally, it may not be parti

ularly sensitive to the time course of processing,
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as Garnham et al.’s results suggest. For ex
ple, Greene, McKoon, and Ratcliff (199
found no facilitation of antecedents imme
ately after a pronoun using the probe task,
eye-tracking studies have found that prono
can be interpreted immediately (e.g., Garro
al., 1994). Likewise, Millis and Just (1994) us
probe-task data to argue that integration of
clauses is delayed until the second one has
fully read. But Traxler, Bybee, and Pickeri
(1997) found eye-tracking evidence that in
gration occurred incrementally during the s
ond clause. Hence reading-time measures
be more appropriate than the probe task
examining the time course of comprehens
These points raise major worries over the r
ability of the data on which evidence for t
Focusing and Integration accounts has b
based.

We therefore employed self-paced readin
test among the Focusing, Integration,
Mixed accounts in the experiments reported
low. Let us outline our approach using exa
ples from Experiment 1 (see Table 1). We m
nipulated information about the implicit cau
(verb bias) and information about the expl

TAB

Example Items U

Anaphor Implicit cause Congruency

Name NP1 Congruent D
b

Incongruent Da
d

NP2 Congruent Je
ch

Incongruent Jea
im

Pronoun NP1 Congruent D
b

Incongruent Da
d

NP2 Congruent Je
ch

Incongruent Jea
im

Note. The NP1-biasing conditions make up one ite
parenthesized material occurred in Experiment 2.
cause. If implicit cause and explicit cause were
-

t
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en
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y
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in agreement, a sentence was congruent; if
it was incongruent. Finally, the anaphor co
be a name (e.g.,Daniel) or a pronoun (e.g.,he).

he names were unambiguous, whereas the
ouns were ambiguous, as both names we

he same gender (he could in principle refer t
aniel or Arnold). Experiments 1–3 used t
ontrast, whereas Experiment 4 contrasted
mbiguous with ambiguous pronouns.
Full noun phrases or (proper) names can

sed to refer to antecedents that are no long
ocus and indeed are often used for that
ose. Names can also be used to serve

ional discourse functions, such as signalin
hange in the theme in a text (Marslen-Wils
evy, & Tyler, 1982; Vonk, Hustinx, & Si
ons, 1992). In contrast, pronouns prefe

ially refer to antecedents thatare focused (Gor
don, Grosz, & Gilliom, 1993; Gordon
Hendrick, 1998; Hudson, Tanenhaus, & D
1986; Sanford, Moar, & Garrod, 1988). Hen
pronouns are more sensitive indicators of st
of focus than name or full noun phrase a
phors. For instance, Hudson et al. showed
pronominal references were processed m
readily when made to focused (centered in

1

in Experiments 1–3

Example

l apologised to Arnold (profusely) because Daniel ha
ving selfishly.
l apologised to Arnold (profusely) because Arnold didn
rve the criticism.
congratulated Rita (vigorously) because Rita had won
pionship.
ongratulated Rita (vigorously) because Jean was ver
ssed.

el apologised to Arnold (profusely) because he had be
ving selfishly.
l apologised to Arnold (profusely) because he didn’t
rve the criticism.
congratulated Rita (vigorously) because she had won
pionship.
ongratulated Rita (vigorously) because she was very
ssed.

and the NP2-biasing conditions make up another it
LE

sed
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eha
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terms of Grosz, Joshi, & Weinstein, 1983) than
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to nonfocused characters. In contrast, w
proper names were used as anaphors, this
tern did not occur, and there was some evide
for a reversal of the effect. Likewise, Sanford
al. found that anaphors which referred to hig
focused proper names (likeJohn) were pro
cessed more quickly than those which refe
to somewhat less focused full noun phrases
the secretary), provided the anaphor was a p
noun. But if a repeated name or repeated
noun phrase was used, no difference was fo
(It is also worth noting that the most versions
the probe task use proper names as pro
which might therefore not be sensitive to d
ferences in focus; this is another concern w
the probe task.)

Hence the Focusing model predicts the c
sality congruency effect with pronouns but
with names. In other words, it predicts an in
action between congruency and anaphor t
In contrast, no such difference is predicted
the Integration account. As the mixed mo
allows for an influence of implicit causali
during both the stages of focusing and inte
tion, it predicts a congruency effect for bo
types of anaphor, but a reduced effect w
repeated names are used.

The models make the same predictions
another reason as well. Because the pron
were ambiguous, the Focusing account pred
that the processor should determine the ante
ent of the ambiguous pronoun on the basi
the implicit causality bias of the verb. If th
assignment ran counter to the explicit ca
(i.e., the sentence was incongruent), then Fo
ing predicts that readers should experience
ficulty with sentences containing ambiguo
pronouns. In contrast, difficulty should n
emerge in sentences containing unambigu
repeated names.

Experiment 1 used whole-sentence prese
tion. Experiment 2 addressed the same ques
but used materials that were more similar
those employed by McDonald and MacWh
ney (1995) and presented sentences in
parts. In Experiment 3, we manipulated
depth of processing used by participants,
varying the type of question participants w

required to answer. Our argument was that in
n
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tegration effects should be influenced by de
of processing, whereas focus effects should
In Experiment 4, we employed ambiguous
unambiguous pronouns. If the congruency
fect resulted entirely from focus, then th
should be a larger congruency effect for am
uous than unambiguous pronouns.

EXPERIMENT 1

Method

Participants. Thirty-two English-speakin
participants from the student population at
University of Glasgow took part.

Stimuli. Participants were presented with
items (see Table 1 and Appendix A). Th
were constructed on the basis of verb bias
plausibility pretests reported below. The stim
were based on 24 verbs, 12 of which w
NP1-biasing and 12 NP2-biasing. There w
four versions of each item, defined by the co
bination of two factors: Anaphor (pronoun
repeated name) and Congruency (congruen
incongruent). A third factor, Implicit Cau
(NP1- vs. NP2-biasing verb), was manipula
between items. All items consisted of a m
clause and a subordinate clause connecte
because.The main clause contained two pro
names of the same gender which served
subject and direct object of an active transi
past-tense verb. The subordinate clause b
with a pronoun or a repeated name subject
a predicate. Items were matched for len
across conditions.

To produce six data points per conditi
each verb was used twice. Thus for NP1-bia
verbs, the 12 verbs were divided into four s
of 3. (Exactly the same held for NP2-bias
verbs.) A group of 3 verbs was allocated to e
of the four conditions to create a single list.
rotating the allocations, four files were crea
such that each verb appeared in each of
conditions over the experiment. Within a giv
list, if a verb appeared in the pronoun-congru
condition, then it was later presented in
name-incongruent condition and vice versa;
appeared in the pronoun-incongruent condit
then it was later presented in the name-con

-ent condition and vice versa. Thus a single
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complete list had each verb appearing twice,
in different conditions. When a verb was use
second time, a different item was generated
that verb by changing the names, so that
only overlap between the two items using
particular verb was the verb and the wordbe-
cause.This procedure led to 48 items. The fi
occurrence of each verb was in the first hal
the experiment, and the second occurrenc
the second half.

Versions of a comprehension question w
included with each item (e.g.,Who had bee
behaving selfishly?) and required participants
press one of two buttons corresponding to
names. This question always made referenc
the subordinate clause and required resolu
of the pronoun in the pronoun conditions.

Verb-bias pretest.To make sure that o
verbs were strongly biased, we conducte
sentence-completion pretest. Twenty-four
ther participants completed sentence fragm
like John blamed Bill because. . . , where the
verb was one of 50 taken from the literature
implicit causality and the two noun phras
were proper names. Continuations were sc
on the basis of whether the first word followi
the connective referred to NP1, NP2, or neit
All our verbs were strongly biased (see App
dix B).

Plausibility pretest.We tried to equate th
plausibilities of the two versions of each item
far as possible. Implausible sentences, in
eral, take longer to read than plausible sente
(e.g., Garrod et al., 1994; Murray & Rowa
1998; Traxler & Pickering, 1996). Twenty-fo
participants rated the 48 items for plausibi
on a scale from 0 (very implausible) to 7 (ve
plausible); see Appendix B. For each item, t
rated the repeated name version of each
(e.g., Daniel apologised to Arnold becau
Daniel had been behaving selfishly). All condi-
tions were rated highly plausible: The cong
ent conditions for the NP1- and NP2-bia
verbs had mean ratings of 6.5 and 6.5, res
tively; the incongruent conditions had mean
ings of 6.0 and 6.0. This difference is ve
small, but a plausibility difference does ex
Although we cannot completely rule out t

influence of plausibility, we attempted to reduce
t

r
e

f
in

e

e
to
n
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ts

d
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es

m
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its influence as much as we could. In any c
a very likely explanation for the small plau
bility difference between conditions is that
really reflects the difficulty that people ha
integrating incongruent sentences, even w
the situation they describe is highly plausib
compared with the ease of integrating congru
sentences.

The participants also rated an “incorrect” v
sion of the item with the other name repea
(e.g.,Daniel apologised to Arnold because A
nold had been behaving selfishly). This was
intended to be implausible, but it is possible t
differences in the degree of implausibility of t
alternative analysis might affect processing
ficulty. On this analysis, all conditions we
rated highly implausible: The congruent con
tions for the NP1- and NP2-biased verbs
mean ratings of 2.1 and 2.2; the incongru
conditions had mean ratings of 1.5 and 1.8

Procedure.Participants were randomly a
signed to one of the four lists. Each list w
presented along with 96 filler sentences of
ious types (similar in form to the experimen
sentences), plus associated questions, in a
dividually randomized order.

The experiment was run on an Apple Mac
tosh computer using the PsyScope experime
software (Cohen, MacWhinney, Flatt, & P
vost, 1993). A button box was connected to
computer which recorded participants’
sponses with millisecond accuracy. A fixat
point appeared on the left-hand side of
screen. Participants were first provided w
both verbal and written instructions and
practice trials. They pressed a button on
button box to remove the fixation point a
present the sentence. A second press rem
the sentence and presented a comprehe
question. The two halves of the experim
were divided by an enforced break of at le
30 s. The experiment lasted roughly 35 min

Results

Sentence reading times.Reading times tha
were below 500 ms or above 25 s were remo
(based on clear discontinuities in the data). T
accounted for 1.3% of the data. Outliers,

fined as times falling more than 2.5SDfrom the
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mean for each participant, were then repla
by the cutoff value for that participant. Th
accounted for 2.5% of the data. For the ques
response data, times below 500 ms or ab
25 s were removed. This accounted for 1.3%
the data. Outliers accounted for 2.9% of
data.

Table 2 presents the mean reading times
question response times for the different ex
imental conditions. We conducted 2 Anap
(pronoun vs. repeated name)3 2 Implicit Cause
NP1- vs. NP2-biasing verb)3 2 Congruenc

(congruent vs. incongruent) ANOVAs, treat
participants (F1) and items (F2) as random
factors.

These analyses revealed a main effec
Congruency, with congruent sentences (4
ms) being read faster than incongruent o
(4948 ms) (F1(1,31) 5 51.05, p , .0001
MSe 5 331,936; F2(1,46) 5 27.75, p ,
0001,MSe5 486,021).However, there wa
o reliable interaction between Anaphor a
ongruency (F1(1,31) 5 2.448, p . .1;
Se5 679,917;F2 , 1.1), though there wa
trend toward the effect being smaller in

ase of the repeated name anaphors (354
han it was in the pronoun case (675 ms). T
f simple effects demonstrated a reliable ef
f Congruency for the pronoun conditio
F1(1,31)5 21.50,p , .0001;F2(1,46)5

9.29, p , .005) and aneffect of Congruenc

TABLE 2

Experiment 1 Reading Times in Milliseconds for S
ences and Questions (with Response Accuracy Expr
s Percentage Correct)

Anaphor
Implicit
cause Congruency Sentence

Question
(%)

Name NP1 Congruent 4702 1673 (98
Incongruent 4701 1775 (93.6

NP2 Congruent 3946 1677 (98.
Incongruent 4654 1732 (96.3

Pronoun NP1 Congruent 4760 1902 (87
Incongruent 5601 2317 (74.3

NP2 Congruent 4327 1748 (97.
Incongruent 4837 2066 (91.1
for the repeated name conditions that was rel
d

n
e
f

d
-

r

f
4
s

s)
ts
t

able by participants (F1(1,31) 5 5.87, p ,
.05; F2 5 2.64, p , .12).

The analyses also revealed main effect
Implicit Cause, with sentences containing N
biasing verbs (4441 ms) being read faster
those containing NP1-biasing verbs (4941
(F1(1,31) 5 19.01, p , .0001, MSe 5
841,524; F2(1,46) 5 17.68, p , .0001
MSe 5 692,576) and ofAnaphor, with sen
tences containing a repeated name ana
(4501 ms) being read more quickly than th
containing a pronoun (4881 ms) (F1(1,31) 5
10.59, p , .005, MSe 5 874,191
F2(1,46) 5 6.07, p , .05, MSe 5
1,052,406). Theonly other effect that ap
proached significance was a marginal th
way interaction of Anaphor, Implicit Cause, a
Congruency, significant only by participa
(F1(1,31) 5 5.51, p , .05, MSe 5
786,187,F2(1,46)5 2.56,p , .12, MSe5
1,255,386).

Question response data.We conducted thre
way ANOVAs on question response times
accuracy. A full report is omitted for reasons
space. The most important finding was a m
effect of congruency on both measures, w
questions about congruent sentences being
swered faster and more accurately than q
tions about incongruent sentences. The eff
were more pronounced for the pronouns t
for the repeated names.

Discussion

The causality congruency effect emer
strongly in the sentence reading time data.
effect was numerically smaller in the repea
name than in the pronoun conditions, but
difference was not reliable. The results offers
support for the Focusing account, which p
dicted an elimination of the congruency effe
Instead, these results are consistent with
plicit causality exerting its influence during
tegration, in the same manner for pronouns
repeated names. However, the numerical t
is compatible with focus exerting some infl
ence (i.e., the Mixed account). Our claim at
stage is that an important part of the congrue
effect is mediated by integration. The cong

ed
i-ency effect in the question response data sug-
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430 STEWART, PICKERING, AND SANFORD
gests that readers constructed a more s
representation when the implicit and expl
causes were congruent than when they w
incongruent and is in accordance with m
previous studies. The stronger effect in the p
noun conditions may reflect the fact that read
need not have paid attention to the main cla
in the repeated name conditions. This may
explain why the sentences were read faste
the repeated name conditions.

EXPERIMENT 2

Experiment 1 provides some evidence
integration but no clear evidence for focus
(though it is possible that this is due to insu
cient power). This runs counter to the conc
sions of Greene and McKoon (1995) and M
Donald and MacWhinney (1995). Howev
apart from the tasks involved, McDonald a
MacWhinney’s experiments differed in one i
portant way from ours: They employed an
ditional phrase at the end of the main clau
prior to the connectivebecause.Greene an

cKoon’s studies also included an additio
hrase which followed the connectivebecause
It is not immediately clear why this phra

hould have an effect. First, Garnham et
1996) used similar phrases and found no
ence of focusing. Second, in McDonald a
acWhinney’s (1995) experiments the phr

omes before the connective. As Ehrlich (19
nd McDonald and MacWhinney showed,
licit causality effects do not appear to occu

he absence of the connectivebecause.If it is
imply a question of the phrase giving the p
essor more time to begin focusing, then
ppears that the phrase comes too earl
ould need to appear betweenbecauseand the
naphor). However, it is possible that the c
al property of the additional phrase is not
ntroduce more time. Instead, it may cause
rocessor to focus on the appropriate refe

or reasons associated with the attributions
reader might make on the basis of the a

ional information provided by the phrase (e
udolph & Forsterling, 1997). We therefo
onducted an experiment using an additio

hrase before the connective. The items weri
le

e

-
s
e
o
n

r

-

-
,

l

l.
i-

)

-
t
it

e
t
t

i-
,

l

therwise identical to those in Experimen
see Table 1).

A possible concern with Experiment 1 w
he use of the whole-sentence presenta
ethod. Although it has the advantage of n

alness, it may be insensitive, and it does
llow us to localize effects. In Experiment 2,

herefore presented the sentences in two p
he first up to and including the pronoun
epeated name subject of the subordinate cl
nd the second containing the rest of the

ence.
Our main interest is in the reading time to

econd fragment. According to the Integrat
ccount, a similar congruency effect sho
merge in both the pronoun and repeated n
onditions. According to the Focusing accou
ongruency should emerge with pronoun a
hors, but not with repeated names. Becaus

he additional phrase and the presentation
edure, a lack of interaction between pron
nd repeated name conditions would prov
trong evidence in favor of the Integration
ount.
Reading times to the first fragment may a

e of interest. Repeated name conditions
isambiguated by the repeated name, which
urs in the first fragment. The Focusing acco
ight therefore predict an effect of congrue
n reading time to the first fragment in t
epeated name conditions. However, a prob
s that repeated names are not normally use
efer to a focused antecedent, as discu
bove. If so, the most natural prediction of
ocusing account would be that the repe
ame would have no effect.

ethod

Participants.We employed 32 further parti
pants.

Stimuli.We constructed 48 items, by add
n additional phrase into the items from Exp

ment 1 (see Table 1 and Appendix A). T
verage length of these phrases was 1.38 w
nd 9.42 letters, compared with the phrases

n the McDonald and MacWhinney study (1.
ords and 9.72 letters, though their senten
ere spoken). There were four versions of e
etem, defined by the combination of two factors:
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Anaphor (pronoun vs. repeated name) and C
gruency (congruent vs. incongruent). A th
factor, Implicit Cause (NP1- vs. NP2-bias
verb) was manipulated between items.

Procedure.The procedure was the same
that of Experiment 1, except that the senten
were presented as two fragments, with the
occurring immediately after the pronoun or
peated name. Pressing the button revealed
first fragment; pressing it again removed
first fragment and replaced it with the seco
fragment.

Results and Discussion

For the first fragment, we removed 1.2%
the data (times below 300 ms or above 16
We then removed outliers, accounting for 2.
of the data. For the second fragment, we
moved 1.4% of the data (times below 300 m
above 11 s) and 2.8% of the data (outliers).
the question response time, we removed 0
of the data (times below 300 ms or above 1
and 3.3% of the data (outliers).

Table 3 presents the mean reading times
question response times for the different ex
imental conditions. We conducted 2 Anap
(pronoun vs. repeated name)3 2 Implicit Cause
NP1- vs. NP2-biasing verb)3 2 Congruenc

(congruent vs. incongruent) ANOVAs. An
phor and Congruency were within-participa
and within-items factors; Implicit Cause w
within-participants but between-items.

First fragment reading times.These reveale

TAB

Experiment 2 Reading Times in Millis
(with Response Accuracy

Anaphor Implicit cause Congruency

Name NP1 Congruent
Incongruent

NP2 Congruent
Incongruent

Pronoun NP1 Congruent
Incongruent

NP2 Congruent
Incongruent
a main effect of Anaphor (F1(1,31) 5 9.42,
-

s
it

he

).

-
r
r

)

d
-

r

p , .005, MSe 5 238,051; F2(1,46) 5
4.74, p , .05, MSe 5 351,983),with frag-
ments containing pronouns being read m
quickly (3299 ms) than those containing
peated names (3486 ms), and an interac
between Implicit Cause and Congruency,
nificant only by participants (F1(1,31) 5
6.39, p , .05, MSe 5 274,850;F2 , 2).

ecause all four conditions containing p
ouns were identical, a more valid compari
onsiders only the repeated name level of
naphor factor. Two-way ANOVAs reveale
n interaction of Implicit Cause and Cong
ncy that was marginal by items (F1(1,31)5
,81,p , .01, MSe5 302,489;F2(1,46)5
.28, p , .08, MSe5 561,425) and nohint
f any main effects (allFs , 1.1). This inter
ction suggests that fragments containin
ame that repeated NP2 (3342 ms) were

aster than fragments containing a name
epeated NP1 (3631 ms). Note, however,
ack of any effect of implicit causality on th
ragment.

Second fragment reading times.There was
ain effect of Congruency (F1(1,31)5 7.09,

p , .05, MSe5 113,487;F2(1,46)5 4.87,
, .05, MSe 5 111,975),with congruen

fragments (1701 ms) being read faster than
congruent fragments (1813 ms). As in Exp
ment 1, there was no significant interaction
tween Anaphor and Congruency (bothFs , 1),
but the congruency effect was numerica
smaller for the repeated name anaphors (77

3

nds for Sentence Fragments and Questions
ressed as Percentage Correct)

Fragment 1 Fragment 2 Questio

3711 1555 2026 (91
3396 1633 2009 (92.1
3287 1620 1889 (95.
3550 1696 2011 (93.8

3183 1825 2666 (75
3354 1991 3132 (51.1
3201 1803 2460 (80.
3457 1931 2740 (78.6
LE

eco
Exp
than the pronouns (147 ms). Although unreli-
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432 STEWART, PICKERING, AND SANFORD
able, this effect is in the same direction as
obtained in Experiment 1. Tests of simple
fects demonstrated a reliable effect of Cong
ency for the pronoun conditions (F1(1,31) 5
6.43, p , .05; F2(1,46) 5 6.00, p , .05)
but not for the repeated name conditi
(F1(1,31)5 1.76,p , .20; F2 5 1.61,p ,
.22). These results are consistent with an
count that ascribes congruency to integrat
though the numerical effect suggests that
cannot rule out a minor role of focus.

Analyses also revealed a main effect of A
phor (F1(1,31)5 19.99,p , .0001,MSe5
218,452; F2(1,46) 5 25.76, p , .0001
MSe 5 128,775),with sentences containin
repeated names (1626 ms) being read faster
sentences containing pronouns (1888 ms).

Question response data.The most importan
finding was an effect of congruency on b
response time and accuracy measures. Th
fect emerged in the pronoun conditions but
the repeated name conditions.

Discussion

Essentially, the study replicated Experim
1. There was an effect of congruency and
reliable interaction between anaphor type
congruency in the critical fragment. Howev
the effect was numerically larger for the p
noun anaphors in Experiment 2, just as in
periment 1. This evidence suggests that inte
tion is an important factor in the congruen
effect, but does not rule out an influence
focusing.

The data from the first fragment warra
some discussion. In particular, participants
peared to spend longer reading a repetitio
the first mentioned character’s name than
second mentioned character’s name. This
be interpreted as a repeated name penalt
proposed within Centering Theory (Gordon
al., 1993). On this account, the first mentio
character is focused (probably because
mentioned first: Gernsbacher, 1989; Ge
bacher & Hargreaves, 1988), and the proce
has difficulty referring to the focused charac
with a repeated name. However, an alterna
explanation is that the effect is due to lexi

priming from the second mentioned character’
t

-

-
,
e

-

an

f-
t

t
o
d

-
-

f

-
f
e
n
as
t

s
-
or
r
e
l

name. The following experiments help us d
tinguish these possibilities. Note that there
no effect of congruency on the first fragment
other words, readers did not notice any con
between having an NP1-biasing verb an
name repeating NP2 or vice versa.

EXPERIMENT 3

The questions that participants were requ
to answer in Experiments 1 and 2 related to
interpretation of the anaphor. Thus, in the p
noun conditions, a question could be succ
fully answered only if participants had app
priately integrated the information between
clauses. Also, because each sentence wa
lowed by a question, readers would be aw
that deep processing would be necessary fo
sentences. In Experiment 3, we contrasted
ditions using deep-processingquestions with
conditions usingshallow-processingquestion
such asDid Daniel apologise to Arnold?which
can be answered without integrating the in
pretations of the clauses. Additionally, the c
ditions using shallow-processing questions
ployed questions on only one third of trials, a
different groups of participants were expose
the different question types. Hence, the par
pants in the shallow-processing conditi
would not be encouraged to conduct exten
integrative processing (though they would s
have to pay some attention to the sentence

By manipulating type of question, we sou
to manipulate participants’ depth of process
If the Integration or Mixed account is corre
the degree to which participants engage in i
grative processing should affect the magnit
of the congruency effect. The less integra
processing carried out, the weaker should be
influence of any factor that is brought into p
during this processing. Thus these accounts
dict that the type-of-question manipulat
would affect the magnitude of the congrue
effect: A larger effect is predicted in the de
processing than the shallow-processing co
tions. In contrast, the Focusing account does
predict that depth of processing will affect
congruency effect. Because focus within
reader’s discourse model changes continuo

sas a text is being read, a measure that requires
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433IMPLICIT CAUSALITY
inspection of the discourse model at a later p
should not be influenced by temporary focus
and refocusing that may occur during the re
ing of a sentence.

Method

Participants.We employed 64 further parti
ipants.

Stimuli. The same 48 items as Experimen
were used (see Table 1). Each item was pa
with a deep-processing question, which was
same as Experiment 1. One third of the ite
were paired with a shallow-processing ques
(see Appendix A). For example,Barry fasci-
nated Derek because he performed magic tr
was followed by the deep-processing quest
Who performed magic tricks?or the shallow
processing question,Did Barry fascinate De
rek?. As in Experiment 1, the factors of An
phor (pronoun vs. repeated name)
Congruency (congruent vs. incongruent) w
manipulated within items, and Implicit Cau
(NP1- vs. NP2-biasing verb) was manipula
between items. Additionally, a fourth fact
Type of Question (deep vs. shallow process
was manipulated between participants.

Procedure.Participants were randomly a

TAB

Experiment 3 Reading Times i

Question type Anaphor Implicit cause

Shallow Name NP1

NP2

Pronoun NP1

NP2

Deep Name NP1

NP2

Pronoun NP1

NP2
signed to one of eight lists. Each sentence wa
t

-

d
e
s
n

s
,

d
e

)

presented as two fragments, with the split
curring immediately after the anaphor [he in (6)
above], as in Experiment 2. The filler and pr
tice sentences in the lists that contained
deep-processing questions had the same
tions as in Experiment 1; the filler and pract
sentences on the lists that contained the s
low-processing questions were associated
questions on one third of the trials. In oth
respects, the procedure was identical to tha
Experiment 1.

Results and Discussion

For the first fragment, we removed 1.6%
the data (times below 200 ms or above 17
We then removed outliers, accounting for 5.
of the data. For the second fragment, we
moved 0.8% of the data (times below 200 m
above 15 s) and 5.6% of the data (outliers).
the question response time, we removed 3
of the data (outliers).

Table 4 presents the mean reading times
the different experimental conditions. We c
ducted 2 Anaphor (pronoun vs. repea
name)3 2 Implicit Cause (NP1- vs. NP2-bia
ing verb) 3 2 Congruency (congruent vs.
congruent)3 2 Type of Question (deep v

4

illiseconds for Sentence Fragments

Congruency Fragment 1 Fragm

Congruent 2366 1624
Incongruent 2069 1668
Congruent 2012 1562
Incongruent 2273 1621

Congruent 2041 1617
Incongruent 2117 1910
Congruent 2032 1594
Incongruent 2028 1618

Congruent 3086 2078
Incongruent 2793 2299
Congruent 2648 1915
Incongruent 2976 2418

Congruent 2799 2238
Incongruent 2713 2794
Congruent 2639 2375
Incongruent 2714 2386
LE

n M
sshallow processing) ANOVAs. Anaphor, Im-
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434 STEWART, PICKERING, AND SANFORD
plicit Cause, and Congruency were within-p
ticipants; Type of Question was between-pa
ipants. Anaphor, Congruency, and Type
Question were within-items; Implicit Cause w
between-items.

First fragment reading times.Four-way
ANOVAs revealed a main effect of Type
Question (F1(1,62) 5 8.46, p , .005,

Se5 6,978,596;F2(1,46)5 300.83,p ,
0001, MSe 5 147,374), with participants
aking longer to read this fragment in the de
rocessing conditions (2796 ms) than the s

ow-processing conditions (2117 ms), and
arginal effect of Anaphor (F1(1,60)5 5.43,
, .05, MSe5 479,597;F2(1,46)5 3.22,
, .08,MSe5 1,844,973),which suggeste

hat participants took longer to read fragme
ontaining repeated names (2528 ms) than
ents containing pronouns (2385 ms). Th
as also an interaction of Implicit Cause a
ongruency (F1(1,62) 5 24.38,p , .0001
Se5 129,835;F2(1,46)5 8.30,p , .01,
Se 5 291,104) and amarginal three-wa

nteraction of Implicit Cause, Congruency, a
naphor (F1(1,62) 5 10.01, p , .005,
Se5 241,132;F2(1,46)5 3.52,p , .07,
Se 5 506,943).
As the conditions containing pronouns
ained ambiguous for the first fragment,

onducted analyses on the repeated name
f the Anaphor factor alone. These reveale
ain effect of Type of Question (deep proce

ng: 2876 ms; shallow processing: 2180 m
F1(1,62) 5 9.20, p , .005, MSe 5

3,367,379;F2(1,46) 5 189.16,p , .0001
MSe5 122,915) and aninteraction of Implici
Cause and Congruency (F1(1,62) 5 29.48
p , .0001, MSe 5 188,404; F2(1,46) 5
9.96,p , .005,MSe5 419,375):Fragment
containing a name that repeated NP2 (2381
were read faster than fragments containin
name that repeated NP1 (2675 ms). Note, h
ever, the lack of any effect of implicit causal
on this fragment (bothFs , 1). These resul
are therefore similar to those found in Exp
ment 2.

Second fragment reading times.There was
main effect of Congruency (congruent: 18

ms; incongruent: 2089 ms) (F1(1,62) 5
-
-
f

-
l-

s
-

e

el
a
-
)

s)
a
-

41.80, p , .001, MSe 5 140,356
F2(1,46) 5 18.98, p , .0001, MSe 5
237,060),which was modified by an intera
tion of Congruency and Type of Quest
(F1(1,62) 5 10.83, p , .005, MSe 5
140,356;F2(1,92)5 5.64,p , .05, MSe5
201,034). As predicted by the Integratio
model, the congruency effect was weaker
second fragments in the conditions where
ticipants had to respond to a shallow-proces
question (105 ms) than in the conditions wh
participants had to respond to a deep-proces
question (323 ms). The congruency effec
both conditions was significant, however [sh
low processing:F1(1,31) 5 5.49, p , .05,
MSe5 128,735;F2(1,46)5 7.70,p , .01,
MSe5 72,452;deep processing:F1(1,31)5
43.95, p , .0001; MSe 5 151,977
F2(1,46) 5 13.88, p , .0005, MSe 5
365,643]. There was no interaction betwe
Congruency and Anaphor (bothFs , 1). The
congruency effect was 207 ms for the na
conditions and 221 ms for the pronoun con
tions. Tests of simple effects demonstrated
both of these were significant (allps , 0.01).

The analyses also revealed an effect of T
of Question (F1(1,62) 5 13.94,p , .0005
MSe5 4,016,906;F2(1,46)5 355.25,p ,
.0001, MSe 5 118,306),with fragments in
the shallow-processing conditions (1652
being read faster than those in the deep-proc
ing conditions (2313 ms). There were also
effect of Anaphor (F1(1,62) 5 17.30, p ,
.0001,MSe5 209,871;F2(1,46) 5 13.64
p , .001, MSe 5 201,379),with fragments
following pronouns (2067 ms) being read m
quickly than fragments following repeat
names (1898 ms), and an interaction of Anap
and Type of Question (F1(1,60)5 6.41,p ,
.05, MSe5 209,871;F2(1,46)5 7.09,p ,
.05, MSe 5 134,577), suggesting that th
was largely restricted to the deep-proces
conditions. There was also an interaction
Anaphor, Implicit Cause, and Congruen
(F1(1,60) 5 15.73, p , .0005, MSe 5
156,592;F2(1,46)5 6.69,p , .05, MSe5
269,352), suggesting that following a nam
referring to either the first or second mentio

character, integration is equivalently fast; but



l-
ac
no

tion
an
the
the

ults
tly,
on
y
nd
tio
els
ila

bor
ou
firs
c-

h a
ici-
s

ske
d o
nte
ic

pro
e
th

mb
in
ity
ith

ion
ow
it
at
dis
un
p

di-
se

nts
ar-
ing
e

nd-
&

h,
ted
ase,
tion
yed
hen
res-
es

ery
sing
on,
sed

e in
ced-
pro-
er to

ed
ted

e
unt
lty
der
re-
me
if-
g-

lso
ent
3:

en-
t not
pro-
e-
ias
If

435IMPLICIT CAUSALITY
following a pronoun, integration is faster fo
lowing reference to the first mentioned char
ter than reference to the second. We did
analyze participants’ responses to the ques
as those presented to one group of particip
were very different from those presented to
other group (and occurred only on a third of
trials).

Experiment 3 replicated the pattern of res
found in Experiments 1 and 2. Importan
there was no interaction of Anaphor and C
gruency (bothFs , 1). In fact, the congruenc
effect was almost identical with pronouns a
repeated names. In accord with the Integra
account, but not the Focusing or Mixed mod
the second fragment data indicate that a sim
congruency effect occurred whether the su
dinate clause contained an ambiguous pron
or a repeated name. The data from the
fragment provide further support for this a
count. Additionally, the congruency effectwas
affected by the type of question asked, wit
more substantial effect occurring when part
pants were asked deep-processing question
ter every sentence than when they were a
shallow-processing questions after one thir
sentences. These findings accord with the I
gration account but run contrary to the pred
tions of the Focusing account.

EXPERIMENT 4

So far we have contrasted ambiguous
nouns with unambiguous repeated nam
Hence there are two differences between
pronoun and repeated name conditions: a
guity and type of anaphor. Experiment 4,
contrast, looked at the effects of ambigu
alone by contrasting ambiguous pronouns w
pronouns disambiguated by gender.

The Focusing, Mixed model, and Integrat
accounts make different predictions as to h
gender information might interact with implic
causality information. The critical point is th
gender can be used to provide immediate
ambiguation of the antecedent of the prono
The following argument relies on the assum
tion that pronoun resolution can occur imme
ately and that gender information can be u

immediately. Good evidence for these assump
-
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tions comes from reading-time experime
(Garnham, Oakhill, & Cruttenden, 1992; G
rod et al., 1994) and cross-modal prim
(Marslen-Wilson, Tyler, & Koster, 1993). Som
probe task experiments do not support this fi
ing (e.g., Greene et al., 1992; MacDonald
MacWhinney, 1990; Stevenson & Vitkovitc
1986), but this discrepancy is probably rela
to the nature of the task employed. In any c
the evidence suggests that gender informa
can be used immediately in the task emplo
here: Garnham et al. (1992) showed that w
the experimental task demands immediate
olution of a pronoun, gender information do
have a quick influence. In Experiment 4 ev
sentence was followed by a deep-proces
question, which required pronoun resoluti
and hence gender information should be u
immediately.

Experiment 4 used sentences like thos
Table 5. Since pronouns prefer focused ante
ents, the Focusing account predicts that
nouns should be easier to process if they ref
the focused noun phrase. Thus, afterDaniel
apologised to Joanne because he. . . , the pro-
nounherefers to Daniel, who should be focus
by the implicit-causality information associa
with the NP1-biasing verbapologised.But after
Joanne apologised to Arnold because he. . . ,
the pronounhe refers to Arnold, who should b
out of focus. Hence, the Focusing acco
makes the prediction that there will be difficu
with the first fragment if verb bias and gen
information conflict (assuming pronouns are
solved immediately). There might be so
“spillover” to the second fragment, but the d
ficulty should occur mainly on the first fra
ment.

More crucially, the Focusing account a
makes a prediction for the second fragm
similar to that made in Experiments 2 and
The congruency effect ought to occur in s
tences that contain ambiguous pronouns, bu
in sentences that contain unambiguous
nouns. AfterDaniel apologised to Arnold b
cause he. . . , readers should employ verb b
to initially interpretheas referring to Daniel.
the sentence continueshad been behavingself-

-ishly, this interpretation of the pronoun is felic-
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itous. But if the sentence continuesdidn’t de-
serve the criticism,it turns out that the pronou
felicitously refers to Arnold. Hence, read
would then have to perform costly reanaly
during this second fragment. Because the
fects with the unambiguous pronouns sho
mainly be confined to the first fragment,
effects should be larger for the ambiguous t
the unambiguous pronouns in the second f
ment.

In contrast, the Integration account does
predict any difference in the magnitude of
congruency effect as a function of the inform
tiveness of gender information. Under the In
gration account, the congruency effect ar
only during integration and is separate from
aspect of processing associated with focu
on the appropriate referent. Hence its main
diction is a congruency effect on the sec
fragment that is unaffected by whether the p
noun is ambiguous.

With respect to the first fragment, the In
gration account makes one of two predictio
Recall that repeated name in Experiments 2
3 was read faster if it corresponded to NP2 t
NP1. If this is due to a first mention effect, w
a preference for a name to refer to an unfocu
antecedent, then the fact that pronouns pre
entially refer to a focused antecedent m
predict that a fragment containing an unam
uous pronoun would be read faster if it refer
to NP1 than NP2. But if the effect is due
lexical priming, then no effects are predict

TAB

Example Material

Pronoun
Implicit
cause Congruency

Ambiguous NP1 Congruent Dani
Incongruent Danie

NP2 Congruent Jean
Incongruent Jean c

Unambiguous NP1 Congruent Dan
Incongruent Joann

NP2 Congruent John
Incongruent Jean c
The critical point, however, is that the Integra-
f-

n
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t
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s

g
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d
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tion account predicts no effects of congrue
on this fragment.

Method

Participants.We employed 32 further parti
ipants.

Stimuli.The 48 sets of items were the sam
those in Experiment 1, except that one nam
the main clause was replaced by a name o
opposite gender, and the repeated names
replaced by unambiguous pronouns (see T
5 and Appendix A). There were four versions
each item, defined by the combination of t
factors: Pronoun (unambiguous vs. ambigu
pronoun) and Congruency (congruent vs. inc
gruent). A third factor, Implicit Cause (NP1- v
NP2-biasing verb) was manipulated betw
items.

Procedure.The procedure was identical
that of Experiment 2.

Results and Discussion

For the first fragment, we removed 2.0%
the data (times below 300 ms or above 15
We then removed outliers, accounting for 3.
of the data. For the second fragment, we
moved 2.6% of the data (outliers). For the qu
tion response time, we removed 1.2% of
data (times below 300 ms or above 15 s)
2.7% of the data (outliers).

Table 6 presents the mean reading times
question response times for the different ex
imental conditions. We conducted 2 Prono

5

sed in Experiment 4

Example

pologised to Arnold because he had been behaving s
ologised to Arnold because he didn’t deserve the criti
gratulated Rita because she had won the championsh
gratulated Rita because she was very impressed.
pologised to Joanne because he had been behaving

pologised to Arnold because he didn’t deserve the cri
gratulated Rita because she had won the championsh
gratulated John because she was very impressed.
LE
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(ambiguous vs. unambiguous pronoun)3 2 Im-
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plicit Cause (NP1- vs. NP2-biasing verb)3 2
Congruency (congruent vs. incongruent) ANOV
Pronoun and Congruency were within-part
pants and within-items factors; Implicit Cau
was within-participants but between-items.

First fragment reading times.Three-way
ANOVAs revealed a marginal effect of Prono
(F(1,31) 5 3.55,p , .07, MSe5 148,324
F2(1,46) 5 3.01, p , .09, MSe 5
118,784),with fragments containing unamb
uous pronouns (2117 ms) being read margin
faster than fragments containing ambigu
pronouns (2207 ms), and a marginal three-
interaction (F(1,31) 5 3.04, p , .1, MSe5

35,826;F2(1,46)5 4.72,p , .05, MSe5
141,942).However, the more important tw
way ANOVAs using just the unambiguous le
of the Pronoun factor revealed no effects
Fs , 1). This implies that the marginal thre

ay interaction is spurious, as it depends u
ifferences between identical conditions. T

here is no effect of either first mention
mplicit causality on first fragment reading tim

Second fragment reading times.There was
main effect of Congruency (F1(1,31) 5
24.36, p , .0001, MSe 5 66,487
F2(1,46) 5 10.23, p , .005, MSe 5
148,046),with congruent fragments (1810 m
being read faster than incongruent fragm
(1969 ms). The effect of congruency was
influenced by whether the pronoun was am
uous (bothFs , 1.2). Furthermore, the caus
ity congruency effect was numerically sma
with ambiguous pronouns (113 ms) than un

TAB

Experiment 4 Reading Times in Millis
(with Response Accuracy

Pronoun Implicit cause Congruenc

mbiguous NP1 Congruent
Incongruent

NP2 Congruent
Incongruent

nambiguous NP1 Congruent
Incongruent

NP2 Congruent
Incongruent
biguous pronouns (206 ms). Tests of simple
.

y
s
y

l

n
s

s
t
-

-

effects demonstrated that this effect was reli
for unambiguous pronouns (F1(1,31) 5
11.17, p , .005; F2(1,46) 5 9.72, p ,
.005) andmarginal for ambiguous pronou
(F1(1,31) 5 3.32, p , .08; F2(1,46) 5
2.88,p , .1). These results are not consist
with the Focusing and Mixed accounts, but
consistent with the Integration account.

The analyses also revealed a main effec
Pronoun (F1(1,31) 5 12.50, p , .005,
MSe 5 284,041; F2(1,46) 5 19.20, p ,
.0001,MSe5 167,485),with fragments fol
lowing unambiguous pronouns (1772 ms) be
read more quickly than fragments followi
ambiguous pronouns (2007 ms). This is con
tent with the idea that a gender cue serve
facilitate reference resolution. There was a
an effect of Implicit Cause (F1(1,31)5 9.53,
p , .005, MSe 5 188,474; F2(1,46) 5
6.51, p , .05, MSe 5 212,302),with frag-
ments following NP2-biasing verbs (1806 m
being read more quickly than fragments follo
ing NP1-biasing verbs (1973 ms).

Question response data.The effect of Con
gruency emerged in the response times an
the participants’ analysis of the accuracy d
Type of pronoun did not have any effect (p
haps because pronoun resolution is always
essary to answer the question).

Discussion

The results of this experiment provide pr
ably the strongest support for the Integra

6

nds for Sentence Fragments and Questions
ressed as Percentage Correct)

Fragment 1 Fragment 2 Questio

2379 1983 2312 (87
2157 2234 2813 (85.3
2058 1919 2091 (93.
2235 1893 2453 (90.1

2112 1696 1810 (96
2176 1980 2156 (92.5
2070 1641 1757 (99.
2109 1769 1896 (93.8
LE
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y

model. We found evidence of the congruency
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effect in the reading time data for the sec
fragment, for both the ambiguous and unam
uous cases. Both the Focusing and Mixed
counts predicted that if implicit causality info
mation was used to focus on one character
another, then the congruency effect arising
ing reading of the second fragment should
reduced when gender information is availa
Contrary to this, the congruency effect was n
significantly increased in the presence of gen
information.

We found no evidence of an effect of co
gruency in the data for the first fragment. T
provides additional evidence against the Fo
ing and Mixed accounts and in favor of t
Integration account. Note that the lack of a fi
mention effect suggests that the finding in
periments 2 and 3 may well have been du
lexical priming. The suggestion that fragme
containing ambiguous pronouns were r
faster than fragments containing unambigu
pronouns, if real, may have been due to a p
erence for reading fragments containing
names of the same gender over fragments
taining two names of different genders. Over
it is not safe to conclude that there were
theoretically interesting effects on the first fr
ment in any of the experiments.

GENERAL DISCUSSION

The results of the experiments reported ab
support the Integration account. Although
regularly found the causality congruency eff
in our reading time data, we never found
interaction between the causality congrue
effect and the type of anaphor, and there is
consistent trend toward such an interact
Such an interaction is predicted by both
Focusing account and the Mixed account.

In Experiments 1–3 we found a causa
congruency effect with repeated name a
phors. This is contrary to the predictions of
Focusing model. Experiment 4 found a m
effect of congruency that was unaffected
whether the pronoun was ambiguous and
effect of a mismatch between verb bias
gender cue in the first fragment. These res
provides further support for the Integration

count. Contrary to the findings of Greene and
-
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McKoon (1995) and of McDonald and Ma
Whinney (1995) we found no evidence of
early influence of implicit causality. Experime
2 demonstrated that the differences could no
due to the presence of extra words in the ea
studies. We found further evidence suppor
the Integration account in Experiment 3, wh
our depth of processing manipulation resu
in a reduction in the magnitude of the cong
ency effect under shallow-processing con
tions. Again, this is contrary to the predictio
of the Focusing model.

All of the data reported in this paper a
consistent with the account outlined
Garnham et al. (1996). Their position was ba
on inconclusive data, however. They failed
find any clear difference between anteced
and nonantecedent activation levels using
probe task in the context of implicit causa
information (although they did find such a d
ference when a gender cue was present). A
tionally, their experiment adopted the pro
task, which may be inappropriate for monit
ing language comprehension online. As
findings are based on an alternative metho
ogy and are consistently clear, they streng
Garnham et al.’s (1996) conclusion that
influence of implicit causality occurs duri
integration. However, we cannot complet
rule out some small influence of implicit ca
sality during focusing.

In conclusion, our results suggest that
plicit causality information is employed by t
language processor during integration. Imp
causality does not focus the processor on
potential referent consistent with the direct
of the implicit causality bias. Rather, it faci
tates the process of combining clauses to
duce a coherent semantic representation.

APPENDIX A: ITEMS FROM
EXPERIMENTS 1–4

Items 1–12 contain NP1-biased verbs. Items 13–24
tain NP2-biased verbs. The second set of 24 items were
for the second presentations of each verb. Thus Items 2
contain the same verbs and endings as Items 1–1
different proper names. Similarly, Items 37–48 contain
same verbs and endings as Items 13–24 but with diff
proper names. For each item, the subordinate clause w

the first set of parentheses is congruent with the verb’s bias,
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and the subordinate clause within the second set is in
gruent. In Experiment 1 the names of the characters i
main clause were of the same gender and occur befo
slash. The anaphor in the subordinate clause was eith
ambiguous pronoun or a repetition of the name of one o
characters in the main clause. The items used in Exper
2 were identical to those used in Experiment 1, with
exception of the presence of additional words prior to
connective (indicated in parentheses). The items in Ex
iment 3 were the same as those in Experiment 1 (wit
additional manipulation of Question Type). In Experime
the characters in the main clause were either of the sa
a different gender. Thus the first name in NP1 pos
(Daniel in Example 1) was paired with the either the firs
second name in NP2 position (Arnoldor Joannein Example

). Each item is shown with the versions of a deep-proc
ng question and the versions of a shallow-processing q
ion (in that order). (A shallow-processing question follo
ach item because, although each participant saw such

ions after only one third of the items, different participa
aw questions after different thirds.)

1. Daniel/Joanne apologised to Arnold/Joanne (prof
y) because (Daniel/he had been behaving selfishly.)
old/he didn’t deserve the criticism.)

ho had been behaving selfishly?/Who didn’t deserve
riticism?
id Daniel/Joanne apologise to Arnold/Joanne?

2. Philip/Tracey confessed to Callum/Tracey (ri
way) because (Philip/he had stolen the money.)/(

um/he would not be judgmental.)

ho had stolen the money?/Who would not be judgme
as it a cheque book that had been stolen?

3. Barry/Lydia fascinated Derek/Lydia (lots and lo
ecause (Barry/he performed magic tricks.)/(Derek/he
asily entertained.)

ho performed magic tricks?/Who was easily entertain
id Barry/Lydia fascinate Derek/Lydia?

4. Ann/Ben infuriated Liz/Ben (greatly) because (A
he had broken the promise.)/(Liz/she hated being
eived.)
ho had broken the promise?/Who hated being dece
id Liz/Ben infuriate Ann/Ben?

5. Rose/John disappointed Joan/John (deeply) be
Rose/she failed to appear.)/(Joan/she had high stand

ho had failed to appear?/Who had high standards?

id Rose/John disappoint Joan/John?

6. Amy/Tim troubled Sue/Tim (enormously) beca
Amy/she was starting to behave rather strangely.)/(Su
ated seeing others feeling very sad.)

ho was starting to behave rather strangely?/Who h

eeing others feeling very sad?
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Did Sue/Tim trouble Amy/Tim?

7. Henry/Carol inspired Terry/Carol (intensely) beca
(Henry/he had managed to beat the odds.)/(Terry/he ne
someone to look up to.)

Who had managed to beat the odds?/Who needed som
to look up to?
Did Henry/Carol inspire Terry/Carol?

8. Jake/Nancy telephoned Luke/Nancy (straight aw
because (Jake/he wanted to ask a favour.)/(Luk
wouldn’t remember to call.)

Who wanted to ask a favour?/Who wouldn’t remembe
call?
Did Luke/Nancy telephone Jake/Nancy?

9. James/Donna amused Craig/Donna (a lot) bec
(James/he performed hilarious impressions.)/(Craig/he
very easily entertained.)

Who performed hilarious impressions?/Who was very
ily entertained?
Were the impressions hilarious?

10. Susan/Terry concerned Carol/Terry (a great d
because (Susan/she was starting to behave erratically.)
ol/she hated seeing friends in trouble.)

Who was starting to behave erratically?/Who hated se
friends in trouble?
Was the behaviour predictable?

11. Caroline/Jonathon amazed Florence/Jonathon (
pletely) because (Caroline/she passed the exam.)/(Flor
she was easily impressed.)

Who passed the exam?/Who was easily impressed?
Did Caroline/Jonathon amaze Florence/Jonathon?

12. Diana/Craig called Nancy/Craig (quickly) beca
(Diana/she had found the telephone number.)/(Nanc
couldn’t make outgoing calls.)

Who had found the telephone number?/Who couldn’t m
outgoing calls?
Did Nancy/Craig call Diana/Craig?

13. Jean/John congratulated Rita/John (vigorously)
cause (Rita/she had won the championship.)/(Jean/sh
very impressed.)

Was was very impressed?/Who had won the champion
Did Rita/John congratulate Jean/John?

14. Michael/Kathryn appreciated Richard/Kathryn (v
much) because (Richard/he had offered to help.)/
chael/he needed the extra help.)

Who needed the extra help?/Who had offered to help?

Did Richard/Kathryn appreciate Michael/Kathryn?
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440 STEWART, PICKERING, AND SANFORD
15. Trevor/Phoebe detested Gordon/Phoebe (utterly
cause (Gordon/he was completely unreliable.)/(Trevo
hated being taken advantage of.)

Who hated being taken advantage of?/Who was comp
unreliable?
Did Trevor/Phoebe detest Gordon/Phoebe?

16. Jack/Mary liked Tony/Mary (considerably) beca
(Tony/he was full of incredibly helpful advice.)/(Jack
was made to feel quite at home.)

Who was made to feel quite at home?/Who was ful
incredibly helpful advice?
Was the advice incredibly helpful?

17. Catherine/Jonathon despised Elizabeth/Jona
(passionately) because (Elizabeth/she seemed to lie
stantly.)/(Catherine/she had felt very let down.)

Who had felt very let down?/Who seemed to lie constan
Did Catherine/Jonathon despise Elizabeth/Jonathon?

18. Cathy/Harry thanked Sally/Harry (wholehearte
because (Sally/she had brought the present.)/(Cathy/sh
appreciated the present.)

Who had appreciated the present?/Who had brough
present?
Did Sally/Harry thank Cathy/Harry?

19. Mick/Lisa loathed Paul/Lisa (thoroughly) beca
(Paul/he had very little integrity.)/(Mick/he was starting
feel upstaged.)

Who was starting to feel upstaged?/Who had very
integrity?
Did Mick/Lisa loathe Paul/Lisa?

20. Ted/Sue praised Bob/Sue (enthusiastically) bec
(Bob/he behaved very courageously.)/(Ted/he was
pressed by the project.)

Who was impressed by the project?/Who behaved
courageously?
Was the project unimpressive?

21. Ray/Liz scolded Rob/Liz (severely) because (Ro
had damaged the mahogany table.)/(Ray/he was awa
the potential danger.)

Who was aware of the potential danger?/Who had dam
the mahogany table?
Did Ray/Liz scold Rob/Liz?

22. Anna/Bill noticed Emma/Bill (at once) becau
(Emma/she wore a remarkably colourful dress.)/(Anna
was always exceedingly observant.)

Who was always exceedingly observant?/Who wore
markably colourful dress?

Did Emma/Bill notice Anna/Bill?
e-
e
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23. Gemma/Paul punished Ellen/Paul (harshly) bec
(Ellen/she had been very trying.)/(Gemma/she had
enough.)

Who had had enough?/Who had been very trying?
Did Gemma/Paul punish Ellen/Paul?

24. Emily/Grant admired Tracy/Grant (unreservedly)
cause (Tracy/she was very motivated.)/(Emily/she need
role model.)

Who needed a role model?/Who was very motivated?
Did Tracy/Grant admire Emily/Grant?

25. Edward/Kirsty apologised to Justin/Kirsty (p
fusely) because (Edward/he had been behaving selfis
(Justin/he didn’t deserve the criticism.)

Who had been behaving selfishly?/Who didn’t deserve
criticism?
Did Edward/Kirsty apologise to Justin/Kirsty?

26. Thomas/Daphne confessed to Johnny/Daphne
away) because (Thomas/he had stolen the money.)/(
ny/he would not be judgmental.)

Who had stolen the money?/Who would not be judgme
Was it a cheque book that had been stolen?

27. KevinPaula fascinated Peter/Paula (lots and lots
cause (Kevin/he performed magic tricks.)/(Peter/he was
ily entertained.)

Who performed magic tricks?/Who was easily entertain
Did Kevin/Paula fascinate Peter/Paula?

28. Jan/Tom infuriated Meg/Tom (greatly) because (
she had broken the promise.)/(Meg/she hated being
ceived.)

Who had broken the promise?/Who hated being dece
Did Meg/Tom infuriate Jan/Tom?

29. Beth/Bill disappointed Ruth/Bill (deeply) becau
(Beth/she failed to appear.)/(Ruth/she had high standa

Who had failed to appear?/Who had high standards?
Did Beth/Bill disappoint Ruth/Bill?

30. Kay/Roy troubled Eve/Roy (enormously) beca
(Kay/she was starting to behave rather strangely.)/(Ev
hated seeing others feeling very sad.)

Who was starting to behave rather strangely?/Who h
seeing others feeling very sad?
Did Eve/Roy trouble Kay/Roy?

31. David/Sarah inspired Simon/Sarah (intensely)
cause (David/he had managed to beat the odds.)/(Sim
needed someone to look up to.)

Who had managed to beat the odds?/Who needed som
to look up to?

Did David/Sarah inspire Simon/Sarah?



) be
ldn

r to

use
wa

eas

) be
inda

ein

ple
er/s

aus
a/s

ak

e-
w

ship

ery
oug

be-
n/h

lete

use
as

l of

astian
con-

tly?
?

dly)
e had

t the

se
to

little

use
im-

very

uy/he
of the

aged

use
/she

a re-

be-
had

be-
ded a

441IMPLICIT CAUSALITY
32. John/Nora telephoned Noel/Nora (straight away
cause (John/he wanted to ask a favour.)/(Noel/he wou
remember to call.)

Who wanted to ask a favour?/Who wouldn’t remembe
call?
Did Noel/Nora telephone John/Nora?

33. Grant/Kathy amused Keith/Kathy (a lot) beca
(Grant/he performed hilarious impressions.)/(Keith/he
very easily entertained.)

Who performed hilarious impressions?/Who was very
ily entertained?
Were the impressions hilarious?

34. Trudy/John concerned Linda/John (a great deal
cause (Trudy/she was starting to behave erratically.)/(L
she hated seeing friends in trouble.)

Who was starting to behave erratically?/Who hated se
friends in trouble?
Was the behaviour predictable?

35. Kathleen/Joseph amazed Jennifer/Joseph (com
ly) because (Kathleen/she passed the exam.)/(Jennif
was easily impressed.)

Who passed the exam?/Who was easily impressed?
Did Kathleen/Joseph amaze Jennifer/Joseph?

36. Sarah/Robert called Donna/Robert (quickly) bec
(Sarah/she had found the telephone number.)/(Donn
couldn’t make outgoing calls.)

Who had found the telephone number?/Who couldn’t m
outgoing calls?
Did Donna/Robert call Sarah/Robert?

37. Gail/Karl congratulated Cath/Karl (vigorously) b
cause (Cath/she had won the championship.)/(Gail/she
very impressed.)

Was was very impressed?/Who had won the champion
Did Cath/Karl congratulate Gail/Karl?

38. Douglas/Gillian appreciated Stephen/Gillian (v
much) because (Stephen/he had offered to help.)/(D
las/he needed the extra help.)

Who needed the extra help?/Who had offered to help?
Did Stephen/Gillian appreciate Douglas/Gillian?

39. Norman/Hilary detested George/Hilary (utterly)
cause (George/he was completely unreliable.)/(Norma
hated being taken advantage of.)

Who hated being taken advantage of?/Who was comp
unreliable?
Did Norman/Hilary detest George/Hilary?

40. Alan/Mona liked Jeff/Mona (considerably) beca
(Jeff/he was full of incredibly helpful advice.)/(Alan/he w

made to feel quite at home.)
-
’t

s

-

-
/

g

te-
he

e
he

e

as

?

-

e

ly

Who was made to feel quite at home?/Who was ful
incredibly helpful advice?
Was the advice incredibly helpful?

41. Kimberley/Sebastian despised Josephine/Seb
(passionately) because (Josephine/she seemed to lie
stantly.)/(Kimberley/she had felt very let down.)

Who had felt very let down?/Who seemed to lie constan
Did Kimberley/Sebastian despise Josephine/Sebastian

42. Eliza/Derek thanked Doris/Derek (wholehearte
because (Doris/she had brought the present.)/(Eliza/sh
appreciated the present.)

Who had appreciated the present?/Who had brough
present?
Did Doris/Derek thank Eliza/Derek?

43. Bill/Jill loathed Neil/Jill (thoroughly) becau
(Neil/he had very little integrity.)/(Bill/he was starting
feel upstaged.)

Who was starting to feel upstaged?/Who had very
integrity?
Did Bill/Jill loathe Neil/Jill?

44. Roy/Kay praised Ian/Kay (enthusiastically) beca
(Ian/he behaved very courageously.)/(Roy/he was
pressed by the project.)

Who was impressed by the project?/Who behaved
courageously?
Was the project unimpressive?

45. Joe/Joy scolded Guy/Joy (severely) because (G
had damaged the mahogany table.)/(Joe/he was aware
potential danger.)

Who was aware of the potential danger?/Who had dam
the mahogany table?
Did Joe/Joy scold Guy/Joy?

46. Mary/Brian noticed Lisa/Brian (at once) beca
(Lisa/she wore a remarkably colourful dress.)/(Mary
was always exceedingly observant.)

Who was always exceedingly observant?/Who wore
markably colourful dress?
Did Lisa/Brian notice Mary/Brian?

47. Chloe/Simon punished Norma/Simon (harshly)
cause (Norma/she had been very trying.)/(Chloe/she
had enough.)

Who had had enough?/Who had been very trying?
Did Norma/Simon punish Chloe/Simon?

48. Irene/Tim admired Rosie/Tim (unreservedly)
cause (Rosie/she was very motivated.)/(Irene/she nee
role model.)

Who needed a role model?/Who was very motivated?

Did Irene/Tim admire Rosie/Tim?



he
ts i
e,

77

rs,
d

C J.
ron-
-
ters,

N

e

e

A
A
P
D
L
N
C
L
P
S
D
T

M

442 STEWART, PICKERING, AND SANFORD
REFERENCES

Au, T. K. (1986). A verb is worth a thousand words: T
causes and consequences of interpersonal even
plicit in language.Journal of Memory and Languag
25, 104–122.

Caramazza, A., Grober, E., Garvey, C., & Yates. J. (19
Comprehension of anaphoric pronouns.Journal of

APPENDIX B: CONTINUATION AN

P-1-Biasing Verbs

NP1
continuations

(of 24)

NP 2
continuations

(of 24)

Plaus
NP1 s
(con

Fascinated 21 0
Infuriated 22 0 6
Disappointed 21 0 6
Confessed to 22 0
Apologised to 21 1 6
Inspired 16 0 6
Troubled 19 1 6
Telephoned 20 1
Amused 19 1 6
Concerned 19 0
Amazed 18 1 6
Called 16 0 8

Mean 19.5 0.4 6

NP2-Biasing Verbs

NP1
continuations

(of 24)

NP2
continuations

(of 24)

Plaus
NP1 s
(incon

dmired 0 18 6
ppreciated 1 16 6
raised 1 17 6
espised 1 16 6
iked 1 18 6
oticed 0 17 6
ongratulated 1 21
oathed 2 18 5
unished 1 14 5
colded 1 17 5
etested 1 19 6
hanked 2 17 6

ean 1.0 17.3 6
Verbal Learning and Verbal Behavior,16, 601–609. E
m-

).

Cloitre, M., & Bever, T. G. (1988). Linguistic anapho
levels of representation and discourse.Language an
Cognitive Processes,3, 293–322.

ohen, J. D., MacWhinney, B., Flatt, M., & Provost,
(1993). PsyScope: A new graphic interactive envi
ment for designing psychology experiments.Behav
ioural Research Methods, Instruments and Compu
25, 257–271.

LAUSIBILITY PRETEST RESULTS

ty of
tence
ent)

Plausibility of
NP2 sentence
(incongruent)

Plausibility of
“incorrect”
version of

NP1 sentence
(congruent)

Plausibility of
“incorrect
version of

NP2 sentenc
(incongruent)

7 5.667 3.000 1.292
3 5.375 2.625 1.625
8 6.292 3.083 1.208

42 6.304 1.042 1.167
5 6.500 2.042 0.667
2 5.333 1.750 2.333
0 5.875 2.792 1.708
2 6.292 0.500 2.522
0 5.833 2.583 1.083
5 5.292 2.125 1.391
2 6.125 2.458 1.000
0 6.792 0.957 2.542

6 5.973 2.080 1.545

y of
tence
ent)

Plausibility of
NP2 sentence
(congruent)

Plausibility of
“incorrect”
version of

NP1 sentence
(incongruent)

Plausibility of
“incorrect”
version of

NP2 sentenc
(congruent)

5 6.333 1.913 1.583
5 6.583 2.708 1.792
0 6.750 2.261 1.875
0 6.583 1.250 1.917

6.417 1.208 1.958
2 6.625 1.375 2.000
5 6.833 1.083 2.000

8 6.125 2.958 2.375
3 5.958 1.583 2.458
8 6.500 1.250 2.625
2 6.375 2.292 2.958
3 6.583 1.318 3.417

4 6.472 1.767 2.247
D P

ibili
en

gru

6.41
.58
.45

6.5
.56
.04
.50
6.54
.25

6.12
.29
.00

.52

ibilit
en
gru

.12
.12
.00
.25

.000
.04
5.87
.70
.58
.95
.04
.58

.02
hrlich, K. (1980). Comprehension of pronouns.The Quar-



of
and

role
ta-
es,

er,
in

role
ion
d

in

tor

ref

sin
tion

).
n i

tion

we
iting

G un
-
ni-

G id-
dis
of

H The
of
er-
.

M ing

M . S
o-

M ).
ment

W.
.

M ).

M e
rb
-

M is-
licit
l-

M f

M ry,
e-

R ical
l

S per
d

S 4).
ents.

S en-

T 7).
sion:
ion.
gy,

T the
rack-

T M.
the-

V .
tur-

,

(

443IMPLICIT CAUSALITY
terly Journal of Experimental Psychology,32, 247–
255.

Garnham, A., & Oakhill, J. (1985). On-line resolution
anaphoric pronouns: Effects of inference making
verb semantics.British Journal of Psychology,76,
385–393.

Garnham, A., Oakhill, J., & Cruttenden, H. (1992). The
of implicit causality and gender cue in the interpre
tion of pronouns.Language and Cognitive Process
7, 231–255.

Garnham, A., Traxler, M. J., Oakhill, J., & Gernsbach
M. A. (1996). The locus of implicit causality effects
comprehension.Journal of Memory and Language,35,
517–543.

Garrod, S. C., Freudenthal, D., & Boyle, E. (1994). The
of different types of anaphor in the on-line resolut
of sentences in a discourse.Journal of Memory an
Language,33, 39–68.

Garvey, C., & Caramazza, A. (1974). Implicit causality
verbs.Linguistic Inquiry,5, 459–464.

Garvey, C., Caramazza, A., & Yates, J. (1976). Fac
underlying assignment of pronoun antecedents.Cogni-
tion, 3, 227–243.

Gernsbacher, M. A. (1989). Mechanisms that improve
erential accesss.Cognition,32, 99–156.

Gernsbacher, M. A., & Hargreaves, D. J. (1988). Acces
sentence participants: The advantage of first men
Journal of Memory and Language,27, 699–717.

Gordon, P. C., Grosz, B. J., & Gilliom, L. A. (1993
Pronouns, names, and the centering of attentio
discourse.Cognitive Science,17, 311–347.

Gordon, P. C., & Hendrick, R. (1998). The representa
and processing of coreference in discourse.Cognitive
Science,22, 389–424.

Greene, S. B., & McKoon, G. (1995). Telling something
can’t know: Experimental approaches to verbs exhib
implicit causality.Psychological Science,5, 262–270.

reene, S. B., McKoon, G., & Ratcliff, R. (1992). Prono
resolution and discourse models.Journal of Experi
mental Psychology: Learning, Memory, and Cog
tion, 18, 266–283.

rosz, B. T., Joshi, A. K., & Weinstein, S. (1983). Prov
ing a unified account of definite noun phrases in
course. InProceedings of the 21st Annual Meeting
The Association of Computational Linguistics(pp. 44–
50). Cambridge, MA: MIT Press.

udson, S. B., Tanenhaus, M. K., & Dell, G. S. (1986).
effect of discourse centre on the local coherence
discourse. InProceedings of the 8th Annual Conf
ence of the Cognitive Science Society(pp. 96–101)
Hillsdale, NJ: Erlbaum.

acDonald, M. C., & MacWhinney, B. (1990). Measur
inhibition and facilitation from pronouns.Journal of
Memory and Language,29, 469–492.

acDonald, M. C., Pearlmutter, N. J., & Seidenberg, M
(1994). Lexical Nature of Syntactic Ambiguity Res
lution. Psychological Review,101,676–703.
 (
s

-

g
.

n

-

a

.

arslen-Wilson, W. D., Levy, E., & Tyler, L. K. (1982
Producing interpretable discourse: The establish
and maintenance of reference. In R. J. Jarvella &
Klein (Eds.).Speech, place and action(pp. 339–378)
Chichester, England: Wiley.

arslen-Wilson, W. D., Tyler, L. K., & Koster, C. (1993
Integrative processes in utterance resolution.Journal
of Memory and Language,32, 647–666.

cDonald, J. L., & MacWhinney, B. (1995). The tim
course of pronoun resolution: Effects of implicit ve
causality and gender.Journal of Memory and Lan
guage,34, 543–566.

cKoon, G., Greene, S. B., & Ratcliff, R. (1993). D
course models, pronoun resolution, and the imp
causality of verbs.Journal of Experimental Psycho
ogy: Learning, Memory, and Cognition,19, 1040–
1052.

illis, K. K., & Just, M. A. (1994). The influence o
connectives on sentence comprehension.Journal of
Memory and Language,33, 128–147.

urray, W. S., & Rowan, M. (1998). Early, mandato
pragmatic processing.Journal of Psycholinguistic R
search,27, 1–22.

udolph, U., & Forsterling, F. (1997). The psycholog
causality implicit in verbs: A review.Psychologica
Bulletin, 121,192–218.

anford, A. J., Moar, K., & Garrod, S. C. (1988). Pro
names as controllers of discourse focus.Language an
Speech,31, 43–56.

tevenson, R. J., Crawley, R. A., & Kleinman, D. (199
Thematic roles, focus and the representation of ev
Language and Cognitive Processes,9, 519–548.

tevenson, R. J., & Vitkovitch, M. (1986). The compreh
sion of anaphoric relations.Language and Speech,29,
335–357.

raxler, M. J, Bybee, M. D., & Pickering, M. J. (199
Influence of connectives on language comprehen
Eye-tracking evidence for incremental interpretat
The Quarterly Journal of Experimental Psycholo
50A, 481–497.

raxler, M. J., & Pickering, M. J. (1996) Plausibility and
processing of unbounded dependencies: An eye-t
ing study.Journal of Memory and Language,35,454–
475.

rueswell, J. C., Tanenhaus, M. K., & Garnsey, S.
(1994). Semantic influences on parsing: Use of
matic information in syntactic disambiguation.Journal
of Memory and Language,33, 285–318.

onk, W., Hustinx, L. G. M. M., & Simons, W. H. G
(1992). The use of referential expressions in struc
ing discourse.Language and Cognitive Processes7,
301–333.

Received July 6, 1999)

Revision received October 5, 1999)


	TABLE 1
	EXPERIMENT 1
	TABLE 2

	EXPERIMENT 2
	TABLE 3

	EXPERIMENT 3
	TABLE 4

	EXPERIMENT 4
	TABLE 5
	TABLE 6

	GENERAL DISCUSSION
	APPENDIX A: ITEMS FROM EXPERIMENTS 1–4
	APPENDIX B: CONTINUATION AND PLAUSIBILITY PRETEST RESULTS
	REFERENCES

