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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 Kin

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 focusimgooo Academic Press
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The way in which people ascribe causes texample, Caramazza, Grober, Garvey, an
events depends on the way in which a particulafates (1977) had participants read sentence
event is described. Thus, people normally asuch as (1) which contained NP1-biasing verb.
cribe the cause afohn questioned Mario the and sentences such as (2) which contained NP
referent of the subject noun phrase (henceforthiasing verbs. The continuation (axplicit
NP1), John,rather than the referent of the objectausg was either congruent with the implicit
noun phrase (henceforthNP2, Mary. Con- cause, asin (1a) and (2a), or incongruent with it
versely, they normally ascribe the causglofin  as in (1b) and (2b):
praised Maryto NP2, Mary, rather than NP1,

la. Roy questioned Anthony because he wanted to

John.For example, aftedohn questioned Mary
because. ., the most likely continuation is a
statement about John (e.he wanted to learn
the truth; but after John praised Mary be-
cause. .., the most likely continuation is a
statement about Mary (e.ghe was responsible

learn the truth.

1b. Bob questioned Timothy because he hadn't
told the truth.

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

2b. Michelle praised Lucy because she was

for the successful campaipiiGarvey & Car-  Pleased with the successful campaign.

amazza, 1974; Garvey, Caramazza, & Yaeparticipants took longer to read the sentence ar
1976). Such verbs have amplicit causality pame the referent of the pronoun when the
bias: The verb question is NP1-biasing, sentence was incongruent than when it was cor
whereaspraiseis NP2-biasing. gruent. Similar effects occurred when the pro-

This bias has an influence on language CoMion was gender-disambiguated. We term thi
prehension. Its effects emerge in the resolunogattem of results theausality congruency effect
of ambiguous anaphors such as pronouns. F@’ee also Ehrlich, 1980: McKoon, Greene, &
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as soon as it becomes available. In (1a), it McDonald and MacWhinney (1995) used a
becomes likely that the sentence will be coneross-modal probe task involving auditory pre-
cerned with the cause of the act of questioningentation of a sentence like (3) and visual pre
after becausds encountered. The implicit cau-sentation of probe word:
sality associated wituestionednakes it likely
that the continuation will refer t&Roy. If the
processor rapidly becomes sensitive to this con-
straint (as may be the case with constraints ilm Experiment 1, the probe was positioned (i)
parsing: e.g., MacDonald, Pearlmutter, & Sei100 ms after the second name, (ii) immediately
denberg, 1994; Trueswell, Tanenhaus, & Garrafter the pronoun, (iii) 200 ms after the pronoun,
sey, 1994), then it might use this information tar (iv) at the end of the sentence. For NP1
focus its attention on the likely cause. It wouldbiasing verbs, NP1 was processed faster tha
then be likely to assume that the antecedent &fP2 at all probe points. This may reflect the
he is Royin (1a) soon after encountering thefirst-mention advantage commonly found with
pronoun. Following Garnham et al. (1996), wehe probe task (Gernsbacher, 1989; Gernsbach
call this the Focusingaccount of the implicit & Hargreaves, 1988). For NP2-biasing verbs
causality bias. NP1 was processed faster than NP2 at points (
Alternatively, implicit causality information and (iii), but at points (ii) and (iv), reaction
might only affect later stages of processingtimes were similar for both NP1 and NP2. Mc-
during or after the process of assigning th®onald and MacWhinney argued that implicit
explicit cause, and at the point when the intereausality information affected pronoun resolu-
pretations of the two clauses are integrated intiion at points (ii) and (iv). Because the effect
a single interpretation for the sentence as @ccurred immediately after the pronoun, this
whole. If so, implicit causality information result provides some evidence for the Focusin
would not affect initial processing of the pro-account, though it is very unclear why the effect
noun he in (1a). (The pronoun might be as-disappeared at point (iii).
signed an antecedent by some other strategy orGreene and McKoon (1995) had subject:
not be assigned an antecedent at all at thiead three-sentence passages in which the thi
point.) Again following Garnham et al. (1996),sentence was similar to (1)—(3) above. The)
we call this thelntegration account. A final probed after the second sentence and just befo
possibility is that implicit causality influencesthe pronoun in the third sentence (and therefor
processing associated with both focusing aralfter the verb). For NP2-biasing verbs, they
integration: We call this th#lixedaccount. The found an interaction, with the reduction in re-
main goal of this paper is to determine whichaction time to probe words presented after the
account is correct. verb in comparison to before the verb being
Three recent papers have addressed the qugseater for NP2 probe words than NP1 probe
tion of the time course of the use of implicitwords. This can be interpreted as indicating tha
causality information (Garnham et al., 1996NP2-biasing verbs immediately focus attentior
Greene & McKoon, 1995; McDonald & Mac- on NP2. But there is an alternative explanation
Whinney, 1995). However, their data appear tdhe NP2 probe occurs fairly soon after the NPZ
clash, and they come to incompatible conclurame at the second probe position, unlike th
sions: Garnham et al. supported the Integratidirst probe position. Participants may simply be
account, whereas Greene and McKoon and Mcesponding faster to a fairly recent probe. In
Donald and MacWhinney argued for the Focusaddition, they did not find a comparable inter-
ing account. This state of affairs is perhapaction with NP1-biasing verbs. However, in-
particularly surprising because they employedpection of the means indicates that this differ-
similar methods: probe tasks in which particience is most likely due to the fact that there wa:
pants responded to the question of whetherra first-mention advantage at the first probe
particular word had appeared in the sentenceposition, which has no obvious explanation, anc

(3) Beth disappointed Pam bitterly because she
was so hard hearted at the anniversary party.
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the data for the second probe position weri which participants have to engage occur ir
similar to those for NP1-biasing verbs. Thusthe same modality compared to different mo-
their experiments do not provide convincingdalities. A higher processing load in Garnham e
evidence for the Focusing account. al.’s experiments may have resulted in a gener:

Garnham et al. (1996) employed an all-visuatlecrease in reading performance, thus removin
probe task, and tested before and after the prany early influence of implicit causality infor-
noun and at the end of the sentence. The firatation and weakening its influence at later
three experiments employed two names of thgrobe points.
same gender. These experiments revealed aAnother difference lies at the level of exper-
first-mention advantage at all probe points aniinental design and suggests a possible problel
an effect of congruency. There were no consisith McDonald and MacWhinney’'s (1995)
tent effects of whether the probe referred to thstudy. Most experiments on implicit causality,
antecedent of the pronoun or not (probe referacluding those of Garnham et al. (1996), have
ence). The lack of an immediate effect of probemployed a crossed design that includes bot
reference is some evidence against Focusif¢P1- and NP2-biasing verbs, together with ex:
account (and appears to clash with McDonald &licit causes disambiguated to NP1 or NP2
MacWhinney, 1995), and the finding of a conHence there are two congruent and two incon
gruency effect supports the Integration accoungruent conditions. In contrast, McDonald and
However, the lack of a sentence-final prob&acWhinney’s studies contained only congru-
reference effect may be worrying for this explaent conditions. Au (1986) found that partici-
nation. Garnham et al. argued that the fingdants displayed sensitivity to implicit causality
clause might have activated both the antecedeises when asked to sort verbs into categorie
and the nonantecedent, but it is hard to see whiyparticipants can access this information dur-
no effects of reactivation were detected at anyg processing, then they could use it to predic
point. The results suggest a problem with théhe explicit cause strategically. In response tc
task itself, because congruency indicates th#tis argument, McDonald and MacWhinney
the pronoun must have been resolved, but tfeund no impact of implicit causality informa-
lack of any effect of probe reference suggestson at any probe point in sentences like (4):
that the task is not always sensitive to the es-
tablishment of coreference. We return to this
below.

Garnham et al.’'s (1996) pattern of data isdence, they concluded that anaphor resolutiol
made more complex by their fourth experimentself produced their effects. However, this ar-
which employed gender as well as plausibilitgument is weak, because (4) does not contai
to disambiguate sentences. It showed nihe connectivebecausewhich Ehrlich (1980)
straightforward effect of congruency, but diddemonstrated was needed for implicit causalit
show an advantage for the pronoun’s refereninformation to affect processing.

However, this advantage might have been due There are, however, more general concern
to gender match between the pronoun and thweth the probe task. People do not, of course
probe word rather than reactivation of the anteaormally perform this kind of secondary task
cedent. Overall, Garnham et al.’'s data providduring reading, and the appropriate respons
no support for the Focusing account. They arstrategy (remembering the form of the sentence
more consistent with the Integration accounis not part of normal processing. Indeed, som
though there may be alternative explanations @vidence suggests that the level of informatior
some aspects of their data. accessed by the task may not reflect that used

Let us consider why McDonald and Mac-comprehension (Cloitre & Bever, 1988; Garrod,
Whinney (1995) and Garnham et al. (1996Freudenthal, & Boyle, 1994; Gordon & Hen-
came to such different conclusions. First, prodrick, 1998). Additionally, it may not be partic-
cessing might be more difficult when the tasksilarly sensitive to the time course of processing

(4) John amazed BIll time after time at the
juggling competition.
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TABLE 1

Example ltems Used in Experiments 1-3

Anaphor Implicit cause Congruency Example
Name NP1 Congruent Daniel apologised to Arnold (profusely) because Daniel had be
behaving selfishly.
Incongruent Daniel apologised to Arnold (profusely) because Arnold didn’t
deserve the criticism.
NP2 Congruent Jean congratulated Rita (vigorously) because Rita had won the
championship.
Incongruent Jean congratulated Rita (vigorously) because Jean was very
impressed.
Pronoun NP1 Congruent Daniel apologised to Arnold (profusely) because he had been
behaving selfishly.
Incongruent Daniel apologised to Arnold (profusely) because he didn’t
deserve the criticism.
NP2 Congruent Jean congratulated Rita (vigorously) because she had won the
championship.
Incongruent Jean congratulated Rita (vigorously) because she was very
impressed.

Note. The NP1-biasing conditions make up one item, and the NP2-biasing conditions make up another item.
parenthesized material occurred in Experiment 2.

as Garnham et al.’s results suggest. For exanm agreement, a sentence was congruent; if no
ple, Greene, McKoon, and Ratcliff (1992)it was incongruent. Finally, the anaphor could
found no facilitation of antecedents immedibe a name (e.gDaniel) or a pronoun (e.ghe).
ately after a pronoun using the probe task, buthe names were unambiguous, whereas the pr
eye-tracking studies have found that pronounsouns were ambiguous, as both names were
can be interpreted immediately (e.g., Garrod ¢he same gendehé could in principle refer to
al., 1994). Likewise, Millis and Just (1994) usedaniel or Arnold). Experiments 1-3 used this
probe-task data to argue that integration of twoontrast, whereas Experiment 4 contrasted ur
clauses is delayed until the second one has beambiguous with ambiguous pronouns.
fully read. But Traxler, Bybee, and Pickering Full noun phrases or (proper) names can b
(1997) found eye-tracking evidence that inteused to refer to antecedents that are no longer |
gration occurred incrementally during the secfocus and indeed are often used for that pur
ond clause. Hence reading-time measures mapse. Names can also be used to serve adc
be more appropriate than the probe task fdronal discourse functions, such as signaling
examining the time course of comprehensiorchange in the theme in a text (Marslen-Wilson
These points raise major worries over the relikevy, & Tyler, 1982; Vonk, Hustinx, & Si-
ability of the data on which evidence for themons, 1992). In contrast, pronouns preferen
Focusing and Integration accounts has bedially refer to antecedents thate focused (Gor-
based. don, Grosz, & Gilliom, 1993; Gordon &
We therefore employed self-paced reading tblendrick, 1998; Hudson, Tanenhaus, & Dell,
test among the Focusing, Integration, and986; Sanford, Moar, & Garrod, 1988). Hence
Mixed accounts in the experiments reported bgronouns are more sensitive indicators of state
low. Let us outline our approach using examef focus than name or full noun phrase ana
ples from Experiment 1 (see Table 1). We maphors. For instance, Hudson et al. showed the
nipulated information about the implicit causepronominal references were processed mor
(verb bias) and information about the expliciteadily when made to focused (centered in the
cause. If implicit cause and explicit cause wergerms of Grosz, Joshi, & Weinstein, 1983) thar
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to nonfocused characters. In contrast, whetegration effects should be influenced by deptl
proper names were used as anaphors, this paf-processing, whereas focus effects should no
tern did not occur, and there was some evidende Experiment 4, we employed ambiguous anc
for a reversal of the effect. Likewise, Sanford etinambiguous pronouns. If the congruency ef
al. found that anaphors which referred to highlyect resulted entirely from focus, then there
focused proper names (likdohn) were pro- should be a larger congruency effect for ambig:
cessed more quickly than those which referredous than unambiguous pronouns.
to somewhat less focused full noun phrases (like
the secretary, provided the anaphor was a pro- EXPERIMENT 1
noun. But if a repeated name or repeated full
noun phrase was used, no difference was founifl€thod
(It is also worth noting that the most versions of Participants. Thirty-two English-speaking
the probe task use proper names as probgmrticipants from the student population at the
which might therefore not be sensitive to dif-University of Glasgow took part.
ferences in focus; this is another concern with Stimuli. Participants were presented with 48
the probe task.) items (see Table 1 and Appendix A). These
Hence the Focusing model predicts the cawere constructed on the basis of verb bias an
sality congruency effect with pronouns but noplausibility pretests reported below. The stimuli
with names. In other words, it predicts an interwere based on 24 verbs, 12 of which were
action between congruency and anaphor typBlP1-biasing and 12 NP2-biasing. There were
In contrast, no such difference is predicted bjour versions of each item, defined by the com-
the Integration account. As the mixed modebination of two factors: Anaphor (pronoun vs.
allows for an influence of implicit causality repeated name) and Congruency (congruent v
during both the stages of focusing and integrancongruent). A third factor, Implicit Cause
tion, it predicts a congruency effect for both(NP1- vs. NP2-biasing verb), was manipulatec
types of anaphor, but a reduced effect whebetween items. All items consisted of a main
repeated names are used. clause and a subordinate clause connected |
The models make the same predictions fdsecauseThe main clause contained two proper
another reason as well. Because the pronounames of the same gender which served &
were ambiguous, the Focusing account predicssibject and direct object of an active transitive
that the processor should determine the antecegahst-tense verb. The subordinate clause beg:
ent of the ambiguous pronoun on the basis afith a pronoun or a repeated name subject an
the implicit causality bias of the verb. If thisa predicate. Items were matched for lengtt
assignment ran counter to the explicit causacross conditions.
(i.e., the sentence was incongruent), then Focus-To produce six data points per condition,
ing predicts that readers should experience dieach verb was used twice. Thus for NP1-biasin
ficulty with sentences containing ambiguouserbs, the 12 verbs were divided into four sets
pronouns. In contrast, difficulty should notof 3. (Exactly the same held for NP2-biasing
emerge in sentences containing unambiguowgrbs.) A group of 3 verbs was allocated to eacl
repeated names. of the four conditions to create a single list. By
Experiment 1 used whole-sentence presentestating the allocations, four files were created
tion. Experiment 2 addressed the same questissych that each verb appeared in each of th
but used materials that were more similar teonditions over the experiment. Within a given
those employed by McDonald and MacWhindist, if a verb appeared in the pronoun-congruen
ney (1995) and presented sentences in twaondition, then it was later presented in the
parts. In Experiment 3, we manipulated th@ame-incongruent condition and vice versa; if it
depth of processing used by participants, bgppeared in the pronoun-incongruent condition
varying the type of question participants weréhen it was later presented in the name-congru
required to answer. Our argument was that irent condition and vice versa. Thus a single
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complete list had each verb appearing twice, bits influence as much as we could. In any case
in different conditions. When a verb was used a very likely explanation for the small plausi-
second time, a different item was generated fdrility difference between conditions is that it
that verb by changing the names, so that theally reflects the difficulty that people have
only overlap between the two items using antegrating incongruent sentences, even whe
particular verb was the verb and the wdrd- the situation they describe is highly plausible,
cause.This procedure led to 48 items. The firstompared with the ease of integrating congruer
occurrence of each verb was in the first half ofentences.
the experiment, and the second occurrence in The participants also rated an “incorrect” ver-
the second half. sion of the item with the other name repeatec
Versions of a comprehension question werge.g.,Daniel apologised to Arnold because Ar-
included with each item (e.g\Who had been nold had been behaving selfishlyThis was
behaving selfishly?and required participants tointended to be implausible, but it is possible tha
press one of two buttons corresponding to theifferences in the degree of implausibility of the
names. This question always made reference &dternative analysis might affect processing dif-
the subordinate clause and required resolutiditulty. On this analysis, all conditions were
of the pronoun in the pronoun conditions. rated highly implausible: The congruent condi-
Verb-bias pretestTo make sure that our tions for the NP1- and NP2-biased verbs hac
verbs were strongly biased, we conducted mean ratings of 2.1 and 2.2; the incongruen
sentence-completion pretest. Twenty-four fureonditions had mean ratings of 1.5 and 1.8.
ther participants completed sentence fragmentsProcedure. Participants were randomly as-
like John blamed Bill because ., where the signed to one of the four lists. Each list was
verb was one of 50 taken from the literature opresented along with 96 filler sentences of var
implicit causality and the two noun phrasesous types (similar in form to the experimental
were proper names. Continuations were scoregntences), plus associated questions, in an i
on the basis of whether the first word followingdividually randomized order.
the connective referred to NP1, NP2, or neither. The experiment was run on an Apple Macin-
All our verbs were strongly biased (see Appentosh computer using the PsyScope experiment:
dix B). software (Cohen, MacWhinney, Flatt, & Pro-
Plausibility pretest.We tried to equate the vost, 1993). A button box was connected to the
plausibilities of the two versions of each item agomputer which recorded participants’ re-
far as possible. Implausible sentences, in gesponses with millisecond accuracy. A fixation
eral, take longer to read than plausible sentencpeint appeared on the left-hand side of the
(e.g., Garrod et al.,, 1994; Murray & Rowan,screen. Participants were first provided with
1998; Traxler & Pickering, 1996). Twenty-fourboth verbal and written instructions and 10
participants rated the 48 items for plausibilitypractice trials. They pressed a button on the
on a scale from 0 (very implausible) to 7 (verybutton box to remove the fixation point and
plausible); see Appendix B. For each item, thepresent the sentence. A second press remov:
rated the repeated name version of each itethe sentence and presented a comprehensi
(e.g., Daniel apologised to Arnold becausequestion. The two halves of the experimen
Daniel had been behaving selfishill condi- were divided by an enforced break of at leas
tions were rated highly plausible: The congru30 s. The experiment lasted roughly 35 min.
ent conditions for the NP1- and NP2-biased
verbs had mean ratings of 6.5 and 6.5, respegesults
tively; the incongruent conditions had mean rat- Sentence reading timeReading times that
ings of 6.0 and 6.0. This difference is verywere below 500 ms or above 25 s were remove
small, but a plausibility difference does exist(based on clear discontinuities in the data). Thi:
Although we cannot completely rule out theaccounted for 1.3% of the data. Outliers, de:
influence of plausibility, we attempted to reducdined as times falling more than 23D from the
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TABLE 2 able by participantsK1(1,31) = 5.87,p <
Experiment 1 Reading Times in Miliseconds for Sen-09; F2 = 2.64,p < .12).
tences and Questions (with Response Accuracy ExpressedThe analyses also revealed main effects c
as Percentage Correct) Implicit Cause, with sentences containing NP2
biasing verbs (4441 ms) being read faster tha
those containing NP1-biasing verbs (4941 ms
(F1(1,31) = 19.01, p < .0001, MSe =
Name NP1 Congruent 4702 1673 (98.9)841,524;F2(1,46) = 17.68, p < .0001,
Incongruent 4701  1775(93.6) MSe = 692,576) and ofAnaphor, with sen-
NP2 Congruent ~ 3946  1677(98.4) tences containing a repeated name anaph
Incongruent 4654 1732 (96.3) (4501 ms) being read more quickly than those
Pronoun NP1  Congruent 4760 1902 (87.4) L
Incongruent 5601 2317 (74.3) containing a pronoun (4881 mslF{(1,31) =
NP2 Congruent 4327 1748 (97.4) 10.59, p < .005, MSe = 874,191;
Incongruent 4837 2066 (91.1) F2(1,46) = 6.07, p < .05, MSe =

1,052,406). Theonly other effect that ap-
proached significance was a marginal three

mean for each participant, were then replacegay interaction of Anaphor, Implicit Cause, and
’ . ~Congruency, significant only by participant
by the cutoff value for that participant. This gruency, signi y Dy participants

°(F1(1,31) = 5.51, p < .05, MSe =
accounted for 2.5'% of the data. For the questi 86,187,F2(1,46)= 2.56,p < .12, MSe=
response data, times below 500 ms or abo

) ,255,386).
25 s were removed. This accounted for 1.3% o

) Question response daté/e conducted three-
the data. Outliers accounted for 2.9% of th?vay ANOVAS on question response times anc
data.

) ) accuracy. A full report is omitted for reasons of
Table 2 presents the mean reading times ang ;-6 The most important finding was a mair
question response times for the different expefiact of congruency on both measures, witt

imental conditions. We conducted 2 Anaphogestions about congruent sentences being a
(pronoun vs. repeated name)2 Implicit Cause  gyered faster and more accurately than que:
(NP1- vs. NP2-biasing verbx 2 Congruency tions about incongruent sentences. The effec
(congruent vs. incongruent) ANOVAs, treatingyere more pronounced for the pronouns thai

participants £1) and items K2) as random for the repeated names.
factors.

These analyses revealed a main effect d&iscussion

Congruency, with congruent sentences (4434 The causality congruency effect emergec
ms) being read faster than incongruent onegrongly in the sentence reading time data. Th
(4948 ms) F1(1,31) = 51.05,p < .0001, effect was numerically smaller in the repeatec
MSe = 331,936;F2(1,46) = 27.75,p < name than in the pronoun conditions, but this
.0001,MSe = 486,021).However, there was difference was not reliable. The results offers nc
no reliable interaction between Anaphor andupport for the Focusing account, which pre-
Congruency £1(1,31) = 2.448,p > .1, dicted an elimination of the congruency effect.
MSe= 679,917,;F2 < 1.1),though there was Instead, these results are consistent with im
a trend toward the effect being smaller in thelicit causality exerting its influence during in-
case of the repeated name anaphors (354 mepration, in the same manner for pronouns an
than it was in the pronoun case (675 ms). Testepeated names. However, the numerical tren
of simple effects demonstrated a reliable effedé compatible with focus exerting some influ-
of Congruency for the pronoun conditionsence (i.e., the Mixed account). Our claim at this
(F1(1,31)= 21.50,p < .0001;F2(1,46)= stage is that an important part of the congruenc
9.29,p < .005) and areffect of Congruency effect is mediated by integration. The congru-
for the repeated name conditions that was relency effect in the question response data suc

Implicit Question
Anaphor cause Congruency Sentence (%)
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gests that readers constructed a more staldtherwise identical to those in Experiment 1
representation when the implicit and explicifsee Table 1).

causes were congruent than when they were A possible concern with Experiment 1 was
incongruent and is in accordance with manshe use of the whole-sentence presentatio
previous studies. The stronger effect in the pronethod. Although it has the advantage of natu
noun conditions may reflect the fact that readersiness, it may be insensitive, and it does no
need not have paid attention to the main clausslow us to localize effects. In Experiment 2, we
in the repeated name conditions. This may aldgtierefore presented the sentences in two part
explain why the sentences were read faster the first up to and including the pronoun or

the repeated name conditions. repeated name subject of the subordinate clau:
and the second containing the rest of the ser
EXPERIMENT 2 tence.

, . . ; Our main interest is in the reading time to the
Experiment 1 provides some evidence f0Lqqqnqg fragment. According to the Integration

integration but no clear evidence for focusm%ccount a similar congruency effect shoulc
(though it is possible that this is due to insufﬁ—emerge in both the pronoun and repeated nam
cient power). This runs counter to the conclu

. conditions. According to the Focusing account
sions of Greene and McKoon (1995) and Mcqngryency should emerge with pronoun ana
Donald and MacWhinney (1995). Howeverghars byt not with repeated names. Because ¢
apart from the tasks involved, McDonald angpe aqgditional phrase and the presentation prc
MacWhinney’s experiments differed in one im-eqyre, a lack of interaction between pronour
portant way from ours: They employed an adang repeated name conditions would provide

ditional phrase at the end of the main clausgtrong evidence in favor of the Integration ac-
prior to the connectivebecause.Greene and qynt.

phrase which followed the connectibecause. pe of interest. Repeated name conditions ar

It is not immediately clear why this phrasegisambiguated by the repeated name, which o«
should have an effect. First, Garnham et abyrs in the first fragment. The Focusing accoun
(1996) used similar phrases and found no evinight therefore predict an effect of congruency
dence of focusing. Second, in McDonald angn reading time to the first fragment in the
MacWhinney’s (1995) experiments the phrasgepeated name conditions. However, a probler
comes before the connective. As Ehrlich (1980} that repeated names are not normally used 1
and McDonald and MacWhinney showed, imrefer to a focused antecedent, as discusse
plicit causality effects do not appear to occur imbove. If so, the most natural prediction of the
the absence of the connectibecauself it is  Focusing account would be that the repeate

simply a question of the phrase giving the proname would have no effect.
cessor more time to begin focusing, then it

appears that the phrase comes too early {#ethod

would need to appear betwebacauseand the  Participants.We employed 32 further partic-
anaphor). However, it is possible that the crititpants.

cal property of the additional phrase is not to Stimuli. We constructed 48 items, by adding
introduce more time. Instead, it may cause than additional phrase into the items from Exper-
processor to focus on the appropriate referephent 1 (see Table 1 and Appendix A). The
for reasons associated with the attributions thalverage length of these phrases was 1.38 wori
a reader might make on the basis of the addand 9.42 letters, compared with the phrases use
tional information provided by the phrase (e.g.in the McDonald and MacWhinney study (1.91
Rudolph & Forsterling, 1997). We thereforewords and 9.72 letters, though their sentence
conducted an experiment using an additionalere spoken). There were four versions of eac
phrase before the connective. The items weitem, defined by the combination of two factors:
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TABLE 3

Experiment 2 Reading Times in Milliseconds for Sentence Fragments and Questions
(with Response Accuracy Expressed as Percentage Correct)

Anaphor Implicit cause Congruency Fragment 1 Fragment 2 Question (9
Name NP1 Congruent 3711 1555 2026 (91.0)
Incongruent 3396 1633 2009 (92.1)
NP2 Congruent 3287 1620 1889 (95.8)
Incongruent 3550 1696 2011 (93.8)
Pronoun NP1 Congruent 3183 1825 2666 (75.6)
Incongruent 3354 1991 3132 (51.1)
NP2 Congruent 3201 1803 2460 (80.6)
Incongruent 3457 1931 2740 (78.6)

Anaphor (pronoun vs. repeated name) and Cop- < .005, MSe = 238,051; F2(1,46) =
gruency (congruent vs. incongruent). A thirdd.74,p < .05, MSe = 351,983),with frag-
factor, Implicit Cause (NP1- vs. NP2-biasingments containing pronouns being read mor
verb) was manipulated between items. quickly (3299 ms) than those containing re-

Procedure.The procedure was the same apeated names (3486 ms), and an interactio
that of Experiment 1, except that the sentencdmtween Implicit Cause and Congruency, sig
were presented as two fragments, with the spilitificant only by participants F1(1,31) =
occurring immediately after the pronoun or re6.39, p < .05, MSe = 274,850;F2 < 2).
peated name. Pressing the button revealed tBecause all four conditions containing pro-
first fragment; pressing it again removed th@ouns were identical, a more valid comparisor
first fragment and replaced it with the secondonsiders only the repeated name level of thi
fragment. Anaphor factor. Two-way ANOVAs revealed

. ) an interaction of Implicit Cause and Congru-
Results and Discussion ency that was marginal by item&1(1,31) =

For the first fragment, we removed 1.2% 08,81,p < .01,MSe= 302,489;F2(1,46)=
the data (times below 300 ms or above 16 s§.28,p < .08, MSe= 561,425) and ndint
We then removed outliers, accounting for 2.19%f any main effects (alFs < 1.1). This inter-
of the data. For the second fragment, we reaction suggests that fragments containing
moved 1.4% of the data (times below 300 ms aname that repeated NP2 (3342 ms) were rea
above 11 s) and 2.8% of the data (outliers). Fdaster than fragments containing a name thz
the question response time, we removed 0.5%peated NP1 (3631 ms). Note, however, th
of the data (times below 300 ms or above 13 dqck of any effect of implicit causality on this
and 3.3% of the data (outliers). fragment.

Table 3 presents the mean reading times and Second fragment reading timeEhere was a
question response times for the different expemain effect of CongruencyH1(1,31)= 7.09,
imental conditions. We conducted 2 Anaphop < .05, MSe= 113,487;F2(1,46)= 4.87,
(pronoun vs. repeated name)2 Implicit Cause p < .05, MSe = 111,975),with congruent
(NP1- vs. NP2-biasing verbX 2 Congruency fragments (1701 ms) being read faster than in
(congruent vs. incongruent) ANOVAs. Ana-congruent fragments (1813 ms). As in Experi-
phor and Congruency were within-participantsnent 1, there was no significant interaction be
and within-items factors; Implicit Cause wastween Anaphor and Congruency (bdih < 1),
within-participants but between-items. but the congruency effect was numerically

First fragment reading times'hese revealed smaller for the repeated name anaphors (77 m
a main effect of AnaphorK1(1,31) = 9.42, than the pronouns (147 ms). Although unreli-
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able, this effect is in the same direction as thatame. The following experiments help us dis-
obtained in Experiment 1. Tests of simple eftinguish these possibilities. Note that there wa
fects demonstrated a reliable effect of Congruao effect of congruency on the first fragment. In
ency for the pronoun conditiond={1(1,31) = other words, readers did not notice any conflic
6.43,p < .05; F2(1,46) = 6.00,p < .05) between having an NP1-biasing verb and e
but not for the repeated name conditioneame repeating NP2 or vice versa.
(F1(1,31)=1.76,p< .20;F2=1.61,p <
.22). These results are consistent with an ac- EXPERIMENT 3
count that ascribes congruency to integration, The questions that participants were require
though the numerical effect suggests that wi answer in Experiments 1 and 2 related to the
cannot rule out a minor role of focus. interpretation of the anaphor. Thus, in the pro-
Analyses also revealed a main effect of Ananoun conditions, a question could be succes:s
phor F1(1,31)= 19.99,p < .0001,MSe= fully answered only if participants had appro-
218,452; F2(1,46) = 25.76, p < .0001, priately integrated the information between the
MSe = 128,775),with sentences containingclauses. Also, because each sentence was ft
repeated names (1626 ms) being read faster thiawed by a question, readers would be awar
sentences containing pronouns (1888 ms). that deep processing would be necessary for &
Question response datdhe most important sentences. In Experiment 3, we contrasted cor
finding was an effect of congruency on botltditions using deep-processingjuestions with
response time and accuracy measures. This ebnditions usingshallow-processingjuestions
fect emerged in the pronoun conditions but natuch adid Daniel apologise to ArnoldWhich
the repeated name conditions. can be answered without integrating the inter
pretations of the clauses. Additionally, the con-
ditions using shallow-processing questions em
Essentially, the study replicated Experimenployed questions on only one third of trials, and
1. There was an effect of congruency and ndifferent groups of participants were exposed tc
reliable interaction between anaphor type anthe different question types. Hence, the partici
congruency in the critical fragment. Howeverpants in the shallow-processing conditions
the effect was numerically larger for the prowould not be encouraged to conduct extensivi
noun anaphors in Experiment 2, just as in Exintegrative processing (though they would still
periment 1. This evidence suggests that integrhave to pay some attention to the sentences).
tion is an important factor in the congruency By manipulating type of question, we sought
effect, but does not rule out an influence ofo manipulate participants’ depth of processing
focusing. If the Integration or Mixed account is correct,
The data from the first fragment warranthe degree to which participants engage in inte
some discussion. In particular, participants agrative processing should affect the magnitud
peared to spend longer reading a repetition @ff the congruency effect. The less integrative
the first mentioned character's name than thgrocessing carried out, the weaker should be th
second mentioned character's name. This canfluence of any factor that is brought into play
be interpreted as a repeated name penalty, @sring this processing. Thus these accounts pre
proposed within Centering Theory (Gordon etlict that the type-of-question manipulation
al., 1993). On this account, the first mentionetould affect the magnitude of the congruency
character is focused (probably because it isffect: A larger effect is predicted in the deep-
mentioned first: Gernsbacher, 1989; Gerngrocessing than the shallow-processing condi
bacher & Hargreaves, 1988), and the processtions. In contrast, the Focusing account does nc
has difficulty referring to the focused charactepredict that depth of processing will affect the
with a repeated name. However, an alternativeongruency effect. Because focus within the
explanation is that the effect is due to lexicateader’'s discourse model changes continuous
priming from the second mentioned character'as a text is being read, a measure that require

Discussion
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TABLE 4

Experiment 3 Reading Times in Milliseconds for Sentence Fragments

Question type Anaphor Implicit cause Congruency Fragment 1 Fragment
Shallow Name NP1 Congruent 2366 1624
Incongruent 2069 1668
NP2 Congruent 2012 1562
Incongruent 2273 1621
Pronoun NP1 Congruent 2041 1617
Incongruent 2117 1910
NP2 Congruent 2032 1594
Incongruent 2028 1618
Deep Name NP1 Congruent 3086 2078
Incongruent 2793 2299
NP2 Congruent 2648 1915
Incongruent 2976 2418
Pronoun NP1 Congruent 2799 2238
Incongruent 2713 2794
NP2 Congruent 2639 2375
Incongruent 2714 2386

inspection of the discourse model at a later poingresented as two fragments, with the split oc
should not be influenced by temporary focusingurring immediately after the anaphdrin (6)
and refocusing that may occur during the readxbove], as in Experiment 2. The filler and prac-

ing of a sentence. tice sentences in the lists that contained th
deep-processing questions had the same que

Method tions as in Experiment 1; the filler and practice
Participants.We employed 64 further partic- sentences on the Iist; that contained_ the sh'a
ipants. low-processing questions were associated wit

Stimuli. The same 48 items as Experiment fluestions on one third of the trials. In other
were used (see Table 1). Each item was pairé@spec_:ts, the procedure was identical to that c
with a deep-processing question, which was thfexPeriment 1.
same as Experiment 1. One third of the item
were paired with a shallow-processing questio
(see Appendix A). For exampldarry fasci- For the first fragment, we removed 1.6% of
nated Derek because he performed magic trickke data (times below 200 ms or above 17 s)
was followed by the deep-processing questionye then removed outliers, accounting for 5.9%
Who performed magic tricks@r the shallow- of the data. For the second fragment, we re
processing questiorDid Barry fascinate De- moved 0.8% of the data (times below 200 ms o
rek?. As in Experiment 1, the factors of Ana-above 15 s) and 5.6% of the data (outliers). Fo
phor (pronoun vs. repeated name) anthe question response time, we removed 3.3¢
Congruency (congruent vs. incongruent) weref the data (outliers).
manipulated within items, and Implicit Cause Table 4 presents the mean reading times fc
(NP1- vs. NP2-biasing verb) was manipulatethe different experimental conditions. We con-
between items. Additionally, a fourth factor,ducted 2 Anaphor (pronoun vs. repeatec
Type of Question (deep vs. shallow processing)ame)X 2 Implicit Cause (NP1- vs. NP2-bias-
was manipulated between participants. ing verb) X 2 Congruency (congruent vs. in-

Procedure. Participants were randomly as-congruent) X 2 Type of Question (deep vs.
signed to one of eight lists. Each sentence wahallow processing) ANOVAs. Anaphor, Im-

E&esults and Discussion
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plicit Cause, and Congruency were within-par41.80, p < .001, MSe = 140,356;
ticipants; Type of Question was between-partid=2(1,46) = 18.98, p < .0001, MSe =
ipants. Anaphor, Congruency, and Type 0237,060),which was modified by an interac-
Question were within-items; Implicit Cause wagion of Congruency and Type of Question
between-items. (F1(1,62) = 10.83, p < .005, MSe =
First fragment reading times.Four-way 140,356;F2(1,92)= 5.64,p < .05,MSe=
ANOVAs revealed a main effect of Type 0f201,034). As predicted by the Integration
Question F1(1,62) = 8.46, p < .005, model, the congruency effect was weaker fo
MSe= 6,978,596;F2(1,46)= 300.83,p < second fragments in the conditions where par
.0001, MSe = 147,374), with participants ticipants had to respond to a shallow-processin
taking longer to read this fragment in the deepquestion (105 ms) than in the conditions where
processing conditions (2796 ms) than the shaparticipants had to respond to a deep-processir
low-processing conditions (2117 ms), and guestion (323 ms). The congruency effect ir
marginal effect of Anaphor1(1,60)= 5.43, both conditions was significant, however [shal-
p < .05,MSe= 479,597;F2(1,46)= 3.22, low processingF1(1,31) = 5.49,p < .05,
p <.08,MSe= 1,844,973)which suggested MSe= 128,735;F2(1,46)= 7.70,p < .01,
that participants took longer to read fragment®Se= 72,452;deep processing:1(1,31)=
containing repeated names (2528 ms) than frag3.95, p < .0001; MSe = 151,977;
ments containing pronouns (2385 ms). There2(1,46) = 13.88, p < .0005, MSe =
was also an interaction of Implicit Cause an®65,643]. There was no interaction between
Congruency F1(1,62) = 24.38,p < .0001, Congruency and Anaphor (boths < 1). The
MSe= 129,835;F2(1,46)= 8.30,p < .01, congruency effect was 207 ms for the name
MSe = 291,104) and amarginal three-way conditions and 221 ms for the pronoun condi-
interaction of Implicit Cause, Congruency, andions. Tests of simple effects demonstrated the
Anaphor F1(1,62) = 10.01, p < .005, both of these were significant (gls < 0.01).
MSe= 241,132;F2(1,46)= 3.52,p < .07, The analyses also revealed an effect of Typ
MSe = 506,943). of Question F1(1,62)= 13.94,p < .0005,
As the conditions containing pronouns reMSe= 4,016,906;F2(1,46)= 355.25,p <
mained ambiguous for the first fragment, we0001, MSe = 118,306),with fragments in
conducted analyses on the repeated name levie¢ shallow-processing conditions (1652 ms
of the Anaphor factor alone. These revealed leing read faster than those in the deep-proces
main effect of Type of Question (deep processng conditions (2313 ms). There were also ar
ing: 2876 ms; shallow processing: 2180 msgffect of Anaphor F1(1,62) = 17.30,p <
(F1(1,62) = 9.20, p < .005, MSe = .0001,MSe= 209,871;F2(1,46)= 13.64,
3,367,379;F2(1,46)= 189.16,p < .0001, p < .001,MSe= 201,379),with fragments
MSe= 122,915) and amteraction of Implicit following pronouns (2067 ms) being read more
Cause and Congruency1(1,62) = 29.48, quickly than fragments following repeated
p < .0001, MSe = 188,404;F2(1,46) = names (1898 ms), and an interaction of Anapho
9.96,p < .005,MSe= 419,375):Fragments and Type of QuestionH1(1,60)= 6.41,p <
containing a name that repeated NP2 (2381 m€)5, MSe= 209,871;F2(1,46)= 7.09,p <
were read faster than fragments containing &5, MSe = 134,577), suggesting that this
name that repeated NP1 (2675 ms). Note, howvas largely restricted to the deep-processin
ever, the lack of any effect of implicit causalityconditions. There was also an interaction o
on this fragment (botlrs < 1). These results Anaphor, Implicit Cause, and Congruency
are therefore similar to those found in Experi{F1(1,60) = 15.73, p < .0005, MSe =
ment 2. 156,592;F2(1,46)= 6.69,p < .05,MSe=
Second fragment reading timekhere was a 269,352), suggesting that following a name
main effect of Congruency (congruent: 187%eferring to either the first or second mentionec
ms; incongruent: 2089 ms)F(Q(1,62) = character, integration is equivalently fast; but
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following a pronoun, integration is faster fol-tions comes from reading-time experiments
lowing reference to the first mentioned charadGarnham, Oakhill, & Cruttenden, 1992; Gar-
ter than reference to the second. We did nobd et al.,, 1994) and cross-modal priming
analyze participants’ responses to the questiofilarslen-Wilson, Tyler, & Koster, 1993). Some
as those presented to one group of participanpsobe task experiments do not support this find
were very different from those presented to thang (e.g., Greene et al., 1992; MacDonald &
other group (and occurred only on a third of théacWhinney, 1990; Stevenson & Vitkovitch,
trials). 1986), but this discrepancy is probably relatec
Experiment 3 replicated the pattern of resultt the nature of the task employed. In any case
found in Experiments 1 and 2. Importantlythe evidence suggests that gender informatio
there was no interaction of Anaphor and Conean be used immediately in the task employe
gruency (bothFs < 1). In fact, the congruency here: Garnham et al. (1992) showed that whe
effect was almost identical with pronouns andhe experimental task demands immediate re:
repeated names. In accord with the Integratioolution of a pronoun, gender information does
account, but not the Focusing or Mixed modeldiave a quick influence. In Experiment 4 every
the second fragment data indicate that a simil@entence was followed by a deep-processin
congruency effect occurred whether the suboguestion, which required pronoun resolution,
dinate clause contained an ambiguous pronoamd hence gender information should be use
or a repeated name. The data from the firsthmediately.
fragment provide further support for this ac- Experiment 4 used sentences like those i
count. Additionally, the congruency effeatas Table 5. Since pronouns prefer focused antece
affected by the type of question asked, with &nts, the Focusing account predicts that pro
more substantial effect occurring when particinouns should be easier to process if they refer t
pants were asked deep-processing questions #fe focused noun phrase. Thus, afi@aniel
ter every sentence than when they were askegologised to Joanne because.he, the pro-
shallow-processing questions after one third afounherefers to Daniel, who should be focused
sentences. These findings accord with the Intey the implicit-causality information associated
gration account but run contrary to the predicwith the NP1-biasing verbpologisedBut after
tions of the Focusing account. Joanne apologised to Arnold because.he,
the pronourherefers to Arnold, who should be
EXPERIMENT 4 out of focus. Hence, the Focusing accoun
So far we have contrasted ambiguous pranakes the prediction that there will be difficulty
nouns with unambiguous repeated namesith the first fragment if verb bias and gender
Hence there are two differences between thaformation conflict (assuming pronouns are re-
pronoun and repeated name conditions: amtsolved immediately). There might be some
guity and type of anaphor. Experiment 4, if‘'spillover” to the second fragment, but the dif-
contrast, looked at the effects of ambiguityficulty should occur mainly on the first frag-
alone by contrasting ambiguous pronouns witment.
pronouns disambiguated by gender. More crucially, the Focusing account also
The Focusing, Mixed model, and Integratiormakes a prediction for the second fragmen
accounts make different predictions as to howimilar to that made in Experiments 2 and 3:
gender information might interact with implicit The congruency effect ought to occur in sen:
causality information. The critical point is thattences that contain ambiguous pronouns, but n
gender can be used to provide immediate diga sentences that contain unambiguous prc
ambiguation of the antecedent of the pronoumouns. AfterDaniel apologised to Arnold be-
The following argument relies on the assumpeause he. ., readers should employ verb bias
tion that pronoun resolution can occur immedito initially interprethe as referring to Daniel. If
ately and that gender information can be usetthe sentence continuésd been behavingelf-
immediately. Good evidence for these assumiishly, this interpretation of the pronoun is felic-
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TABLE 5

Example Materials Used in Experiment 4

Implicit
Pronoun cause Congruency Example

Ambiguous NP1 Congruent Daniel apologised to Arnold because he had been behaving selfis
Incongruent Daniel apologised to Arnold because he didn't deserve the criticisn
NP2 Congruent Jean congratulated Rita because she had won the championship.

Incongruent Jean congratulated Rita because she was very impressed.
Unambiguous NP1 Congruent Daniel apologised to Joanne because he had been behaving self
Incongruent Joanne apologised to Arnold because he didn't deserve the criticis
NP2 Congruent John congratulated Rita because she had won the championship.

Incongruent Jean congratulated John because she was very impressed.

itous. But if the sentence continuégn’t de- tion account predicts no effects of congruency
serve the criticismit turns out that the pronoun on this fragment.
felicitously refers to Arnold. Hence, readers
would then have to perform costly reanalysié\”ethOd
during this second fragment. Because the ef- Participants.We employed 32 further partic-
fects with the unambiguous pronouns shoulipants.
mainly be confined to the first fragment, the Stimuli.The 48 sets of items were the same a
effects should be larger for the ambiguous thatmose in Experiment 1, except that one name i
the unambiguous pronouns in the second fraghe main clause was replaced by a name of th
ment. opposite gender, and the repeated names we

In contrast, the Integration account does natplaced by unambiguous pronouns (see Tab
predict any difference in the magnitude of thés and Appendix A). There were four versions of
congruency effect as a function of the informaeach item, defined by the combination of two
tiveness of gender information. Under the Intefactors: Pronoun (unambiguous vs. ambiguou
gration account, the congruency effect arisgsronoun) and Congruency (congruent vs. incon
only during integration and is separate from angruent). A third factor, Implicit Cause (NP1- vs.
aspect of processing associated with focusingP2-biasing verb) was manipulated betweel
on the appropriate referent. Hence its main prétems.
diction is a congruency effect on the second Procedure.The procedure was identical to
fragment that is unaffected by whether the prathat of Experiment 2.
noun is ambiguous. _ ]

With respect to the first fragment, the Inte-R€Sults and Discussion
gration account makes one of two predictions. For the first fragment, we removed 2.0% of
Recall that repeated name in Experiments 2 anbe data (times below 300 ms or above 15 s)
3 was read faster if it corresponded to NP2 thawe then removed outliers, accounting for 3.1%
NP1. If this is due to a first mention effect, withof the data. For the second fragment, we re
a preference for a name to refer to an unfocusedoved 2.6% of the data (outliers). For the ques
antecedent, then the fact that pronouns prefdion response time, we removed 1.2% of the
entially refer to a focused antecedent mightiata (times below 300 ms or above 15 s) an
predict that a fragment containing an unambig2.7% of the data (outliers).
uous pronoun would be read faster if it referred Table 6 presents the mean reading times an
to NP1 than NP2. But if the effect is due toquestion response times for the different exper
lexical priming, then no effects are predictedimental conditions. We conducted 2 Pronour
The critical point, however, is that the Integra{ambiguous vs. unambiguous pronou® Im-
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TABLE 6

Experiment 4 Reading Times in Milliseconds for Sentence Fragments and Questions
(with Response Accuracy Expressed as Percentage Correct)

Pronoun Implicit cause Congruency Fragment 1 Fragment 2 Question (¢
Ambiguous NP1 Congruent 2379 1983 2312 (87.1)
Incongruent 2157 2234 2813 (85.3)
NP2 Congruent 2058 1919 2091 (93.6)
Incongruent 2235 1893 2453 (90.1)
Unambiguous NP1 Congruent 2112 1696 1810 (96.3)
Incongruent 2176 1980 2156 (92.5)
NP2 Congruent 2070 1641 1757 (99.0)
Incongruent 2109 1769 1896 (93.8)

plicit Cause (NP1- vs. NP2-biasing verk) 2 effects demonstrated that this effect was reliabl
Congruency (congruent vs. incongruent) ANOVAsfor unambiguous pronouns F{L(1,31) =
Pronoun and Congruency were within-partici11.17, p < .005; F2(1,46) = 9.72,p <
pants and within-items factors; Implicit Cause005) andmarginal for ambiguous pronouns
was within-participants but between-items.  (F1(1,31) = 3.32, p < .08; F2(1,46) =
First fragment reading timesThree-way 2.88,p < .1). These results are not consistent
ANOVAs revealed a marginal effect of Pronounwith the Focusing and Mixed accounts, but are
(F(1,31)= 3.55,p < .07,MSe= 148,324; consistent with the Integration account.
F2(1,46) = 3.01, p < .09, MSe = The analyses also revealed a main effect o
118,784),with fragments containing unambig-pPronoun F1(1,31) = 12.50, p < .005,
uous pronouns (2117 ms) being read marginallySe = 284,041; F2(1,46) = 19.20,p <
faster than fragments containing ambiguou$001,MSe = 167,485),with fragments fol-
pronouns (2207 ms), and a marginal three-wagwing unambiguous pronouns (1772 ms) bein
interaction £(1,31) = 3.04,p < .1, MSe=  read more quickly than fragments following
235,826,F2(1,46)= 4.72,p < .05,MSe= ambiguous pronouns (2007 ms). This is consis
141,942).However, the more important two- tent with the idea that a gender cue serves t
way ANOVAs using just the unambiguous levekagilitate reference resolution. There was als
of the Pronoun factor revealed no effects (alhy effect of Implicit CauseR1(1,31) = 9.53,
Fs < 1). This implies that the marginal three-, — 005 MSe = 188,474: F2(1,46) =
way interaction is spurious, as it depends UPOE 51, p < .05, MSe = 212,302),with frag-
differences between identical conditions. Thug,ants following NP2-biasing verbs (1806 ms)

there is no effect of either first mention Orpaing read more quickly than fragments follow-
implicit causality on first fragment reading tlme.ing NP1-biasing verbs (1973 ms).

Second fragment reading timekhere was a Question response datZhe effect of Con-

main effect of Congruency F(_1(1’31) — gruency emerged in the response times and ¢
24.36, p < .0001, MSe = 66,487 the participants’ analysis of the accuracy data

F2(1,46) = 10.23, p < .005, MSe = - .
. ype of pronoun did not have any effect (per-
148,046) with congruent fragments (1810 ms)haps because pronoun resolution is always ne

being read faster than incongruent fragmeng .
ssary to answer the question).
(1969 ms). The effect of congruency was not y W question)

influenced by whether the pronoun was ambigx. .

uous (bothFs < 1.2). Furthermore, the Causaﬁmscussmn

ity congruency effect was numerically smaller The results of this experiment provide prob-
with ambiguous pronouns (113 ms) than unanably the strongest support for the Integratior
biguous pronouns (206 ms). Tests of simplenodel. We found evidence of the congruency
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effect in the reading time data for the secont¥icKoon (1995) and of McDonald and Mac-
fragment, for both the ambiguous and unambig//hinney (1995) we found no evidence of an
uous cases. Both the Focusing and Mixed aearly influence of implicit causality. Experiment
counts predicted that if implicit causality infor- 2 demonstrated that the differences could not b
mation was used to focus on one character ovdue to the presence of extra words in the earlie
another, then the congruency effect arising dustudies. We found further evidence supporting
ing reading of the second fragment should bthe Integration account in Experiment 3, where
reduced when gender information is availableour depth of processing manipulation resultec
Contrary to this, the congruency effect was norin a reduction in the magnitude of the congru-
significantly increased in the presence of gendeincy effect under shallow-processing condi
information. tions. Again, this is contrary to the predictions

We found no evidence of an effect of con-of the Focusing model.
gruency in the data for the first fragment. This All of the data reported in this paper are
provides additional evidence against the Focusonsistent with the account outlined in
ing and Mixed accounts and in favor of theGarnham et al. (1996). Their position was base
Integration account. Note that the lack of a firsten inconclusive data, however. They failed to
mention effect suggests that the finding in Exfind any clear difference between anteceder
periments 2 and 3 may well have been due tand nonantecedent activation levels using th
lexical priming. The suggestion that fragmentprobe task in the context of implicit causality
containing ambiguous pronouns were reathformation (although they did find such a dif-
faster than fragments containing unambiguougrence when a gender cue was present). Add
pronouns, if real, may have been due to a prefionally, their experiment adopted the probe
erence for reading fragments containing twdask, which may be inappropriate for monitor-
names of the same gender over fragments coimg language comprehension online. As oul
taining two names of different genders. Overalffindings are based on an alternative methodol
it is not safe to conclude that there were anggy and are consistently clear, they strengthe
theoretically interesting effects on the first fragGarnham et al.’s (1996) conclusion that the
ment in any of the experiments. influence of implicit causality occurs during
integration. However, we cannot completely

GENERAL DISCUSSION rule out some small influence of implicit cau-

The results of the experiments reported abowlity during focusing.
support the Integration account. Although we In conclusion, our results suggest that im-
regularly found the causality congruency effecplicit causality information is employed by the
in our reading time data, we never found amanguage processor during integration. Implicit
interaction between the causality congruencyausality does not focus the processor on th
effect and the type of anaphor, and there is npotential referent consistent with the direction
consistent trend toward such an interactiorof the implicit causality bias. Rather, it facili-
Such an interaction is predicted by both théates the process of combining clauses to prc
Focusing account and the Mixed account.  duce a coherent semantic representation.

In Experiments 1-3 we found a causality
congruency effect with repeated name ana- APPENDIX A: ITEMS FROM
phors. This is contrary to the predictions of the EXPERIMENTS 1-4
Focusing model. Experiment 4 found a main jiems 1-12 contain NP1-biased verbs. Items 13-24 cor
effect of congruency that was unaffected byain NP2-biased verbs. The second set of 24 items were ust
whether the pronoun was ambiguous and rfer the second presentations of each verb. Thus Items 25—
effect of a mismatch between verb bias anaontain the same verbs and endings as Items 1-12 b

ender cue in the first fragment. These re IEiﬁ‘erent proper names. Similarly, Iltems 37—48 contain the
9 uel Irs 9 ’ S SUme verbs and endings as Items 13-24 but with differer

provides further support for the Integration acproper names. For each item, the subordinate clause withi
count. Contrary to the findings of Greene anthe first set of parentheses is congruent with the verb’s bia
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and the subordinate clause within the second set is incoBid Sue/Tim trouble Amy/Tim?
gruent. In Experiment 1 the names of the characters in the o )
main clause were of the same gender and occur before the’- Henry/Carol inspired Terry/Carol (intensely) because
slash. The anaphor in the subordinate clause was either d#enry/he had managed to beat the odds.)/(Terry/he needs
ambiguous pronoun or a repetition of the name of one of thtoMeone to look up to.)
charactgrs m_the main clause. The items gsed n Experlmewho had managed to beat the odds?/Who needed someo
2 were identical to those used in Experiment 1, with thef*

; i, . 0 look up to?
exception of the presence of additional words prior to th%id Henrv/Carol inspire Terrv/Carol?
connective (indicated in parentheses). The items in Exper- Y P Y ’

iment 3 were the same as those in Experiment 1 (with an g jake/Nancy telephoned Luke/Nancy (straight away

additional manipulation of Question Type). In Experiment 4y5¢4use (Jakelhe wanted to ask a favour.)/(Luke/h
the characters in the main clause were either of the same g 1dn't remember to call.)

a different gender. Thus the first name in NP1 position

(Danielin Example 1) was paired with the either the first oWho wanted to ask a favour?/Who wouldn’t remember to
second name in NP2 positioArfiold or Joannein Example  call?

1). Each item is shown with the versions of a deep-proces®id Luke/Nancy telephone Jake/Nancy?

ing question and the versions of a shallow-processing ques-

tion (in that order). (A shallow-processing question follows 9- James/Donna amused Craig/Donna (a lot) becaus
each item because, although each participant saw such quelames/he performed hilarious impressions.)/(Craig/he we
tions after only one third of the items, different participantvery easily entertained.)

saw questions after different thirds. . . .
q ) Who performed hilarious impressions?/Who was very eas

1. Daniel/Joanne apologised to Arnold/Joanne (profusdly entertained?
ly) because (Daniel/he had been behaving selfishly.)/(AMere the impressions hilarious?

nold/he didn't deserve the criticism.)
10. Susan/Terry concerned Carol/Terry (a great deal

Who had been behaving selfishly?/Who didn’t deserve thgecause (Susan/she was starting to behave erratically.)/(Ce
criticism? ol/she hated seeing friends in trouble.)
Did Daniel/Joanne apologise to Arnold/Joanne?

- ~ Who was starting to behave erratically?/Who hated seein
2. Philip/Tracey confessed to Callum/Tracey (rightiends in trouble?

away) because (Philip/he had stolen the money.)/(Calyas the behaviour predictable?
lum/he would not be judgmental.)

. 11. Caroline/Jonathon amazed Florence/Jonathon (con
Who had stolen the money?/Who would not be JUd(-:’memal?letel ) because (Caroline/she passed the exam.)/(Florenc
Was it a cheque book that had been stolen? P y P ’

she was easily impressed.)
3. Barry/Lydia fascinated Derek/Lydia (lots and lots)

because (Barry/he performed magic tricks.)/(Derek/he wéé/_ ho pas;ed the exam?/Who was easily mpressid?
easily entertained.) Did Caroline/Jonathon amaze Florence/Jonathon?

Who performed magic tricks?/Who was easily entertained? 12. Diana/Craig called Nancy/Craig (quickly) because
Did Barry/Lydia fascinate Derek/Lydia? (Diana/she had found the telephone number.)/(Nancy/sh

couldn’t make outgoing calls.)
4. Ann/Ben infuriated Liz/Ben (greatly) because (Ann/

she had broken the promise.)/(Liz/she hated being d&vho had found the telephone number?/Who couldn’t make
ceived.) outgoing calls?
Who had broken the promise?/Who hated being deceived®d Nancy/Craig call Diana/Craig?

Did Liz/Ben infuriate Ann/Ben? ) )
13. Jean/John congratulated Rita/John (vigorously) be

5. Rose/John disappointed Joan/John (deeply) becausguse (Rita/she had won the championship.)/(Jean/she w
(Rose/she failed to appear.)/(Joan/she had high standardgeyy impressed.)

Who had failed to appear?/Who had high standards?  \yas was very impressed?/Who had won the championshif

Did Rose/John disappoint Joan/John? Did Rita/John congratulate Jean/John?

6. Amy/Tim troubled Sue/Tim (enormously) because 14. Michael/Kathryn appreciated Richard/Kathryn (very
(Amy/she was starting to behave rather strangely.)/(Sue/sAeich) because (Richard/he had offered to help.)/(Mi-
hated seeing others feeling very sad.) chael/he needed the extra help.)

Who was starting to behave rather strangely?/Who hatatfho needed the extra help?/Who had offered to help?
seeing others feeling very sad? Did Richard/Kathryn appreciate Michael/Kathryn?
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15. Trevor/Phoebe detested Gordon/Phoebe (utterly) be-23. Gemma/Paul punished Ellen/Paul (harshly) becaus
cause (Gordon/he was completely unreliable.)/(Trevor/hgllen/she had been very trying.)/(Gemma/she had ha
hated being taken advantage of.) enough.)

Who hated being taken advantage of?/Who was complete¥yho had had enough?/Who had been very trying?
unreliable? Did Gemma/Paul punish Ellen/Paul?

Did T Ph Ph ? . .
id Trevor/Phoebe detest Gordon/Phoebe 24. Emily/Grant admired Tracy/Grant (unreservedly) be-

16. Jack/Mary liked Tony/Mary (considerably) becausg&ause (Tracy/she was very motivated.)/(Emily/she needed
(Tony/he was full of incredibly helpful advice.)/(Jack/herole model.)

was made to feel quite at home.) Who needed a role model?/Who was very motivated?

Who was made to feel quite at home?/Who was full oPid Tracy/Grant admire Emily/Grant?
incredibly helpful advice?

Was the advice i dibly helpful? 25. Edward/Kirsty apologised to Justin/Kirsty (pro-
as the advice incredibly helpful?

fusely) because (Edward/he had been behaving selfishly.
17. Catherine/Jonathon despised ~ Elizabeth/Jonath&h'Stin/he didn’t deserve the criticism.)

(passionately) because (Elizabeth/she seemed to lie CQfjhg had been behaving selfishly?/Who didn't deserve th
stantly.)/(Catherine/she had felt very let down.) criticism?

Who had felt very let down?/Who seemed to lie constantly]:?id Edward/Kirsty apologise to Justin/Kirsty?

Did Catherine/Jonathon despise Elizabeth/Jonathon? 26. Thomas/Daphne confessed to Johnny/Daphne (rigt
away) because (Thomas/he had stolen the money.)/(Joh
18. Cathy/Harry thanked Sally/Harry (wholeheartedly) /he would not be judgmental.)

because (Sally/she had brought the present.)/(Cathy/she had

appreciated the present.) Who had stolen the money?/Who would not be judgmental

) Was it a ch k that h tolen?
Who had appreciated the present?/Who had brought theas' a cheque book that had been stolen

present? 27. KevinPaula fascinated Peter/Paula (lots and lots) be
Did Sally/Harry thank Cathy/Harry? cause (Kevin/he performed magic tricks.)/(Peter/he was ea:

ily entertained.
19. Mick/Lisa loathed Paul/Lisa (thoroughly) becauseIy ! )

(Paul/ne had very little integrity.)/(Mick/he was starting toWho performed magic tricks?/Who was easily entertained’
feel upstaged.) Did Kevin/Paula fascinate Peter/Paula?

Who was starting to feel upstaged?/Who had very little 28. Jan/Tom infuriated Meg/Tom (greatly) because (Jan
integrity? she had broken the promise.)/(Meg/she hated being de
Did Mick/Lisa loathe Paul/Lisa? ceived.)

20. Ted/Sue praised Bob/Sue (enthusiastically) becau¥ého had broken the promise?/Who hated being deceived
(Bob/he behaved very courageously.)/(Ted/he was inPid Meg/Tom infuriate Jan/Tom?

pressed by the project.) 29. Beth/Bill disappointed Ruth/Bill (deeply) because

Who was impressed by the project?/Who behaved ve,()Beth/she failed to appear.)/(Ruth/she had high standards
courageously?

Was the project unimpressive? Who had failed to appear?/Who had high standards?

Did Beth/Bill disappoint Ruth/Bill?

21. Ray/Liz scolded Robl/Liz (severely) because (Rob/he 30. Kay/Roy troubled Eve/Roy (enormously) because

had damaged the mahogany table.)/(Ray/he was aware (Rfay/she was starting to behave rather strangely.)/(Eve/sh
the potential danger.) hated seeing others feeling very sad.)

Who was aware of the potential danger?/Who had damagggh, \as starting to behave rather strangely?/Who hate
the mahogany table? seeing others feeling very sad?
Did Ray/Liz scold Rob/Liz? Did Eve/Roy trouble Kay/Roy?

22. Anna/Bill noticed Emma/Bill (at once) because 31. David/Sarah inspired Simon/Sarah (intensely) be
(Emma/she wore a remarkably colourful dress.)/(Anna/shgause (David/he had managed to beat the odds.)/(Simon/t
was always exceedingly observant.) needed someone to look up to.)

Who was always exceedingly observant?/Who wore a réyho had managed to beat the odds?/Who needed someo
markably colourful dress? to look up to?
Did Emma/Bill notice Anna/Bill? Did David/Sarah inspire Simon/Sarah?
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32. John/Nora telephoned Noel/Nora (straight away) beéA/ho was made to feel quite at home?/Who was full of
cause (John/he wanted to ask a favour.)/(Noel/he wouldnitcredibly helpful advice?
remember to call.) Was the advice incredibly helpful?

Who wanted to ask a favour?/Who wouldn’t remember to 41. Kimberley/Sebastian despised Josephine/Sebasti
call? (passionately) because (Josephine/she seemed to lie cc
Did Noel/Nora telephone John/Nora? stantly.)/(Kimberley/she had felt very let down.)

33. Grant/Kathy amused Keith/Kathy (a lot) becaus&Vho had felt very let down?/Who seemed to lie constantly~
(Grant/he performed hilarious impressions.)/(Keith/he waBid Kimberley/Sebastian despise Josephine/Sebastian?

very easily entertained.
y y ) 42. Eliza/Derek thanked Doris/Derek (wholeheartedly)

Who performed hilarious impressions?/Who was very eadecause (Doris/she had brought the present.)/(Eliza/she h:
ily entertained? appreciated the present.)

Were the impressions hilarious?
P Who had appreciated the present?/Who had brought th

34. Trudy/John concerned Linda/John (a great deal) b@resent?
cause (Trudy/she was starting to behave erratically.)/(Lind&id Doris/Derek thank Eliza/Derek?

he hated seeing friends in trouble.
she hated seeing friends in trouble.) 43. BillJil loathed NeillJill (thoroughly) because

Who was starting to behave erratically?/Who hated seeir®leil/he had very little integrity.)/(Bill/lhe was starting to
friends in trouble? feel upstaged.)

Was the behavi dictable?
as the behaviour prediciable Who was starting to feel upstaged?/Who had very little

35. Kathleen/Joseph amazed Jennifer/Joseph (complebetegrity?
ly) because (Kathleen/she passed the exam.)/(Jennifer/dbig Bill/Jill loathe Neil/Jill?

was easily impressed.
v imp ) 44. Roy/Kay praised lan/Kay (enthusiastically) because

Who passed the exam?/Who was easily impressed? (lan/he behaved very courageously.)/(Roy/he was im
Did Kathleen/Joseph amaze Jennifer/Joseph? pressed by the project.)

36. Sarah/Robert called Donna/Robert (quickly) becaus&/ho was impressed by the project?/Who behaved ver
(Sarah/she had found the telephone number.)/(Donna/sbeurageously?

couldn’t make outgoing calls.) Was the project unimpressive?

Who had found the telephone number?/Who couldn’t make 45. Joe/Joy scolded Guy/Joy (severely) because (Guy/f
outgoing calls? had damaged the mahogany table.)/(Joe/he was aware of t
Did Donna/Robert call Sarah/Robert? potential danger.)

37. Gail/Karl congratulated Cath/Karl (vigorously) be-Who was aware of the potential danger?/Who had damage
cause (Cath/she had won the championship.)/(Gail/she wiee mahogany table?
very impressed.) Did Joe/Joy scold Guy/Joy?

Was was very impressed?/Who had won the championship?46. Mary/Brian noticed Lisa/Brian (at once) because
Did Cath/Karl congratulate Gail/Karl? (Lisa/she wore a remarkably colourful dress.)/(Mary/she

was always exceedingly observant.
38. Douglas/Gillian appreciated Stephen/Gillian (very y ay )

much) because (Stephen/he had offered to help.)/(Dout¥ho was always exceedingly observant?/Who wore a re
las/he needed the extra help.) markably colourful dress?

Did Lisa/Brian notice Mary/Brian?
Who needed the extra help?/Who had offered to help? y

Did Stephen/Gillian appreciate Douglas/Gillian? 47. Chloe/Simon punished Norma/Simon (harshly) be-

) ) cause (Norma/she had been very trying.)/(Chloe/she ha

39. Norman/Hilary detested George/Hilary (utterly) be'had enough.)
cause (George/he was completely unreliable.)/(Norman/he

hated being taken advantage of.) Who had had enough?/Who had been very trying?

id Norma/Si ish Chloe/Si ?
Who hated being taken advantage of?/Who was completeleI ormarsimon punis oersimon

unreliable? 48. Irene/Tim admired Rosie/Tim (unreservedly) be-
Did Norman/Hilary detest George/Hilary? cause (Rosie/she was very motivated.)/(Irene/she needed
role model.)

40. Alan/Mona liked Jeff/Mona (considerably) because
(Jeff/he was full of incredibly helpful advice.)/(Alan/he wasWho needed a role model?/Who was very motivated?
made to feel quite at home.) Did Irene/Tim admire Rosie/Tim?
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APPENDIX B: CONTINUATION AND PLAUSIBILITY PRETEST RESULTS

NP-1-Biasing Verbs

Plausibility of  Plausibility of
“incorrect” “incorrect
NP1 NP 2 Plausibility of  Plausibility of version of version of
continuations continuations NP1 sentence NP2 sentence NP1 sentence NP2 sentence
(of 24) (of 24) (congruent) (incongruent) (congruent) (incongruent)
Fascinated 21 0 6.417 5.667 3.000 1.292
Infuriated 22 0 6.583 5.375 2.625 1.625
Disappointed 21 0 6.458 6.292 3.083 1.208
Confessed to 22 0 6.542 6.304 1.042 1.167
Apologised to 21 1 6.565 6.500 2.042 0.667
Inspired 16 0 6.042 5.333 1.750 2.333
Troubled 19 1 6.500 5.875 2.792 1.708
Telephoned 20 1 6.542 6.292 0.500 2.522
Amused 19 1 6.250 5.833 2.583 1.083
Concerned 19 0 6.125 5.292 2.125 1.391
Amazed 18 1 6.292 6.125 2.458 1.000
Called 16 0 8.000 6.792 0.957 2.542
Mean 19.5 0.4 6.526 5.973 2.080 1.545
NP2-Biasing Verbs
Plausibility of  Plausibility of
“incorrect” “incorrect”
NP1 NP2 Plausibility of  Plausibility of version of version of
continuations continuations NP1 sentence NP2 sentence NP1 sentence NP2 sentence
(of 24) (of 24) (incongruent) (congruent) (incongruent) (congruent)
Admired 0 18 6.125 6.333 1.913 1.583
Appreciated 1 16 6.125 6.583 2.708 1.792
Praised 1 17 6.000 6.750 2.261 1.875
Despised 1 16 6.250 6.583 1.250 1.917
Liked 1 18 6.000 6.417 1.208 1.958
Noticed 0 17 6.042 6.625 1.375 2.000
Congratulated 1 21 5.875 6.833 1.083 2.000
Loathed 2 18 5.708 6.125 2.958 2.375
Punished 1 14 5.583 5.958 1.583 2.458
Scolded 1 17 5.958 6.500 1.250 2.625
Detested 1 19 6.042 6.375 2.292 2.958
Thanked 2 17 6.583 6.583 1.318 3.417
Mean 1.0 17.3 6.024 6.472 1.767 2.247
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