Research Article

Activation and Persistence of Implicit
Causality Information in Spoken
Language Comprehension

Pirita Pyykkénen® and Juhani Jarvikivi®

'Department of Psychology, University of Turku, Finland
*Max Planck Institute for Psycholinguistics, Nijmegen, The Netherlands

Abstract. A visual world eye-tracking study investigated the activation and persistence of implicit causality information in spoken language
comprehension. We showed that people infer the implicit causality of verbs as soon as they encounter such verbs in discourse, as is predicted by
proponents of the immediate focusing account (Greene & McKoon, 1995; Koornneef & Van Berkum, 2006; Van Berkum, Koornneef, Otten, &
Nieuwland, 2007). Interestingly, we observed activation of implicit causality information even before people encountered the causal conjunction.
However, while implicit causality information was persistent as the discourse unfolded, it did not have a privileged role as a focusing cue
immediately at the ambiguous pronoun when people were resolving its antecedent. Instead, our study indicated that implicit causality does not
affect all referents to the same extent, rather it interacts with other cues in the discourse, especially when one of the referents is already

prominently in focus.
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Natural language allows the communication of events in a
subtle, often minimal way, and sometimes even without
explicit cues to its interpretation. Therefore, in order to fully
understand the unfolding discourse, it is important to be able
to infer rapidly, for example, what the implicit causes and
consequences of the recounted events might be. In the fol-
lowing, grammatically similar, sentence fragments John
frightened Bill because. .. and John feared Bill because. . .,
the interpersonal verbs frighten and fear direct attention to
different participants: Verbs like “frighten” highlight the first
participant of the event, John, whereas verbs like “fear”
highlight the second participant, Bill, as shown by several
tasks where people have been asked to continue such sen-
tences (for a recent review, see Guerry, Gimenes, Caplan,
& Rigalleau, 2006). Since the inference in the above cases
is based on who is thought to be responsible for the fear or
fright, respectively, this verb-based bias toward either of
the participants is referred to as implicit causality. However,
even though studies on pronoun resolution have demon-
strated strong effects of implicit causality on referential pro-
cessing during both offline and online tasks (e.g., Crinean &
Garmnham, 2006; Garnham, Traxler, Oakhill, & Gernsbacher,
1996; Garvey & Caramazza, 1974; Garvey, Caramazza, &
Yates, 1975; Greene & McKoon, 1995; Koornneef & Van
Berkum, 2006; Stewart, Pickering, & Sanford, 2000), there
is still no consensus as to when exactly during the course
of processing this information is activated and used.

The Clausal Integration Account states that implicit cau-
sality information affects comprehension during a late
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semantic clausal integration phase, when implicit causality
information in the main clause is integrated with the explic-
itly stated causal information in the subordinate clause
(Garnham, 2001; Garmham et al., 1996; Stewart et al.,
2000). Therefore, this predicts that implicit causality should
not affect the relative activation of the potential antecedents
until people have enough information to determine whether
the information in the subordinate clause is in agreement or
disagreement with the implicit causality bias in the main
clause. In contrast, the Immediate Focusing Account claims
that implicit causality information is used much earlier to
focus one of the referents at the expense of the other
and would thus affect reference resolution immediately
when a pronoun is encountered (Greene & McKoon,
1995; Koornneef & Van Berkum, 2006; McDonald &
MacWhinney, 1995; McKoon, Greene, & Ratcliff, 1993;
Van Berkum, Koornneef, Otten, & Nieuwland, 2007).
Consistent with the integration view, Garnham et al.
(1996) observed an implicit causality effect in probe recogni-
tion for probes presented toward the end of the sentence, but
not for those presented immediately after the pronoun. Also,
Stewart et al. (2000) found no early effects of implicit causal-
ity in self-paced reading experiments, but, instead, found late
facilitation for sentences with consistent implicit and explicit
causes. In contrast, McDonald and MacWhinney (1995) did
observe an early effect of implicit causality on probes
presented immediately after the pronoun (see also Long &
DeLey, 2000; McKoon et al., 1993). Similarly, Koornneef
and Van Berkum (2006) found an effect of implicit causality
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shortly after people read the gender marked pronoun in
experiments using self-paced reading and eye-tracking.
Furthermore, Van Berkum et al. (2007) found a P600 effect
appearing 400-700 ms after the onset of a gender marked
pronoun which mismatched with the verb bias.

Although seemingly supportive of either focusing or
integration, much of the evidence is in fact less conclusive
than it first appears. For example, in Stewart et al. (2000)
the participants read the sentences in two fragments, and
thus it is possible that some of the differences found at the
later fragment were spill-over effects related to the pronoun
presented at the end of the first fragment. In Koornneef and
Van Berkum’s (2006) study, the implicit causality effect
appeared after the pronoun in self-paced reading (Experi-
ment 1); and with eye-tracking (Experiment 2), the early
measures (first fixation duration) did not show an effect until
the third word after the pronoun, and the only significant
effect on the pronoun was observed in the regression path.
Thus, neither study is clearly incompatible with focusing
or integration. Moreover, even though the later work by
Van Berkum et al. (2007) supports focusing more clearly,
none of the available studies allow us to determine whether
implicit causality information was activated elaboratively
prior to the gender disambiguated pronoun.

A strong interpretation of focusing would predict that
implicit causality affects attention to the participants in the
event immediately after verb information becomes available.
Therefore, one might argue that the effect should occur before
the pronoun. This activation should then persist until a pro-
noun is encountered, at which point the antecedents with con-
sistent implicit causality bias would have an immediate
advantage over the inconsistent antecedents as the preferred
referents of the pronoun, provided that no definite disambig-
uating information, such as gender marking, is available.

A further important issue related to the timing of the
effect is whether implicit causality is an inherent property
of verbs (e.g., Au, 1986; Crinean & Garnham, 2006; Pick-
ering & Majid, 2007); particularly, whether the effect is tied
to the occurrence of an explicit marker needed to trigger its
activation. Although many studies suggest that the occur-
rence of the implicit causality effect may depend on the
presence of the causal connective because (e.g., Ehrlich,
1980; Koornneef, 2008; Stevenson, Crawley, & Kleinman,
1994; Stevenson, Knott, Oberlander, & McDonald, 2000),
other evidence suggests that this is not the case (McDonald
& MacWhinney, 1995).

In sum, even though there is evidence supporting both
integration and focusing, the exact timing of the activation
of implicit causality information has remained unresolved.
One reason for the failure to resolve this issue may be meth-
odological: Firstly, much of the mutually inconsistent evi-
dence comes from probe recognition, which may reflect
special strategies specific to the task itself rather than normal
language comprehension (Gordon, Hendrick, & Foster,
2000); and secondly, despite the fact that reading and
event-related potentials methods are temporally sensitive,
they are each dependent on a mismatch between implicit
causality and other information (e.g., gender), thus allowing
for the effect to be indexed only after the point where the
violation occurs, that is, at the pronoun or after. One way
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to avoid this is to use the visual world eye-tracking
technique that offers the possibility of following the time
course of the effects as the linguistic information unfolds
without the need for such violations (Cooper, 1974;
Tanenhaus, Spivey-Knowlton, Eberhard, & Sedivy, 1995).

Activation of Implicit Causality and Its Use
in Pronoun Resolution

One line of evidence suggesting early activation of semantic
information comes from studies demonstrating that semantic
features may become activated even in contexts in which
they would not be helpful for building immediate coherence,
such as in elaborative inferences (e.g., Garnham, Oakhill, &
Reynolds, 2002; Pyykkonen, Hyond, & Van Gompel, in
press). For example, using the visual world method,
Pyykkonen et al. showed that on hearing a word like secre-
tary, which had been independently rated as a highly
female-stereotyped occupation, participants did not wait
until they needed to integrate this word into the discourse
context later at the anaphor, but instead activated the stereo-
type information when first encountering the word. In accor-
dance with the elaborative activation of stereotypes, implicit
causality information, as another dimension of verb seman-
tics, can be hypothesized to become activated immediately
after the verb when its meaning becomes available.

However, although implicit causality could be activated
following the verb and even before the causal conjunction,
this in itself does not necessarily imply that it would be used
when interpreting an ambiguous pronoun later in the context.
On the one hand, it may be that ambiguous pronoun resolu-
tion is also driven first and foremost by structural factors, as
suggested by evidence from other types of ambiguity resolu-
tion in sentence processing such as garden path sentences
(e.g., Ferreira & Clifton, 1986; Frazier, 1987), and that other
types of information, including semantic implicit causality,
are used only later at the integration phase (e.g., Gordon &
Hendrick, 1998; Garnham et al., 1996). Thus, regardless of
the early activation of implicit causality information, people
may use structural factors earlier when resolving an ambigu-
ous pronoun which they encounter later in the discourse. This
implies that information that can be called structural, such as
order-of-mention, grammatical role, and parallel syntactic
function of the pronoun and the potential antecedents, would
affect pronoun resolution earlier in time than semantic impli-
cit causality (Chambers & Smyth, 1998; Grober, Beardsley,
& Caramazza, 1978; Sheldon, 1974; Smyth, 1994).

On the other hand, current interactive models of ambigu-
ity resolution in sentence processing (e.g., McRae, Spivey-
Knowlton, & Tanenhaus, 1998; Trueswell, Tanenhaus, &
Garnsey, 1994; Tyler & Marslen-Wilson, 1977) do assume
that all structurally based alternatives and other sources of
information, semantic and pragmatic, are activated and used
in parallel to determine which of the analyses should be
adopted. Thus, in line with the focusing account (e.g.,
McDonald & MacWhinney, 1995; McKoon et al., 1993),
implicit causality information may be readily available from
early on and incrementally integrated with other information
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as the utterance unfolds (see also Koornneef & Van Berkum,
2006 for a similar view). The extent to which this informa-
tion then affects ambiguous pronoun resolution would
depend on its relation to other available information affect-
ing the relative salience of the potential antecedents at the
moment of encountering the pronoun.

Experiment

We investigated the above issues in spoken language com-
prehension. The two main questions were as follows: (1)
Is implicit causality information activated prior to the pro-
noun after encountering the verb and before the causal con-
junction is encountered, or, does the activation occur only
after a pronoun when this information is needed to resolve
the referential relationship between the ambiguous pronoun
and its potential antecedents? (2) If implicit causality is acti-
vated prior to the pronoun, does the activation persist until
the pronoun and is implicit causality used as a focusing
cue immediately at the pronoun in reference resolution?

In order to answer these questions, we employed the
visual world eye-tracking method (Cooper, 1974; Tanenhaus
et al., 1995). By tracking participants’ eye movements to
pictures presented on the computer screen while they were
listening to the spoken stimuli, we were able to assess
how they interpreted the linguistic material. Studies with this
method have shown that people’s eye movement behavior is
closely time locked with language processing (e.g., Allopenna,
Magnuson, & Tanenhaus, 1998; Dahan, Magnuson, &
Tanenhaus, 2001; Sedivy, Tanenhaus, Chambers, & Carlson,
1999). Previous studies have also shown that the method is
ideal for investigating pronoun resolution: The increased prob-
ability of fixating one entity over another reveals how people
resolved the pronoun and the factors that they used to arrive
at their decision (Amold, Brown-Schmidt, & Trueswell,
2007; Amold, Eisenband, Brown-Schmidt, & Trueswell,
2000; Jarvikivi, Van Gompel, Hyoné, & Bertram, 2005; Kaiser
& Trueswell, 2008). It has also been shown that this method is
effective in revealing the elaborative activation of semantic
features of words in discourse (Pyykkdnen et al., in press).

Taking advantage of these possibilities, we showed peo-
ple four pictures on the computer screen while they were lis-
tening to two-sentence stories in Finnish (Table 1). In order
to determine whether implicit causality would have an effect
immediately after the verb, the critical second sentence had a
subject or object biasing experiencer-stimulus or stimulus-
experiencer verb. The pronoun was introduced later in the
following subordinate clause, which enabled us also to
investigate whether possible activation of implicit causality
would persist until the pronoun. In addition, both the subject
and the object form of the gender ambiguous third person
pronoun, hdn “s/he” or hénet “her/him” was used. Previous
research has shown that ambiguous pronouns are preferen-
tially interpreted as coreferential with the subject and
first-mentioned antecedent of the preceding clause (Crawley,
Stevenson, & Kleinman, 1990; Frederiksen, 1981;
Gemsbacher & Hargreaves, 1988; Jarvikivi et al., 2005) as
well as with the antecedent that has the same grammatical
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role as the pronoun (e.g., Chambers & Smyth, 1998; Grober
et al., 1978; Sheldon, 1974; Smyth, 1994). We exploited this
well-established structural preference in order to investigate
whether implicit causality would have an effect only after
structural information is used or whether it would be used
at the same time or even earlier than structural grammatical
role and parallelism information.

To summarize the hypotheses with respect to our first
question, if implicit causality information is activated prior
to the pronoun and the conjunction, this should trigger more
fixations to the character consistent with the implicit causality
bias immediately after the verb as soon as its semantics
become available. If the activation depends on the presence
of a causal conjunction, we should observe more fixations
to the consistent characters only after koska “because”. How-
ever, if implicit causality is not activated prior to the pronoun,
we should not find such a preference — instead participants
would be expected to fixate the subject which was mentioned
just before the verb and later the object once it is mentioned.
Importantly, the early looks to the subject and later looks to
the object should not interact with implicit causality.

With respect to our second question, if implicit causality
information is persistent and used as a focusing cue at the
pronoun, we should find increased probability to fixate the
character that is consistent with the implicit causality bias
regardless of the pronoun type. As to the time course of
the constraints, it could also be argued that, according to
the focusing account, the looks to the implicit causality con-
sistent character should be found at the same time or earlier
than structural order-of-mention/grammatical role or paral-
lelism effects. However, if people initially use structural
cues prior to semantic cues to resolve the pronoun, we
should find more looks to the subject antecedent with the
subject pronoun and an increased probability to fixate the
object antecedent immediately after the object pronoun.

Method

Participants

Thirty-two undergraduates from the University of Turku
participated for course credit. All were native speakers of
Finnish with normal or corrected-to-normal vision and no
reported hearing problems.

Apparatus

An SR Research EyeLink II eye-tracker was used. The eye-
tracker is a near infrared video-based system combined with
hyperacuity image processing. A 500 Hz sampling rate was
used. Spatial accuracy was better than 0.5 degrees of arc.
Viewing was binocular; only one eye was recorded.

Materials and Design

Thirty-two experimental stories in four conditions were con-
structed consisting of two spoken sentences (Table 1). The
first sentence introduced one of the two critical characters.
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Table 1. Examples of the materials

First sentence

Kitaristi oli valmistautumassa illan esitykseen
The guitarist was preparing for the night’s performance

Second sentence

First clause Second clause Condition Implicit Pronoun
causality bias
Hovimestari pelkési koska koko pidivian hidn kummallista kylld oli (a) Object Hiin
kitaristia ravintolasalissa ndyttdnyt erittdin tyytyméttomaltd huolimatta
The butler feared the tulossa olevasta suositusta illasta
guitarist in the dining room because for the whole day he curiously
enough had seemed extremely unhappy
despite the upcoming popular night
Hovimestari pelkési koska koko pdivan hinet kummallista (b) Object Hinet
kitaristia ravintolasalissa kylla oli néhty erittdin tyytyméattdméana
The butler feared the huolimatta tulossa olevasta suositusta
guitarist in the dining room illasta because for the whole day
him curiously enough had been
seen (to be) extremely unhappy
despite the upcoming popular night
Hovimestari pelotti kitaristia koska koko pdivan hén () Subject Hin
ravintolasalissa kummallista kylld oli ndyttdnyt erittdin
The butler frightened the tyytyméttomaltd huolimatta tulossa
guitarist in the dining room olevasta suositusta illasta
because for the whole day he curiously
enough had seemed extremely unhappy
despite the upcoming popular night
Hovimestari pelotti kitaristia koska koko péivan hénet kummallista (d) Subject Hiinet

ravintolasalissa
The butler frightened the
guitarist in the dining room

kylla oli ndhty erittdin tyytyméattdméana
huolimatta tulossa olevasta suositusta illasta
because for the whole day him curiously

enough had been seen (to be) extremely
unhappy despite the upcoming popular night

The second sentence consisted of a main clause and a sub-
ordinate clause that always began with the causal conjunc-
tion koska “because”. The first-mentioned subject (hence
subject) of the second sentence was a previously unmen-
tioned character and the subject of the first sentence was
demoted to object position. In order to increase control over
the experimental items, the subject and object biasing verbs
always formed a pair within each item so that both shared
the same verb stem, for example, peldtd “fear” versus pelot-
taa “frighten”. In order to ensure ample time for detection
of the effects, a semantically nonbiasing adverbial phrase
(on average 1,100 ms) was presented between the conjunc-
tion and the pronoun. The final interpretation of the pronoun
did not definitely disambiguate toward either character.
The experimental verbs were selected using a sentence
completion task (e.g., Garvey & Caramazza, 1974). Ninety
verbs were embedded in a sentence frame of the form NP1

Verb NP2, because. .. (John met Bill, because. . .). Fifteen
participants completed the sentences. The 16 subject and
16 object biasing verbs selected for the experimental mate-
rials fulfilled the criterion of having 62.5% or more comple-
tions in the expected direction. Each verb was used twice in
the materials.

A gender-neutral third person pronoun was presented in
the last clause in either subject (nominative), Adn “s/he”, or
object form (accusative), hdnet “her/him”.!

The materials were read aloud by a male native speaker
in a soundproof room and recorded onto a computer hard
disk. In order to avoid prosodic differences across condi-
tions, one reading of each story was selected as the base
to which the alternative verb and pronoun were spliced:
For example, story la (Table 1) was selected, and 1b was
created by replacing he with him; story 1c was created by
replacing feared with frightened in 1a; story 1d was created

Unlike in languages with less flexible word order, in Finnish it is not only grammatical but in this case also felicitous for an object pronoun

to begin the sentence. Also, just as with hdn the referent for Adnet is ambiguous. Moreover, the meaning of the pronoun is the same as
English her/him: For example, mind ndin hénet literally means “I saw him/her”. Apart from the interrogative form kuka “who”, personal
pronouns are the only noun phrases (NPs) that have a separate form for the accusative (object) case, which is otherwise homophonous with
either a singular genitive or nominative. Accusative case can be partially determined by specific lexical verbs, for example, ndhdd “see”.
However, an object is assigned an accusative case if the predicate has a bounded reading (e.g., Kiparsky, 2001; Reime, 1993).
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by splicing the whole subordinate clause from 1b to 1c. The
selection of the base for the conditions was counterbalanced
between items.” One of the authors (P.P.), who has a training
in phonetics, used Praat phonetic analysis software
(Boersma, 2001) to record, edit, and analyze the sound files.

During each trial four separate pictures (each with
150 x 150 pixels) were presented on the computer screen
in quadrangular format. Two of the pictures depicted the
subject and object antecedents, for example, butler and gui-
tarist, and two additional pictures depicted entities or events
mentioned in the story, for example, a dining room and a
stage. The same pictures were used in all conditions of a sin-
gle item. The position of the pictures was counterbalanced
between items. The critical pictures were clearly identifiable
photographs depicting familiar role names, such as butler,
guitarist, doctor, etc.

The four versions of each story were counterbalanced
across four lists: Each participant encountered only one ver-
sion of a single item, with an equal number of items in all
conditions. Each list included the same 32 filler stories.
Eight participants were randomly assigned to each list.

Procedure

The participants sat in front of a 21-in. computer screen, at a
distance of ~ 70 cm. The eye-tracker was calibrated using
a 9-point grid extending over the entire computer screen.
On each trial, after the participant fixated on the fixation
point, the experimental pictures appeared. The sound started
50 ms later and lasted for 13.5-16 s. Participants were
instructed to look at the pictures while listening to the stories
for comprehension. They were occasionally asked to con-
tinue orally the story that they had just heard using the char-
acters and entities presented in that story. Each participant
produced 10 continuations. Six practice trials preceded the
first experimental trial. Each session lasted ~ 40 min.

Results and Discussion

For each 20 ms time frame following the verb, the subordi-
nate conjunction, and the pronoun onset, we determined
whether participants fixated the subject or object character.
For the statistical analyses, we aggregated these time frames
into larger segments of 300 ms. The total analysis regions
after the verb onset and the conjunction onset were deter-
mined by taking the shortest duration before the onset of
the conjunction (after the verb) and the onset of the pronoun
(following the onset of the conjunction) as the end points,
respectively.’ The time segments after the pronoun onset
(0—1,200 ms) correspond to the shortest semantically neutral
region before any disambiguating information was available.

The results for these regions are given in Tables 2—4, respec-
tively. Figures 14 present the time course of the effects for
the analysis regions.

Results After the Verb Onset

The 2 X 2 analyses of variance (ANOVAs) were conducted
with grammatical role (looks to the subject vs. the object of
the second sentence) and implicit causality consistency
(looks to the antecedent consistent vs. inconsistent with
the implicit causality bias of the verb) as within-participant
(F1) and within-item (F2) factors and arcsine transformed
proportions of fixations (relative to all looks) to the pictures
of the grammatical subject and object as the dependent mea-
sure. The results from the statistical analyses are given in
Table 2. Figure 1 illustrates the time course of the effects
during 0-2,700 ms after the verb onset.

There were no statistical differences at the verb onset
(A(1) = .068, p = .79). There was a main effect of gram-
matical role in all time segments, showing more looks to
the subject than the object antecedent.

Importantly, we found a statistically significant main
effect of implicit causality consistency starting 900 ms after
the verb onset indicating that people looked relatively more
often to the character that was consistent with the implicit
causality bias, that is, subject after subject-biasing verbs
and object after object-biasing verbs. As the verb lasted
on average for 560 ms and was followed immediately by
the object antecedent, it is clear that the implicit causality
effect appeared just after participants had encountered both
the subject and the object antecedents.

Apart from the 2,100-2,400 ms segment, we found no
consistent interaction between grammatical role and implicit
causality bias. The interaction in this particular segment was
due to there being more looks to the subject with consistent
than inconsistent implicit causality bias (11(31) = 3.61,
p <.01; 2(31) = 3.73, p < .01), but no difference between
the consistent and inconsistent object (fs < 1).

Results After the Conjunction Onset

The 2 x 2 ANOVAs conducted as above showed a consis-
tent main effect of grammatical role in all time windows,
denoting a preference for the subject over the object ante-
cedent. There was also a significant main effect of implicit
causality consistency in the first time window (0—300 ms)
that was marginally significant in the next time window
(300—600 ms), showing relatively more looks to the charac-
ter consistent with the implicit causality bias. This suggests
that the implicit causality activation is persistent until people
encounter the causal conjunction. However, this effect was
qualified by a significant interaction between grammatical

None of the participants reported any oddities in the sound files when asked after the experiment. When all possible conditions of randomly

selected items were presented to a few people naive to the purpose of the experiment, they were not able to report the condition with the
original, fully pronounced, sound file or to spot any changes caused by the cross-splicing.

bias vs. object-bias) are consistent or not.

© 2009 Hogrefe Publishing

The acoustic onsets for the verb, conjunction, and the pronoun were determined separately for each trial using Praat.
Implicit causality consistency refers to whether the grammatical role (subject and object) and the implicit causality bias of the verb (subject-
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Table 2. Results of the time course analyses for the time segments following the onset of the verb for the factors implicit
causality consistency (looks to characters with consistent vs. inconsistent implicit causality bias) and
grammatical role (looks to subject vs. object) (df1 > = 1, 31)

Factor
Implicit Causality

Implicit causality consistency Grammatical role Consistency X Grammatical Role
Time segment F1 (n,%) F2 (n,%) F1 (n,%) F2 (n,) F1 (n,) F2 (n,%)
0-300 <1 <1 22.61 (422)™" 31.78 (.506)""" <1 <1
300-600 <1 <1 132.26 (.810)™"  330.90 (914)"" 1.12 (.035) 1.70 (.052)
600-900 <1 1.83 (.056) 494.88 (941)™" 92630 (968)"" <1 4.87 (.136)"
900-1,200 3.27 (.095) 4.94 (.138)" 336.29 (916)"" 736.54 (.960)"" <1 <1
1,200-1,500 8.74 (.220)"” 15.89 (339)™"  62.17 (.667)"" 219.96 (876)™" 237 (.134)" <1
1,500—1,800 4.12 (117" 4.64 (.130)" 6.67 (.177)" 43.44 (584)™" 2.62 (.078) 1.98 (.060)
1,800-2,100 6.22 (.167)" 2.87 (.085)" 1.07 (.033) 5.79 (.158)" 1.30 (.040) 1.17 (.036)
2,100-2,400 5.86 (.159)" 4.73 (132) 1.62 (.050) 435 (.123)" 12.56 (.288)"" 7.63 (.197)"
2,400-2,700 4.63 (.130)" 5.11 (.142)" 9.14 (228)" 20.34 (.396)"" 1.20 (.037) 1.56 (.048)

Note. Numbers in parentheses are effect sizes in 17p2. Effect sizes are not reported when the F values are below 1. Tp < .1; "p < .05;

sk ok

“p < .01; 7 p < .001.

Table 3. Results of the time course analyses for the time segments following the onset of the conjunction koska ‘“because”
for the factors implicit causality consistency and grammatical role (df;, = 1, 31)

Time window after the offset of the conjunction koska ““because”

0-300 ms 300-600 ms 600-900 ms 900-1,200 ms
Implicit causality F1 (1) 4.83" (.135) 3.32" (.097) 1.93 (.059) 2.64 (.078)
consistency F2 (1,%) 5.08" (.141) 2.86" (.085) 3.98" (.113) 3.46" (.100)
Grammatical role F1 (1,%) 14.94™" (325) 9.98"" (.244) 9.45™" (233) 6.62" (.176)
F2 (n,) 13.09™ (.297) 8.817" (221) 11.94™ (278) 7.91" (203)
Implicit Causality F1 (1,7 8.15™" (.208) 6.77" (.179) 1.98 (.060) <1
Consistency X F2 (1) 9.50™" (.235) 8.777 (.220) 2.58 (.077) <1

Grammatical Role

Note. Numbers in parentheses are effect sizes in r]pz. Effect sizes are not reported when the F values are below 1. Tp <

sk

p<.01; "p < .001.

role and implicit causality consistency in both time win-
dows. Simple effects showed that in both time windows
there were more looks to the subject character with sub-
ject-biased than with object-biased verbs denoting an effect
of implicit causality for the subjects (0-300 ms:
t131)=3.14, £2(31)=3.21, ps<.0l; 300-600 ms:
t1(31) =291; R2(31)=2.71; ps <.05), but not for the
objects (all #s < 1). These findings are reported in Table 3
and illustrated in Figure 2.

Results After the Pronoun Onset

The 2 X 2 x 2 ANOVAs were conducted with grammatical
role, implicit causality consistency, and pronoun type (subject
pronoun Adn vs. object pronoun Adnet) as within-participant
and within-item factors. The results again showed a consistent
main effect of grammatical role across all analysis windows,
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1; "p < .05;

depicting an overall preference for the subject antecedent over
the object antecedent. The findings are reported in Table 4 and
illustrated in Figures 3 and 4. We found a main effect of im-
plicit causality consistency in the first time window, that is,
during the pronoun, which disappeared in the next two time
windows (300-600 and 600-900 ms) and reappeared
900 ms after pronoun onset, indicating more looks to the
implicit causality consistent antecedents than inconsistent
antecedents. The main effect of implicit causality was qual-
ified by a marginal interaction with grammatical role in the
last two time windows (600900 and 900-1,200 ms).
Simple effects showed that there were more looks to the
subject character with subject-biased than with object-biased
verbs. This effect was significant in the item analysis in both
time windows but significant by participants in the latter
window only (600-900 ms: ¢1(31)=1.59, p>.12;
231)=2.15 p<.05 900-1,200 ms: ¢1(31) =2.42,
p <.05; 2(31)=3.14, p <.01). There was no effect of

© 2009 Hogrefe Publishing
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Table 4. Results of the time course analyses in Experiment 1 for the time segments following the onset of the pronoun for
the factors. Implicit causality consistency, grammatical role, and type of pronoun (df;, = 1, 31)

Time window after the onset of the pronoun

0-300 ms 300-600 ms 600-900 ms 900-1,200 ms
Implicit causality F1 (1,7 5.19" (.143) 1.39 (.043) <1 5.04" (.140)
consistency F2 (1,%) 7.16" (.188) 1.78 (.054) <1 6.84" (.181)
Grammatical role F1 (1,%) 8.92"" (223) 15.89™"" (.341) 17.78""" (.364) 10.52" (.253)
F2 (n,) 10.98™" (.262) 16.53™"" (.348) 26137 (457) 2627 (459)
Pronoun F1 (npz) <1 <1 <1 <1
F2 (n,%) <1 <1 <1 <1
Implicit Causality Consistency X F1 (npz) <1 1.81 (.055) 3.06" (.090) 2.19*(.066)
Grammatical Role 2 (npz) <1 1.99 (.060) 3.807 (.109) 6.66 (.177)
Implicit Causality Consistency X F1 (11p2) <1 <1 <1 1.07 (.033)
Pronoun F2 (1,%) <1 <1 <1 1.06 (.033)
Grammatical Role x F1 (1) <1 <1 <1 5.63" (.154)
Pronoun F2 (1,%) 1.40 (.043) <1 <1 5327 (.146)
Three-way interaction F1 (npz) <1 1.91 (.158) <1 <1
F2 (n,) <1 1.80 (.055) <1 <1

Note. Numbers in parentheses are effect sizes in npz. Effect sizes are not reported when the F values are below 1. Tp < .1; "p < .05;

“p<.01; 7 p < .001.
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Figure 1. Percentage of looks (out of all looks) to the pictures depicting the subject and object with consistent and

inconsistent implicit causality bias during 0-2,700 ms after
sentence.

implicit causality consistency for the object antecedents
within this region (600900 ms: #s < 1; 900-1,200 ms: ts <
1.5, ps > .16).

We found no effect of pronoun type and no other inter-
actions, except for the expected interaction between pronoun

© 2009 Hogrefe Publishing

the onset of the verb in the main clause of the second

type and grammatical role that was reliable in the 900—
1,200 ms segment. Further analyses showed that the interac-
tion was due to there being significantly more looks to the
object antecedent with the object pronoun hdnet than with
the subject pronoun Adn (¢1(31) =2.16, p <.05;
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Figure 2. Percentage of looks (out of all looks) to the pictures depicting the subject and object with consistent and
inconsistent implicit causality bias during 0-900 ms after the onset of the conjunction (koska) in the subordinate clause of
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Figure 3. Percentage of looks (out of all looks) to the pictures depicting the subject and object with consistent and
inconsistent implicit causality bias during the semantically neutral region (0—1,200 ms) after the onset of the pronoun in
the subordinate clause of the second sentence.

2(31) = 2.03, p = .050) and marginally more looks to the  Dijscussion

subject antecedent with hdn than with  hdnet

(t1(31) = 1.59, p = .12; 2(31) = 1.89, p = .067), indicating ~ The current visual world eye-tracking study is the first to show
an effect of grammatical role parallelism. that implicit causality information is activated immediately
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Figure 4. Percentage of looks (out of all looks) to the pictures depicting the subject and object as a function of
grammatical role (subject and object) and pronoun (hdn and hdnet) during the semantically neutral region (0—1,200 ms)
after the onset of the pronoun in the subordinate clause of the second sentence.

after encountering an implicit causality verb before the pro-
noun, as predicted by the immediate focusing account (Greene
& McKoon, 1995; Koornneef & Van Berkum, 2006;
McKoon et al., 1993; Van Berkum et al., 2007). Clearly,
the early activation of implicit causality information prior
to the pronoun goes against the clausal integration account
which argues that the processor becomes aware of implicit
causality only late after the pronoun when the implicit and
explicit causal information in the main and subordinate
clauses are integrated into a single coherent representation
(Garnham, 2001; Garnham et al.,, 1996; Stewart et al.,
2000).

Interestingly, we observed the effect of implicit causality
even before participants had encountered the causal con-
junction. Thus, it seems that, in contrast to previous studies
which suggested that the effect was dependent on the
presence of the connective because (e.g., Ehrlich, 1980;
Stevenson et al., 1994, 2000), our results are consistent with
evidence suggesting that implicit causality information can
be activated independently of an explicit causal conjunction
(McDonald & MacWhinney, 1995).

Implicit Causality in Pronoun Resolution

We also found an effect of implicit causality consistency
during the presentation of the pronoun (0—300 ms from its
onset). As all looks were included in the data analyses,
the effect of implicit causality in the first time window
may be at least partly due to a lingering spill-over effect

© 2009 Hogrefe Publishing

of the earlier inferred activation of implicit causality. This
is also likely, if we acknowledge that it takes about
200 ms to plan and execute a saccade (Matin, Shao, & Boff,
1993), suggesting that this information was activated before
the pronoun was processed completely. Interestingly, the
main effect of implicit causality was absent in the time win-
dows following the pronoun (300900 ms after pronoun on-
set) and reappeared only after 900 ms from the pronoun
onset. Nevertheless, the interaction between implicit causal-
ity consistency and grammatical role did achieve signifi-
cance in the previous time window (600-900 ms),
indicating an implicit causality effect for the first-mentioned
subject but not for the object.

The interaction indicates that the implicit causality effect
was temporally more pronounced for the subject than for the
object antecedents. Although, this is not the first time that
this asymmetry has been reported (e.g., McDonald &
MacWhinney, 1995; Stewart & Gosselin, 2000; see Long
& DeLey, 2000, for the opposite observation), the issue
merits a brief discussion. Firstly, as suggested by Stewart
& Gosselin (2000), the first-mentioned privilege (e.g.,
Gernsbacher & Hargreaves, 1988) would make it easier to
detect the implicit causality effect with subject- than
object-biasing verbs. Secondly, in our case the first-
mentioned entity was also the subject as well as the shifted
topic of the critical sentence. Earlier research has shown that
a topic shift results in temporarily prolonged reading times
(e.g., Hyona, 1995) and in the subsequent activation of
the new (shifted) topic. As a result, not only is the topical
information highly focused but the information in the

Experimental Psychology 2010; Vol. 57(1):5-16
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preceding sentence is effectively suppressed immediately
following the shifted topic, leading to diminished activation
of the nontopical entity, here the object antecedent (Bestgen
& Vonk, 2000; Vonk, Hustinx, & Simons, 1992). Conse-
quently, the subject is already in focus and thus highly sali-
ent, making it the likely entity to be talked about in the
subsequent discourse in its own right. Thus, it is probable
that this difference in the information status between the
subject and the object was responsible for the interaction
in which implicit causality information affected pronoun res-
olution more consistently when it was congruent with the
overall relative salience of the potential antecedents. This
difference may also have highlighted the main effect of
grammatical role, which was observed in all time windows
and which, in all likelihood, was a combined effect of sub-
jecthood, first-mention, and topicality.

In addition, we did not observe an interaction between
implicit causality information and pronoun type but we
did find an interaction between grammatical role and pro-
noun type, showing an effect of grammatical role parallelism
(Chambers & Smyth, 1998; Smyth, 1994). This indicates
that implicit causality information has the same effect on
pronoun resolution regardless of the type of pronoun
involved. Notably, however, the structural parallelism effect
did not appear earlier than the implicit causality effect, sug-
gesting that the use of implicit causality information need
not be delayed with respect to structural effects like parallel-
ism in pronoun resolution.

Persistence of Implicit Causality

The rapid activation of implicit causality information prior
to the pronoun is in line with the predictions of the focusing
account. However, according to the immediate focusing
account (Greene & McKoon, 1995; Koornneef & Van
Berkum, 2006; Van Berkum et al., 2007) we might have
expected the effect of implicit causality to have been more
persistent immediately following the pronoun. It may be that
the lack of a significant implicit causality effect after the pro-
noun (300-600 ms) was partly masked by the main effect of
grammatical role that was persistent throughout the time
windows: The first-mentioned subject may have acted as a
stronger and more stable cue than implicit causality when
the pronoun was encountered. This would be in accordance
with McDonald and MacWhinney (1995; Experiment 1),
who found that even though implicit causality information
was active at the pronoun, its effect faded following the
pronoun and order-of-mention took priority until the end
of the sentence where the effect of implicit causality reap-
peared. As they suggested, it seems that implicit causality
information is readily available at the pronoun but the time
course of when this information appears as a statistically sig-
nificant factor after the pronoun depends on the strength of
other competing constraints, such as order-of-mention/gram-
matical role.

As the effect of implicit causality was not persistent after
the pronoun, it is not straightforward to view the current
findings as directly supportive of the strongest interpretation

Experimental Psychology 2010; Vol. 57(1):5-16

of the immediate focusing account, which predicts that the
activation of this information automatically renders one of
the antecedents more privileged as a potential referent than
the other(s). Rather, it seems that whether implicit causality
affects ambiguous pronoun resolution immediately depends
on other structural and discourse factors available at the time
when the pronoun is encountered. This result is in line with
both the view of implicit causality as one source of (proba-
bilistic) information affecting referential processing (as sug-
gested by McKoon et al., 1993; McDonald & MacWhinney,
1995), and with incremental integration whereby the dis-
course representation is checked on a word-by-word basis
as the utterance unfolds (Koornneef & Van Berkum,
2006). The findings indicate that implicit causality informa-
tion is not used blindly to focus all referents to the same
extent, instead it is used in accordance with other informa-
tion as the discourse unfolds.

Conclusions

The current study is the first to show that implicit causality
information is inferred and activated as soon as people hear
an implicit causality verb in discourse. Notably, implicit cau-
sality influences attention even before listeners encounter the
conjunction, showing that the activation of implicit causality
information does not depend on the presence of an explicit
trigger, such as the causal connective because. Nevertheless,
although this activation then persists as the discourse
unfolds, implicit causality information may not have a priv-
ileged status as a pronoun resolution cue later in the dis-
course, but may instead interact with, or be temporally
masked by, other strong structural and discourse cues active
during the pronoun.
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