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1 Introduction
Comprehending sentences and discourse involves the use of syntactic, semantic,
and pragmatic sources of information, as well as world knowledge. Consider the
following short text, adapted from a newspaper item:
(1) “A thief that was chased by a grocer in Duesseldorf, because he had just
stolen some fruit that was on display, tried to keep his pursuer at bay by smacking
him with a bunch of bananas. The police found the grocer covered with banana
sludge when they arrived to arrest the thief.”
To understand the first sentence we need to know that “to chase” is a verb that
takes two arguments, in this case a thief and a grocer, and, in order to understand who is chasing whom, it is necessary to understand the particular syntactic
structure in which these arguments appear. The relative clause in the first sentence
“that was chased by a grocer” is in the passive voice, so the person that is chased,
the thief, is mentioned before the person performing the chase, the grocer. In
addition to this syntactic information in the verb phrase, semantic information
is needed like the fact that “to chase” takes two animate arguments, and that a
thief and a grocer are indeed animate. In fact, the semantic knowledge that “to
chase” takes two animate arguments helps to make sense of sentences like “the
police car chased the stolen vehicle,” because it entails that two animate entities
must be involved in the event, for example a policeman and a thief who drive the
inanimate vehicles.
The concept of chasing that is expressed by the verb “to chase” is semantic
knowledge that is necessary to comprehend the sentence. In addition to syntactic
and semantic information, world knowledge is required. An example of world
knowledge is that we know from experience that it is far more likely for thieves
to be chased than to perform the chasing. If the clause stated: “A grocer was
chased by a thief, because he had just stolen some fruit,” then this would have
baffled an attentive reader. First of all, it is remarkable that the thief is doing
the chasing, and, secondly, the suggested causal relation is hard to reconcile
with our world knowledge. The grocer sells fruit, so it does not make sense for
him to steal fruit. On the basis of world knowledge, the causal relation in this
sentence will not be considered plausible. In contrast, the causal relation in the
first sentence of example (1) is perfectly plausible. The fact that someone steals
fruit is a good reason for chasing that person.
In the course of understanding the causal relation in the first sentence of
example (1), the pronoun “he” will be resolved to the thief. World knowledge is
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needed to decide upon the eventual referent of the pronoun, since the pronoun
is ambiguous when it is encountered. The pronoun is marked for third person
singular male gender, and both the thief and the grocer are valid referents for
the pronoun at that point. The first sentence might also have read: “A thief was
chased by a grocer, because he had just been robbed of some fruit.” In that case,
“he” would have referred to the grocer, who is robbed of his fruit. If the sentence
had read: “The girl was chased by the grocer, because she had just stolen some
fruit,” then the pronoun was disambiguated by the gender cue, and the reader
could have used that information. Gender marking is a strong cue for disambiguating the pronoun. However, if the sentence turns out to be illogical with the
disambiguation suggested by the gender cue, then world knowledge will win out
over the gender cue. An example is: “The girl was chased by the grocer, because
he had just stolen some fruit.” The reader will probably conclude that the “he”
should be “she,” rather than accept the illogical statement.
The causal relation in the first sentence of example (1) is marked by the
connective “because.” Syntactically, “because” is a subordinating connective
that connects a main clause and a subordinate clause. Often a subordinate clause
is temporally or causally antecedent to the event described in the main clause
(Jou & Harris, 1990), and this holds true for the first sentence of example (1).
At the semantic level, “because” implies a causal relation between the clauses it
connects, and this information can help speed up the processing of the sentence
(Cozijn, 2000). The causal relation will eventually have to be validated against
world knowledge to comprehend the sentence, even if it is marked with a causal
connective (Noordman & Vonk, 1997).

1.1 Causality and Discourse Processing
The discussion of example (1) illustrates that people use various linguistic as
well as non-linguistic sources of information in language comprehension. One of
the non-linguistic sources of information is causality. Causality is an important
organizing principle of people’s non-linguistic, general world knowledge. The
notion of causality helps us to store information in a way that enables us to
explain past events and predict future events. Humans naturally seek to understand the events they perceive in terms of causes and consequences (Miller &
Johnson-Laird, 1976). The tendency for humans to attribute observed behavior to
external (situational) or internal causes is the basis for classic attribution theory
(Heider, 1958). This theory is the foundation for numerous social-psychological
studies that have shed light on how people use causal knowledge to explain and
predict social behavior (for a review, see Malle, 2004).
That causality is a central category in human cognition is also apparent
in the area of language processing, in particular in the field of discourse processing (Noordman & Vonk, 1998). At an overall level, understanding events
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expressed in discourse largely involves identifying the causes and deriving the
consequences of these events (Van den Broek, 1994). If sentences are part of a
causal chain, they are rated as more important than sentences that are not part
of a causal chain, and the importance ratings of sentences correlate positively
with the number of causal connections the sentences have with other sentences
(Trabasso & Sperry, 1985). Causal-chain events are also recalled better than
non causal-chain events, and as the number of causal connections increases, so
does the probability of recall (Black & Bern, 1981; Trabasso & Van den Broek,
1985). In addition, causally related sentences are read faster than non-causally
related sentences (Haberlandt & Bingham, 1978; Halldorson & Singer, 2002;
Sanders & Noordman, 2000). Finally, as the strength of the causal relationship
increases, causally connected sentences are read faster (Duffy, Shinjo, & Meyers,
1990; Golding, Millis, Hauselt, & Sego, 1995; Keenan, Baillet, & Brown, 1984;
Meyers, Shinjo, & Duffy, 1987). This body of research shows that causality is a
useful notion in explaining how people comprehend discourse.
In the present thesis, research will be presented on the processing of causal
relations expressed in sentences containing interpersonal verbs. Examples
are sentences (2) and (3) that contain the same interpersonal verb, namely “to
bore.”
(2) John bored Pete with the story, because he had already told it a dozen times.
(3) John bored Pete with the story, so he eventually stopped listening to it.
These sentences contain an ambiguous pronoun that has to be resolved. Knowledge
of causal relations between events plays an important role in resolving these
pronouns. It is known from offline research that interpersonal verbs such as “to
bore” may be associated with biases in understanding the interpersonal event
they express, namely, the implicit causality bias and the implicit consequentiality bias. In the case of implicit causality, a specific protagonist is taken to be
the causer of the event, and, in the case of implicit consequentiality, a specific
protagonist is taken to be primarily affected by the consequence of the event.
An ambiguous pronoun will preferably be resolved according to the bias. The
preferred referent of the ambiguous pronoun “he” corresponds to the protagonist
that is taken to be the causer in (2), that is, “John,” and to the protagonist that
is taken to be primarily affected by the consequence of the interpersonal event
in (3), that is, “Pete.” However, the pronoun in sentences (2) and (3) is eventually resolved on the basis of information in the second clause. The referent in
sentence (2) is “John,” since “telling a story a dozen times” is a cause of boring
someone. The referent in sentence (3) is “Pete,” since to “stop listening” is a
consequence of being bored. In sentences (2) and (3), the referent corresponds
with the preferred referent according to the implicit bias. The implicit causality
bias is explained in greater detail in Section 1.2, and the implicit consequentiality
9
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bias is explained in greater detail in Section 1.3.
An important characteristic of causality is that it has a direction. Causes
precede and give rise to effects, but effects do neither precede nor give rise to
causes. Causal relations are therefore said to be asymmetrical (Mackie, 1974).
However, in a discourse, the causal relations can be presented in effect-cause
order, as in sentence (2), or in cause-effect order, as in sentence (3). On the
basis of the first clause and the conjunction “because” in (2), a cause might be
anticipated. On the basis of the first clause and the conjunction “so” in (3), a
consequence might be anticipated. There is some discussion as to whether processing causal relations is easier if the consequence is expressed before the cause
as in (2) or if the cause is expressed before the consequence as in (3). Different
assumptions about this issue are explained in Section 1.4.

1.2 Implicit Causality and Pronoun Resolution
The phenomenon, in understanding interpersonal events, that people prefer to
take a specific protagonist as the causer of the event has first been described by
Garvey and Caramazza (1974), who coined the term implicit causality. They
introduced the sentence completion task as a way to determine the implicit
causality bias. In this task, participants complete sentence fragments like (4).
(4) John bored Pete with the story, because he …
The bias to a protagonist can be expressed as the proportion of participants that
complete the sentence with that protagonist as the causer. For verbs like “to
bore,” a high proportion of participants take the protagonist mentioned first (the
first noun phrase, or NP1) as the causer, for example, “John” when completing
fragment (4). Such verbs have been called NP1-biasing verbs (for short: NP1verbs). In contrast, there are also verbs for which a high proportion of participants take the protagonist mentioned second (the second noun phrase, or NP2) as
the causer, and these have been called NP2-biasing verbs (for short: NP2-verbs).
An example of an NP2-biasing verb is “to distrust” in sentence (5), in which
“Edward” is preferably taken as the causer. In addition to NP1-biasing and NP2biasing verbs, there are also many interpersonal verbs that do not evoke a clear,
implicit causality bias.
(5) David distrusted Edward at the airport, because he had been found to carry
suspicious documents during the inspection.
The implicit causality bias has proved to be a robust phenomenon in offline studies
that have assessed this bias by means of sentence completion tasks and by means
of rating tasks (Rudolph & Försterling, 1997). The bias has been replicated in a
10
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range of different languages in addition to English, including Chinese (Brown &
Fish, 1983), Dutch (Semin & Marsman, 1994; Vonk, 1984; Vonk, 1985), German
(Fiedler & Semin, 1988), Finnish (Järvikivi, Van Gompel, Hyönä, & Bertram,
2005), Italian (Franco & Arcuri, 1990), and Spanish (Goikoetxea, Pascual, &
Acha, 2008).
According to the implicit causality bias, one of the protagonists is the
preferred referent of the pronoun, but this information is not conclusive with
respect to which protagonist the pronoun actually refers to. As indicated in
Section 1.1, world knowledge determines the final referent of the pronoun. For
example, it is world knowledge that discovering that someone carries suspicious
documents is a reason for distrusting that person. This world knowledge may be
used to resolve the pronoun to “Edward” in (5). The information in the second
clauses of sentences (2) and (5) disambiguates the pronoun in such a way that
the final referent is in line with the implicit causality bias. However, the final
resolution of the pronoun may also clash with the implicit causality bias of the
interpersonal verb. This is illustrated in sentences (6) and (7). The verb “to bore”
is an NP1-biasing verb and the verb “to distrust” is an NP2-biasing verb.
(6) John bored Pete with the story, because he had already heard it a dozen
times.
(7) David distrusted Edward at the airport, because he found suspicious documents
during the inspection.
According to the implicit causality bias associated with “to bore,” the preferred
referent for the pronoun in (6) is the NP1, that is, “John,” but the information
in the second clause disambiguates the referent of the pronoun to the NP2, that
is, “Pete.” Similarly, according to the implicit causality bias associated with
“to distrust,” the preferred referent for the pronoun in (7) is the NP2, that is,
“Edward,” but the information in the second clause disambiguates the referent
of the pronoun to the NP1, that is, “David.” The information in the second clause
in (6) and (7) is inconsistent or incongruent with the implicit causality bias.
Garvey et al. (1974) predicted that it would take less time to process congruent
sentences than incongruent sentences. This prediction has been corroborated
in subsequent studies (Caramazza, Grober, Garvey, & Yates, 1977; Garnham,
Oakhill, & Cruttenden, 1992; Gimenes, Guerry, Caplan, & Rigalleau, 2006;
Vonk, 1985). This effect was termed the (implicit causality) congruency effect or
consistency effect. An early example of such research is Caramazza et al. (1977),
who presented participants with sentences like (8) and (9). The verb “to scold”
is an NP2-biasing implicit causality verb. Sentence (8) is congruent with the
implicit causality bias, and sentence (9) is incongruent with the bias.
(8) Tom scolded Bill, because he was annoying.
11
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(9) Tom scolded Bill, because he was annoyed.
Participants had to name out loud the protagonist that was the appropriate referent
for the pronoun. The naming times for incongruent sentences such as (9) were
longer than for congruent sentences such as ().

1.3 Implicit Consequentiality and Pronoun Resolution
As indicated above, in addition to a bias regarding which protagonist is taken to
be the causer of an interpersonal event, there is a bias regarding which protagonist is primarily affected by the consequence of an interpersonal event. This bias
was first reported by Au (1986), and, as mentioned above, has been referred to
as the implicit consequentiality bias (Garnham, 2001). Au presented participants
with fragments like (10) and (11).
(10) John feared Mary, so …
(11) John amused Mary, so …
Fragments like (10) were typically completed with reference to “John,” for
example “he did not dare to come to the party,” whereas fragments like (11)
were typically completed with reference to “Mary,” for example “she laughed
heartily.” As with implicit causality, there are interpersonal verbs that evoke an
NP1 bias, such as “to fear,” an NP2 bias, such as “to amuse,” or no bias at all. A
single verb can be associated with both an implicit causality bias and an implicit
consequentiality bias. However, if a particular verb is associated with one type
of implicit bias, this does not imply that it is associated with the other type of
implicit bias as well.
The same congruency effect that occurs for implicit causality sentences was
found for implicit consequentiality sentences. Stewart and colleagues (Stewart,
Pickering, & Sanford, 1998) replicated the implicit consequentiality phenomenon
reported by Au by means of a sentence completion experiment. In addition, they
reported a self-paced reading experiment, which used sentences like (12) and
(13). Instead of the connective “so,” Stewart et al. used the connective “because”
in sentence-initial position. By using “because” in sentence-initial position, it is
possible to first describe a cause and signal an upcoming consequence. The verb
“to dread” is an NP2-biasing implicit consequentiality verb.
(12) Because Harold dreaded Justin, he steadfastly refused to go back to school.
(13) Because Harold dreaded Justin, he was told to try acting less aggressively.
Sentence (12) is congruent with the implicit consequentiality bias associated with
“to dread,” whereas sentence (13) is incongruent with this implicit consequenti12
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ality bias. Stewart et al. used sentences with ambiguous pronouns (like (12) and
(13)) and sentences in which the pronoun could be disambiguated with the help
of a gender cue. They found evidence of a congruency effect for sentences with
ambiguous pronouns but not for sentences with a gender cue.

1.4 Understanding Causal Relations: the Iconicity Assumption and
the Explanation Assumption
Implicit consequentiality and implicit causality differ with respect to whether the
direction of causality is forward or backward. Implicit consequentiality information can be used to anticipate aspects of the consequence, namely which protagonist is primarily affected by an interpersonal event. This follows the direction
of causality forward: from cause to consequence. In contrast, implicit causality
information can be used to anticipate aspects of the cause, namely which protagonist is the causer of an interpersonal event. This goes against the direction of
causality: from consequence to cause.
Theories of discourse processing make different predictions about people’s
general approach to processing causal relations in a discourse. Some theories
predict that it is easier to understand causal relations if the first clause expresses
the cause and the second the consequence (cause-consequence order) than if the
first clause expresses the consequence and the second the cause (consequencecause order). Other theories predict exactly the opposite, namely that understanding causal relations is easier if the causal relation is expressed in consequencecause order than if it is expressed in cause-consequence order.
Discourse processing theories that adopt the iconicity assumption (Bever,
1970; Clark, 1971; Haiman, 1980) predict that it is easier to understand a causal
relation between two events if they are expressed in cause-consequence order
than if they are expressed in consequence-cause order, all other things being
equal. In linguistics and psycholinguistics, iconicity means that our experience
of the world is reflected in the structure of language, resulting in a mapping
between meaning and linguistic form. The iconicity assumption in language
processing was formulated as follows by Zwaan, Madden, and Stanfield (2001):
“Comprehenders assume that the order in which events are reported in language
matches their chronological order” (p.79). One of the language comprehension
“strategies” described in Clark and Clark (1977) amounts to applying iconicity:
“Look for the first of two clauses to describe the first of two events, and the
second clause the second event, unless they are marked otherwise” (p.78). The
basis for the iconicity assumption is the fact that events are often described
in the order in which they occur in the world (Diessel, 2008; Segal, Duchan,
& Scott, 1991). Eve Clark (1971) found evidence for the iconicity assumption in the language comprehension of very young children. These children
often misinterpret a sentence with “after” as in (14) to mean that the boy first
13
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jumped the fence before patting the dog. In other words, for these children
the iconicity assumption wins out over the information in the connective.
(14) The boy jumped the fence after he patted the dog.
Several studies on online language processing also provided evidence for the
iconicity assumption (Mandler, 1986; Münte, Schiltz, & Kutas, 1998; Murray,
1997). Mandler (1986) found that the order of mention (iconic versus non-iconic)
influenced the processing speed of sentences that express an arbitrary temporal
relation, but not of sentences that express a causal relation. However, Murray
(1997) shows that misplacement of connectives that indicate arbitrary temporal
relations and causal relations both disrupt processing in the same way. Murray
interprets his results as evidence that readers exploit the iconicity assumption
across the board, not only for sentences expressing a specific relation, such as
an arbitrary temporal relation. Fenker and colleagues (Fenker, Waldmann, &
Holyoak, 2005) used a symbolic-connectionist model of relational inference
and generalization called LISA (Hummel & Holyoak, 2003) to predict that the
recognition of a sentence expressing a causal relation is easier if the cause is
presented prior to the consequence than if the cause is presented after the consequence. This prediction was tested in an experiment in which participants had to
decide whether there was a causal relation between a pair of words expressing
two events, for example, “spark” and “fire” (Fenker et al., 2005). Participants
were faster in deciding on the existence of a causal relation if the cause appeared
before the consequence (spark-fire), than if the consequence appeared before
the cause (fire-spark). In a free association task, which served as a control for
the association strengths between the words, participants were equally likely to
produce the word expressing the cause when presented with the word expressing the consequence, as they were to produce the word expressing the consequence when presented with the word expressing the cause. The results reported
by Fenker et al. provide evidence that knowledge of the direction of causality
influences the recognition of causal relations (see also Waldmann, Hagmayer,
& Blaisdell, 2006) and are in line with evidence from discourse processing
studies that support the iconicity assumption (Mandler, 1986; Münte et al., 1998;
Murray, 1997).
A theory that makes predictions different from those of theories based on the
iconicity principle is the constructionist theory of discourse processing (Graesser,
Singer, & Trabasso, 1994). According to this theory, it is easier to understand a
causal relation between two events if they are expressed in consequence-cause
order than in cause-consequence order, all other things being equal, because the
theory assumes that discourse processing is guided by the search-after-meaning
principle. An assumption that follows from the search-after-meaning principle is
the explanation assumption: “The reader attempts to explain why actions, events,
14
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and states are mentioned in the text. These explanations involve naïve theories of
psychological and physical causality in an effort to achieve coherence in understanding” (Graesser et al., 1994, p. 372). This aspect of the constructionist theory
is supported by evidence that causal antecedent inferences are generated online,
whereas causal consequence inferences are not (Magliano, Baggett, Johnson,
& Graesser, 1993). A causal antecedent inference is an inference that is “on a
causal chain (bridge) between the current explicit action, event, or state, and the
previous passage context” (Graesser et al., 1994, p. 375). A causal consequent
inference is an inference that is “on a forecasted causal chain” (Graesser et al.,
1994, p. 375). For example, Magliano et al. (1993) presented participants with
short narratives, which contained passages like (15).
(15) A thirsty ant went to the river. It became carried away by the rush of the
stream.
A causal antecedent inference would be that the ant had fallen into the river.
A causal consequence inference would be that the ant drowned. In a questionanswering task, other participants were asked “Why?” to elicit antecedents and
“What happens next?” to elicit consequences after reading passages like (15).
The lexical decision targets for antecedents and consequences were selected in
such a way that the antecedent target was an equally likely answer to the “Why?”
question as the consequence target to the “What happens next?” question (.30
and .26). Magliano et al. found that reaction times to lexical decision targets
were faster if the target was related to a causal antecedent inference (e.g., fell)
than if the target was not related to the text. Reaction times to lexical decision
targets relating to a causal consequence inference (e.g., drown) were not faster
than lexical decision targets that were not related to the text. This is evidence
that causal antecedent inferences are made online, whereas causal consequence
inferences are not.
However, other researchers did find evidence for the online generation of
causal consequences (e.g., Van den Broek, 1990). Magliano et al. argue that
their own material possibly did not provide sufficient contextual constraints to
elicit consequence inferences, and Graesser et al. observe that “a causal consequence inference is likely to be generated on-line if it is highly constrained by
context and there are few if any alternative consequences that would be likely to
occur” (Graesser et al., 1994, p. 382). Nevertheless, according to the explanation
assumption, if both the cause and the consequence are highly predictable, there
should still be a preference for processing causal relations in consequence-cause
order rather than in cause-consequence order. A preference for retrieving causes
contradicts the iconicity assumption, which states that people generally expect
events in the text to follow the same order as events in the world as we experience them through our senses.
15
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In the present thesis, experiments are reported that use sentences containing interpersonal verbs with an implicit causality bias as well as sentences containing interpersonal verbs with an implicit consequentiality bias. The implicit
causality sentences express causal relations in consequence-cause order, whereas
the implicit consequentiality sentences express causal relations in cause-consequence order. Differences between processing implicit causality and implicit
consequentiality sentences might be explained in terms of the iconicity assumption or the explanation assumption.

1.5 Additional Sources of Information Affecting Pronoun Resolution
Example (1) served to illustrate that comprehension involves various sources of
information. The previous paragraphs discussed sources of information that are
relevant to understanding causality. However, the resolution of the pronouns in
sentences like (2) and (3) will also be influenced by other sources of information,
most notably structure-related sources of information. Three structure-related
sources of information are the subject preference, the first-mention preference,
and the parallel function strategy. The subject preference and the parallel function
strategy are related to syntactic structure, and the first-mention preference is
related to sequential, non-syntactic structure.
The subject preference is a preference for assigning the referent of a pronoun
to the subject of the preceding sentence (Crawley, Stevenson, & Kleinman, 1990;
Frederiksen, 1981; Gordon, Grosz, & Gilliom, 1993; Hobbs, 1979; Järvikivi et
al., 2005; Kameyama, 1996). Hobbs found that, in written texts, the subject is
the referent in about 90% of the cases, and in dialogues about 75% of the cases
(Hobbs, 1976; Hobbs, 1979), so a preference for favoring the subject as referent
for a pronoun would be very effective. Kameyama (1996) presented informants
with the following sentences:
(16a) John kicked Bill. Mary told him to go home.
(16b) Bill was kicked by John. Mary told him to go home.
The majority of informants preferred “John” as the referent for “him” in sentence
(16a). In contrast, the majority preferred “Bill” as the referent for “him” in (16b).
The sentences express the same content, but in a different voice, and the voice
determines whether “John” or “Bill” occurs in subject position. The preferred
protagonist was the one occurring in subject position. This kind of evidence
inspired researchers to hypothesize that grammatical subjects are more salient
in the mental model of a discourse than other grammatical roles in the sentence
(Brennan, Friedman, & Pollard, 1987; Kameyama, 1996; Kameyama, 1998).
This hypothesis is supported by evidence from sentence production studies that
show that subject references are more likely to be pronominalized than other
16

Introduction
references (Van Vliet, 2008: p. 125), as well as by studies of online language
processing (Gordon et al., 1993; Järvikivi et al., 2005). Gordon and colleagues
showed that there is a processing penalty for repeating the subject with a full
name, but no penalty for repeating entities realized in other positions.
Another entity that has proved to play a prominent role in language processing is
the first-mentioned protagonist (Carreiras, Gernsbacher, & Villa, 1995; Chang,
1980; Gernsbacher & Hargreaves, 1988; Gernsbacher, 1989; Gernsbacher, 1990;
Gernsbacher, Hargreaves, & Beeman, 1989; McDonald & Shaibe, 2002; Neath
& Knoedler, 1994). The protagonist mentioned first is more accessible in the
mental model of a discourse than the protagonist mentioned later, and this has
been referred to as the first-mention advantage. One of the effects of the accessibility of the first-mentioned protagonist is that it is a preferred referent for a
subsequent pronoun.
In English and Dutch, the first-mentioned protagonist in a clause is often also
the subject of that clause, so a first-mention preference will often accompany the
subject preference, and first mention and subjecthood are confounded in many
studies. Gernsbacher and Hargreaves (1988) tried to tease apart the influence of
first mention and subjecthood. They presented sentences with a conjoined subject,
like (17a), and sentences with a non-conjoined subject, like (17b). In (17a) both
protagonists share the subject role, whereas in (17b) the first-mentioned protagonist is the subject.
(1a) Tina and Lisa argued during the meeting.
(17b) Tina argued with Lisa during the meeting.
If subjecthood is the dominant factor, then it should attenuate or completely extinguish the effect of first mention in (17a). Instead, Gernsbacher and Hargreaves
found that, in sentences like (17a), the first-mentioned protagonist “Tina” is more
accessible than the second-mentioned protagonist “Lisa,” and that this effect is
equally strong in (17a) and in (17b).
The first-mention advantage has been replicated in languages other than
English, such as Spanish (Carreiras et al., 1995) and Korean (Kim, Lee, &
Gernsbacher, 2004). Gernsbacher et al. (1989) argue that first-mentioned protagonists are more accessible, because they make up the foundation for the
sentence-level representation.
The importance of subjecthood and first mention is widely acknowledged
in the psycholinguistic literature. Gordon and Hendrick (1998) state that “the
syntactic and sequential structure of language strongly influence mental representation in the discourse model which in turn influences the interpretation of
referring expressions in linguistic input” (p. 390). Subjecthood and first mention
not only influence the pronoun processing of adults, but also that of young
children. Song and Fisher (2005) showed that children as young as three years
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old have a tendency to interpret pronouns as referring to a protagonist that is both
the subject and the first-mentioned entity.
Another source of information that influences pronoun resolution is the
parallel function strategy identified by Sheldon (1974). This is a preference for
interpreting pronouns as coreferent with antecedents that have the same grammatical role (Grober, Beardsley, & Caramazza, 1978; Sheldon, 1974; Smyth,
1994). Smyth (1994) gives the following examples:
(18a) William hit Oliver and he slapped Rod.
(18b) William hit Oliver and Rod slapped him.
According to the parallel function strategy, the preferred referent for the pronoun
in subject position in the coordinate clause in (18a) is the subject in the main
clause, that is, “William.” The preferred referent for the pronoun in object
position in the coordinate clause in (18b) is the object in the main clause, that
is, “Oliver.” A number of studies show that this preference influences online
language processing (Chambers & Smyth, 1998; Smyth, 1994). Smyth argues
that the strength of the preference is a function of the parallelism of the overall
constituent structure of the clauses. In (18a) and (18b), the constituent structures
are highly parallel, and a parallel function preference prevails. In contrast, the
constituent structures in sentence (16a) are not highly parallel, and the subject
preference is vigorous. Research has shown that the parallel function strategy
is stronger for subject pronouns than for non-subject pronouns (Smyth, 1994;
Stevenson, Nelson, & Stenning, 1995).
Because the parallelism preference takes the position of the pronoun into
account, this preference can only come into play if the pronoun is encountered
in the discourse. The subject preference and the first-mention preference may
influence the prominence of protagonists in the mental model of a discourse
before the pronoun is encountered.

1.6 The Topic of This Thesis
A number of different sources of information have been sketched out that are
used in language comprehension. The topic of this thesis is the time course of
the use of implicit causality information and implicit consequentiality information in language comprehension. This question is addressed using sentences that
contained an interpersonal verb associated with an implicit causality bias, see
(2) repeated below as (19), or an implicit consequentiality bias, see (3) repeated
below as (20), and an ambiguous pronoun. The verb “to bore” is associated
with an NP1 implicit causality bias and an NP2 implicit consequentiality bias.
Sentences (19) and (20) are congruent with the implicit bias.
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(19) John bored Pete with the story, because he had already told it a dozen
times.
(20) John bored Pete with the story, so he eventually stopped listening to it.
Sentences with interpersonal verbs have several interesting characteristics. First
of all, interpersonal verbs express events involving two human protagonists, and
people have a strong tendency to explain human behavior. It has been argued
that one major social function of language is to give reasons for actions (Dakin,
1970) and, without doubt, the capacity to explain human behavior is important
for our social functioning (Malle, 2004). Understanding the causes and consequences of the events expressed by interpersonal verbs depends on the same
causal knowledge involved in “explaining” and “giving reasons” for human
behavior. Second, there is an extensive body of research on implicit causality, in
offline studies (for a review, see Rudolph et al., 1997) as well as in online studies
(for a review, see Garnham, 2001). This research shows that implicit causality
is a robust phenomenon that influences language comprehension offline as well
as online. However, as explained in the subsequent Section, an important detail
about when this bias influences language processing has remained unclear.
1.6.1 The Focusing Hypothesis and the Integration Hypothesis
The question at what moment in time implicit causality starts to influence online
language comprehension is still highly debated in the implicit causality literature. There are essentially two competing hypotheses on this issue: the focusing
hypothesis and the integration hypothesis (Garnham, 2001). The focusing
hypothesis states that implicit causality information can be used as soon as the
verb and its arguments have been processed. The implicit causality information will bring a particular protagonist into focus in the representation of the
discourse, and this protagonist will be the preferred referent for an ambiguous
pronoun in a subsequent clause. According to the focusing hypothesis, the effect
of implicit causality can occur as soon as the verb “to bore” and its arguments
have been processed in (19).
The integration hypothesis states that implicit causality will not influence
the processing of the sentence until information is received that can be used to
disambiguate the pronoun “he” in (19). The second clause that provides this
disambiguating information in (19) may also be referred to as the disambiguating clause. At its earliest, the pronoun in (19) can be disambiguated at the word
“told” in the second clause, so no effect of implicit causality is expected before
encountering “told,” according to the integration hypothesis. Summarizing, the
focusing hypothesis predicts an early use of implicit causality information, and the
integration hypothesis predicts a late use of implicit causality information. These
two hypotheses are equally relevant to the time course of the use of implicit consequentiality information, but since the hypotheses were proposed and tested in
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the implicit causality literature, they are discussed here with reference to implicit
causality. Both hypotheses are compatible with the congruency effect reported in
the literature that was mentioned above in the discussion of the implicit causality
phenomenon (Caramazza et al., 1977; Garnham et al., 1992; Vonk, 1985).
Several studies have investigated the time course of the use of implicit
causality information and whether the best explanation of this time course is
provided by the focusing hypothesis or by the integration hypothesis (Garnham,
Traxler, Oakhill, & Gernsbacher, 1996; Koornneef & Van Berkum, 2006; Long &
De Ley, 2000; McDonald & MacWhinney, 1995; Stewart, Pickering, & Sanford,
2000; Vonk, 1985). Researchers have not always used the terms focusing and
integration. The immediacy hypothesis (Vonk, 1985), the anticipation account
(McDonald et al., 1995), the focusing account (Stewart et al., 2000), and the
immediate focusing or “truly” proactive anticipation account (Koornneef et
al., 2006) have all been grouped under the term focusing hypothesis here. The
incremental integration account and the clausal integration acount (Koornneef
et al., 2006), which are sometimes referred to as retroactive accounts (Garnham,
2001; Koornneef et al., 2006), have been grouped under the term integration
hypothesis.
An early study that investigated how soon implicit causality affects language
processing is presented in Vonk (1985). This study manipulated the position of
the disambiguating clause and the congruency of the disambiguating clause in
addition to the type of implicit causality (NP1 bias/NP2 bias). The position of
the disambiguating clause was manipulated by introducing a clause containing
information that was neutral with respect to solving ambiguous pronouns in the
experimental material. An example of a neutral clause is the subordinate clause
in “Henry lost the match to Albert, because he wore new shoes.” Wearing new
shoes can be an advantage, for example, because they have better grip, or a disadvantage, for example, because they hurt. In the experiment reported by Vonk,
the disambiguating clause was either the second clause, in which case it directly
followed the main clause, as in (21), or it was the third clause, in which case it
was preceded by the neutral clause, as in (22). The verb “to lose” is associated
with an NP1 implicit causality bias
(21) Henry lost the match to Albert, because he played carelessly and because he
wore new shoes.
(22) Henry lost the match to Albert, because he wore new shoes and because he
played carelessly.
Sentences (21) and (22) are examples of congruent items, because “to lose” is
an NP1-biasing verb, and playing carelessly is a reason for the NP1 “Henry” to
lose the match. An incongruent disambiguating clause would be “because he
played skillfully,” since a reason for “Henry” to lose is the skillful play of the
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NP2 “Albert.” If participants commit to a reading of the ambiguous pronoun
that is in line with the implicit causality bias, the congruency effect should be
larger if the disambiguating clause is presented as the third clause than if it is
presented as the second clause. The idea is that, if participants initially favor the
referent suggested by the implicit causality bias, they need time to reorganize the
representation of the first two clauses if an incongruent disambiguating clause is
presented in the third clause. Vonk found that the congruency effect was indeed
larger if the disambiguating clause was presented in third position than if it was
presented in second position. This can be interpreted as evidence for the focusing
hypothesis. However, Vonk’s results only provide indirect evidence, in the sense
that the effect of implicit causality was measured downstream from where it was
assumed to occur. The effect was assumed to occur before the disambiguating
information was presented and was measured by the size of the congruency effect
that occurred between congruent and incongruent disambiguating clauses.
McDonald and MacWhinney (1995) were the first to study the issue of the
time course of the use of implicit causality information in a more direct way. They
used a cross-modal probe word recognition technique, in which sentences were
presented aurally, and proper name probes were presented visually. Sentence (23)
is an example of an item in their study. The verb “to amaze” is associated with an
NP1 implicit causality bias, and sentence (23) is congruent with this bias.
(23) Gary amazed Alan time after time, because he was so talented.
Proper name probes were presented 100 milliseconds after the second protagonist, immediately after the pronoun, 200 milliseconds after the pronoun, or
immediately after the sentence. The probe was the name of the first protagonist
for one half of the sentences in a particular condition (NP1 bias or NP2 bias),
and it was the name of the second protagonist in the other half. McDonald and
MacWhinney found evidence that implicit causality information is used immediately after the pronoun. Reaction times to probes 200 ms after the pronoun were
faster for NP1 probes than for NP2 probes in the NP1-bias condition and equally
fast in the NP2-bias condition. Their interpretation is that the first-mention preference and the implicit causality bias add up in the NP1-bias condition and that
these sources of information average out in the NP2-bias condition. This supports
the focusing hypothesis.
Garnham, Traxler, Oakhill, and Gernsbacher (1996) also used the probe
word technique to study the time course of the use of implicit causality information. They presented sentences and proper name probes visually. For the experimental items, the probe was the name of one of the two protagonists. Probes
were presented before the pronoun, after the pronoun, or following the sentence.
In their results, the effect of implicit causality was limited to a congruency effect
that occurred at the end of sentences containing ambiguous pronouns. No effect
21

Chapter 1
of implicit causality was found in sentences with a gender cue. On the basis of
these results, the focusing hypothesis was rejected by Garnham et al. (1996).
They did not make any reference to the earlier evidence by McDonald and
MacWhinney (1995) that supported the focusing hypothesis. In a review chapter,
Garnham (2001) points to the fact that MacDonald and MacWhinney (1995)
used only congruent sentences in their experiments, so implicit causality was a
very reliable cue, and it is possible that this prompted participants to use implicit
causality early. Garnham argues that implicit causality information is not used
early if it is not a reliable cue, for example, in experiments with a fifty-fifty distribution of congruent and incongruent items. This is supported by the results of
Garnham et al. (1996) and Stewart, Pickering, & Sanford (2000), which showed
a late effect of implicit causality but no early effect of implicit causality.
Stewart et al. (2000) used the self-paced reading method to study the time
course of the use of implicit causality information. They deliberately refrained
from using the probe word recognition task that had been used in a number of
early online studies on implicit causality (Garnham et al., 1996; Long et al.,
2000; Greene & McKoon, 1995; McDonald et al., 1995; McKoon, Greene, &
Ratcliff, 1993). Their two main concerns about the probe word recognition task
were that it interrupts sentence processing and that it evokes a response strategy.
There is evidence that the probe word recognition technique evokes a strategy
to keep track of the words that are likely to be probed (Gordon, Hendrick, &
Foster, 2000). Due to the concerns with the probe word recognition task, the
reliability of the results obtained with this task is under discussion. Stewart et
al. (2000) conclude that reading-time measures, such as the self-paced reading
method they employed, are more appropriate for the purpose of studying the time
course of the use of implicit causality information. In their experiments, they
manipulated the type of implicit causality (NP1 bias or NP2 bias), the form of
the referring expression (pronoun or full proper name), the presence of a gender
cue (present or absent), and the congruency of the subordinate clause (congruent
or incongruent).
In their first experiment, participants were presented with sentences as a
whole; in the other three experiments, participants were presented with sentences
in two fragments. The first fragment was up to and including the referring expression, and the second fragment consisted of the remainder of the sentence. For
example, the sentence “Daniel apologized to Arnold profusely, because he had
been behaving selfishly” was split into the two fragments “Daniel apologized to
Arnold profusely, because he” and “had been behaving selfishly.” In conditions
in which the referring expression was a full proper name or in which a gender
cue disambiguated the pronoun, it was expected that a congruency effect would
manifest itself in the reading times of the first fragment. However, no congruency
effect was found in the reading times of the first fragment. Congruency effects
were only found in the reading times of the second fragment. This congruency
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effect was found regardless of the type of referring expression, in contrast to
the results obtained by Garnham et al. (1996), who did not find a congruency
effect in the gender cue condition. Stewart et al. concluded that their results
supported the integration hypothesis, because the congruency effect was limited
to the second fragment.
Stewart et al. (2000) overlooked an important fact about the integration
hypothesis. If the form of the referring expression can be used to determine
its referent, then the integration hypothesis predicts that an effect of congruency should occur at the referring expression, because the form of the referring
expression provides explicit information about the causer. Garnham et al. (1996)
derived the following predictions from the integration hypothesis: “When the
pronoun cannot be resolved from its morphology, information about its congruity
becomes available only toward the end of the subordinate clause and, thus,
congruity effects can manifest themselves only when the end of the clause is
read. However, when the form of the pronoun determines its referent, and hence
whether the subordinate clause is congruent with the bias of the previous verb,
congruity effects, or more likely referent effects, should manifest themselves at
that point” (pp. 521-522). The second prediction was substantiated neither by
Garnham et al. (1996) nor by Stewart et al. (2000). Garnham et al. did not find
any congruency effect when the form of the pronoun determined the referent.
Stewart et al. did find a congruency effect when the form of the pronoun determined the referent, but only late, in the second clause.
The results from Stewart et al. (2000) may be taken to suggest that implicit
causality is only used during sentence final clause integration, when sufficient
information about the events has been expressed in the clauses to establish the
relation. If participants are presented with a sentence such as “Daniel apologized to Arnold profusely, because he had been behaving selfishly,” they only
use implicit causality when integrating “behaving selfishly” with the preceding
fragment. Koornneef and Van Berkum (2006) argued that this would set implicit
causality information apart from a wide range of other sources of information
that have been found to influence the language comprehension process rapidly.
An example is the N400 effect in ERP research (for a review, see Kutas & Van
Petten, 1994). This effect occurs as soon as participants read an anomalous noun
in a sentence, such as the noun “socks” in the sentence “He spread the warm
bread with socks” (Kutas & Hillyard, 1980). Another example of the rapid use of
linguistic information is the direct influence of semantic constraints of a verb on
the language comprehension process, such as the constraint that the verb “to eat”
can only take an edible object (for a review, see Altmann & Kamide, 2004).
There are reasons to doubt the results obtained by Stewart et al. (2000). They may
have failed to detect a congruency effect on the first fragment, because the effect
spilled over to the second fragment. Spill-over effects in reading occur when a
participant starts to read a new word while still processing the previous word
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(Just, Carpenter, & Woolley, 1982). These effects have been found in self-paced
reading studies and in eye-tracking studies (Rayner, 1998; Sanford & Garrod,
1989). Splitting sentences into two large fragments also makes it more difficult
to detect small differences in reading times. When the reading times increase,
the variance also increases, leaving little statistical power to detect small reading
time differences.
Koornneef and Van Berkum (2006) set out to investigate whether implicit
causality is used early, or only late, during sentence final clause integration.
They performed a word-by-word self-paced reading task and an eye-tracking
experiment. These methods have a high temporal resolution and can be used to
detect smaller differences in reading times than the coarse-grained self-paced
reading task used by Stewart et al. (2000). Koornneef and Van Berkum presented
sentences that contained a gender cue, and they manipulated the congruency
of the second clause. A congruency effect was predicted to occur at or shortly
after reading the pronoun in sentences like (24) and (25). To be able to detect
spill-over effects, at least five words following the pronoun were held constant.
In sentences (24) and (25), a possible spill-over effect might be detected in the
reading times of the words “had been able to complete the difficult assignment
with.” The verb “to praise” is an NP2-biasing verb. Sentence (24) is congruent
with the implicit causality bias, and sentence (25) is incongruent with this bias.
(24) Linda praised David because he had been able to complete the difficult
assignment with very little help.
(25) David praised Linda because he had been able to complete the difficult
assignment with her help only.
Koornneef and Van Berkum found an effect of implicit causality shortly after the
gender-disambiguated pronoun in both their experiments. They used a fifty-fifty
distribution of congruent and incongruent items, so their results could not be
attributed to a strategy induced by the dominant use of congruent items. These
results, that are further supported by an ERP study using the same materials (Van
Berkum, Koornneef, Otten, & Niewland, 2007), showed that implicit causality
can be used before the end of the sentence, before the clauses are integrated using
world knowledge. However, the integration hypothesis is still compatible with
their results, because their sentences contained a gender cue that could be used to
disambiguate the pronoun. Despite this fact, Koornneef and Van Berkum argue
that their results follow more naturally from the focusing hypothesis, because
this hypothesis readily explains why implicit causality information is available
for initial pronoun resolution: Implicit causality is used to focus a particular
protagonist.
In summary, implicit causality can rapidly influence language comprehension as evidenced by Koornneef and Van Berkum (2006), but it remains unclear
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whether implicit causality is actually used to highlight a specific protagonist
in the mental model of a discourse, as predicted by the focusing hypothesis.
Previous studies on the time course of the use of implicit causality information
have only provided indirect evidence for the focusing hypothesis (Vonk, 1985),
have obtained mixed evidence with the probe word recognition task (Garnham
et al., 1996; Long et al., 2000; McDonald et al., 1995), have used a method with
inadequate power and temporal resolution (Stewart et al., 2000), or were unable
to dissociate between the focusing and the integration hypothesis because of the
use of unambiguous pronouns (Koornneef et al., 2006; Stewart et al., 2000). For
these reasons, the focusing versus integration issue has remained undecided.
1.6.2 The Visual World Method
To be able to shed more light on the focusing versus integration issue, it is
necessary to use a method that has a high temporal resolution, that is sensitive to
semantic language processing, that is unobtrusive, and that allows for the study
of ambiguous pronoun processing. A method that meets these requirements is
the visual world method. Cooper (1974) pioneered this method by demonstrating that participants spontaneously directed their eyes to entities in their visual
field that were related to spoken language that was presented together with these
entities. He simultaneously presented slides with nine black and white drawings
of common entities (e.g., a dog, a camera, a pipe, or a tree) and stories in which
these entities were referenced. Participants looked at a slide region more often
if it was occupied by an entity that was referred to in the story, than if it was
occupied by an entity that was not referred to in the story.
Tanenhaus and colleagues (Eberhard, Spivey-Knowlton, Sedivy, &
Tanenhaus, 1995; Tanenhaus, Spivey-Knowlton, Eberhard, & Sedivy, 1995)
revived the method twenty years later with a series of experiments that showed
that participants’ eye-movements to real objects were closely time-locked
to instructions involving these objects. In one experiment, participants were
presented with objects differing in their marking, color, and shape, together with
instructions like “Touch the starred yellow square.” As soon as the properties
uniquely identified an object, participants started launching eye movements to
that object. This could be at the adjective “starred,” if there was only one object
marked with a star, at the adjective “yellow,” if there was only one starred object
with a yellow color, or at the noun “square,” if there was only one starred yellow
object with a square shape. The studies by Cooper (1974) and Tanenhaus et al.
(1995) provided evidence that real-time spoken language comprehension was
mirrored in the participants’ eye-movements, and, therefore, that the visual world
method was sensitive to semantic language processing.
Following Tanenhaus et al. (1995), a wide range of studies have successfully
used the visual world method to study language comprehension (for a review,
see Henderson & Ferreira, 2004). A number of these studies have investigated
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ambiguous pronoun resolution, showing that it is a viable method for studying the
initial resolution of ambiguous pronouns (Arnold, Eisenband, Brown-Schmidt,
& Trueswell, 2000; Järvikivi et al., 2005; Sekerina, Stromswold, & Hestvik,
2004; Venditti, Stone, Nanda, & Tepper, 2002). Järvikivi et al. (2005) studied
the role of first mention and subjecthood in the initial resolution of ambiguous
pronouns. They presented participants with sentences like “Tony Blair shook
hands with George Bush in the White House. He wanted to discuss the situation
in Iraq.” The pronoun “he” could not be resolved on the basis of the information in the second sentence, which was neutral. The sentences were presented in
Finnish, a language that marks the direct object, that is, “George Bush,” with an
affix. This affix can be used to change the word order from subject-verb-object
(SVO) to object-verb-subject (OVS) by placing the affixed direct object, that is,
“George Bush,” at the beginning of the sentences. With neutral intonation, these
sentences can be seen as exchangeable ways of conveying identical information.
Because the word order was manipulated using case marking, the influence of
subjecthood and first mention could be dissociated.
The results showed that participants made a higher percentage of first
visits to the subject entity than to the object entity in the first sentence, after
they had heard the pronoun in the second sentence. Participants also made a
higher percentage of first visits to the first-mentioned protagonist than to the
second-mentioned protagonist. The effect of grammatical role and first mention
occurred independently of each other (there were two main effects, but no interaction effect), which is evidence that the subject preference and the first-mention
preference act as independent sources of information. Even though the pronoun
could not be resolved on the basis of the information in the sentence, the results
showed that the subject is a more salient referent than the object, as measured
by the percentage of first visits, and that both the subject and the object are more
salient if they are mentioned first.
1.6.3 Research Questions and Thesis Overview
As explained in the above, the topic of this thesis is the time course of the use
of implicit causality information and implicit consequentiality information in
language comprehension. More specifically, the following two research questions
are addressed in this thesis:
What is the time course of the use of implicit causality information? (Chapter 3)
Is implicit causality information used early, before explicit information that
allows establishing the causer of the interpersonal event is available, as predicted
by the focusing hypothesis, or is it only used late, when explicit information that
allows establishing the causer of the interpersonal event is available, as predicted
by the integration hypothesis?
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What is the time course of the use of implicit consequentiality information
and how does it compare to the time course of implicit causality information?
(Chapter 4)
The focusing versus integration issue is equally relevant to implicit consequentiality. With respect to the time course, as explained in Section 1.4, the iconicity
assumption predicts that cause-effect sentences (implicit consequentiality
sentences in the present thesis) are easier to process than effect-cause sentences
(implicit causality sentences in the present thesis). In contrast, the explanation
assumption predicts that implicit causality sentences are easier to process than
implicit consequentiality sentences.
Other sources of information that play a role in implicit causality and implicit
consequentiality sentences are the first-mention preference, the subject preference, and the parallelism preference. These structure-related factors were not
manipulated in the experiments, and effects of one or more of these factors are
referred to as effects of first mention, because, in this thesis, they all bias the
resolution of the pronoun to the first-mentioned protagonist.
Chapter 2 reports sentence completion studies that were performed to obtain
verbs that show both an implicit causality bias and an implicit consequentiality
bias. Chapter 3 reports a visual world study that investigated the time course of
the use of implicit causality information. Chapter 4 reports a study that included
both implicit causality and implicit consequentiality sentences. Finally, Chapter
5 summarizes and discusses the findings in this thesis.
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2 What’s in a Verb
2.1 Introduction
The first Chapter discussed two causal sources of information that a reader or
listener may use when comprehending discourse: implicit causality (see Section
1.2) and implicit consequentiality (see Section 1.3). Chapters 3 and 4 will present
research on the use of these two sources of information in online language processing. In comparing the results of these two sources of information in the
online research, it is preferable to use interpersonal verbs that exhibit an implicit
causality bias as well as an implicit consequentiality bias. This Chapter explains
how such verbs were obtained.
As described in Chapter 1, a way to determine the implicit bias of a verb is to ask
participants to complete sentence fragments containing that verb (cf. Rudolph &
Försterling, 1997). Examples of such sentence fragments are (1) and (2).
(1) Jan amuseerde Piet, omdat hij ...
John amused Pete, because he …
(2) Jan amuseerde Piet, dus hij ...
John amused Pete, so he …

(because-fragment)
(so-fragment)

The verb “to amuse” is an example of a verb with an implicit causality bias to
the first protagonist (NP1) and an implicit consequentiality bias to the second
protagonist (NP2). A possible completion for (1) is shown in (3), in which “made
a lot of funny jokes” disambiguates the pronoun “he” to the NP1, that is, “John.”
A possible completion for (2) is shown in (4), in which “laughed heartily” disambiguates the pronoun “he” to the NP2, that is, “Pete.” The completions in (3)
and (4) are consistent with the implicit bias.
(3) Jan amuseerde Piet, omdat hij veel leuke grappen maakte.
John amused Pete, because he made a lot of funny jokes.
(4) Jan amuseerde Piet, dus hij lachte hartelijk.
John amused Pete, so he laughed heartily.
Two sentence completion experiments were performed in order to obtain interpersonal verbs with an implicit causality bias and an implicit consequentiality
bias. These experiments contained fragments with the Dutch connective omdat,
as in (1), and fragments with the Dutch connective dus, as in (2), respectively.
Research on the use of implicit causality information in online language
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processing has used the sentence completion method to establish the strength of
the implicit bias of interpersonal verbs (Caramazza, Grober, Garvey, & Yates,
1977; Koornneef & Van Berkum, 2006; Vonk, 1984; Vonk, 1985), or has used
the results of previous sentence completion experiments (Garnham, Traxler,
Oakhill, & Gernsbacher, 1996; McDonald & MacWhinney, 1995; McKoon,
Greene, & Ratcliff, 1993). Only a few sentence completion experiments have
investigated both the strength of the implicit causality bias and the strength of
the implicit consequentiality bias (Au, 1986; Stevenson, Knott, Oberlander, &
McDonald, 2000; Stewart, Pickering, & Sanford, 1998), and none of these studies used Dutch materials. Therefore, it was necessary to perform the completion
experiments reported in this Chapter.
The Dutch connective omdat initiates a subordinate clause that typically
supplies a cause for an event expressed in the main clause of the sentence, as in
(3). The Dutch connective dus is more versatile than the Dutch connective omdat
(Haeseryn, Romijn, Geerts, De Rooij, & Van der Toorn, 1997). Clauses initiated
by dus may supply a consequence of an interpersonal event expressed in the
main clause as in (4), but they may also supply a conclusion about the event as in
(5), a paraphrase of the event as in (6), or an elaboration of the event as in (7).
(5) David hielp Sander, dus hij deed een goede daad.
David helped Sander, so he did a good deed.
(6) Paul assisteerde Arnold, dus hij hielp hem.
Paul assisted Arnold, so he helped him.
(7) Robert beloonde Arthur, dus hij gaf hem geld.
Robert rewarded Arthur, so he gave him money.
Examples (5)-(7) show that dus may be followed by several different types of
completions in addition to completions that supply a consequence of the interpersonal event expressed in the main clause. It was unclear how often each of these
types of completions would occur, but to be able to use dus in online experiments
about the use of implicit consequentiality information in sentence processing,
sentence fragments with dus should mainly elicit consequence completions.
The Dutch connective omdat is best translated into English as because, and
the Dutch connective dus is best translated into English as so. Henceforth, these
translations are used.
In this thesis, the direction of the implicit causality bias will be referred to with
NP1-because when it is toward the NP1 and with NP2-because when it is toward
the NP2. Similarly, the direction of the implicit consequentiality bias will be
referred to with NP1-so when it is toward the NP1 and NP2-so when it is toward
the NP2.
Offline sentence completion studies in which participants completed sentence fragments expressing interpersonal events have been performed in the
30

What’s in a Verb
fields of social psychology, linguistics, and psycholinguistics. These studies
have provided insights into how causal attributions are influenced by different
aspects of clauses expressing interpersonal events.
Three factors that influence causal attributions are the social role of the protagonists, the animacy of the protagonists, and the voice of the sentence. If protagonists have different social roles, the role distribution can be typical for the interpersonal event, for example, “The assistant argued with his boss,” or it can be
atypical, for example, “The boss argued with his assistant” (cf. Corrigan, 1992;
Garvey, Caramazza, & Yates, 1975). The typicality of the role distribution can
affect the bias. The bias obtained with protagonists in a typical role distribution
may be stronger than the bias obtained with neutral protagonists, that is, protagonists of the same gender that are referred to by proper names. The bias obtained
with protagonists in an atypical role distribution may be less strong or in a different direction than the bias obtained with neutral protagonists. In Garvey et al.
(1975), the fragment “The assistant argued with his boss” predominantly elicited
causal attributions to the NP1, whereas the fragment “The boss argued with his
assistant” elicited slightly more causal attributions to the NP2 than to the NP1.
A second factor that influences causal attributions is the animacy of the protagonists (Corrigan, 1988). Corrigan investigated the role of animacy in causal
attributions with a causality rating task. In this rating task, participants were
presented with a clause such as “Mary approached the window,” and they had
to rate on a scale from 1 to 7 the likelihood of three possible causes for that
event: “Mary is the kind of person that approaches objects,” “The window is the
kind of object that people approach,” or “some other reason.” The animacy of
protagonists in the experimental clauses could be animate-animate, as in “Mary
approached Ann,” animate-inanimate, as in “Mary approached the window,” inanimate-animate, as in “The car approached Mary,” or inanimate-inanimate, as
in “The police car approached the truck.” The results showed that animacy especially influenced the ratings of verbs that have no derived adjective or whose derived adjective expresses something that is attributable to the patient argument of
the verb. Examples of these verbs are “to pick up,” as “to pick up” has no derived
adjective, and “to approach,” as this verb has the derived adjective “approachable,” which describes something that is attributable to the patient argument of
“to approach.” These verbs yielded different attributions of causality when the
animacy of the protagonists differed. For example, for the animate-inanimate
clause “Mary approached the window,” the causality ratings were 3.45 to the
NP1 “Mary” and 4.41 to the NP2 “the window” (NP1 < NP2), whereas for the
inanimate-animate clause “The car approached Mary,” the causality ratings were
3.46 to the NP1 “the car” and 2.36 to the NP2 “Mary” (NP1 > NP2).
A third factor that influences causal attributions is the voice of the sentence
(Garvey et al., 1975). Garvey et al. observed a general drift in the assignment of
pronoun antecedents toward the grammatical subject when comparing passive
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sentences to active sentences.
These three factors are relevant for research on how online sentence processing is influenced by implicit causality and implicit consequentiality, and they
must be taken into account when constructing stimuli. In constructing stimuli for
the sentence completion experiments, the social role factor was controlled for by
using protagonists of the same gender that were described by proper names. The
animacy and voice factors were taken into account by keeping them constant:
The protagonists of the interpersonal verb were always animate, and the voice of
the main clause was always active.
There are different views on the relation between implicit causality and implicit consequentiality. Crinean and Garnham (2006) maintain that implicit causality and implicit consequentiality are systematically related to each other and
that this relation can be explained with reference to semantic roles, such as Agent
and Patient, or Stimulus and Experiencer. A concrete prediction by Crinean and
Garnham is that, for Agent-Patient verbs like “to hit” and “to telephone,” the
implicit causality will always go to the Agent, and the implicit consequentiality
will always go to the Patient. The Agent and Patient are the NP1 and NP2 protagonists, respectively, in an active clause. This implies, according to Crinean
and Garnham, that the combination of an NP1-because and NP1-so bias and the
combination of an NP2-because and NP2-so bias should not occur for AgentPatient verbs. They examined the data from Au (1986) and Stewart et al. (1998),
and they did not encounter any NP1-because/NP1-so verbs. Additionally, they
claim that verbs showing an NP2-because/NP2-so bias are not Agent-Patient
verbs but Agent-Evocator verbs. Agent-Evocator is a semantic role schema introduced by Rudolph and Försterling (1997) and is based on the idea that the
Agent of an Agent-Evocator verb reacts to a state or behavior of the Evocator.
Pickering and Majid (2007), on the other hand, argue that Crinean and
Garnham confuse semantic roles with the causes and consequences of events
expressed by interpersonal verbs, because they incorrectly equate the semantic
roles with the actual causes or consequences of the interpersonal events. Pickering and Majid reject the idea that implicit causality and implicit consequentiality
are related to each other using the notion of semantic roles. Instead, they claim
that, in addition to semantic roles, a range of other factors determine the implicit
causality bias, including components of the verb’s meaning (e.g., the telicity
of the event and the concreteness of the event), and the protagonists’ properties (e.g., animacy and social role). According to Pickering and Majid, implicit
causality is the resultant of several factors that influence the construction of a
representation of the interpersonal event, which, in turn, is used to infer (aspects
of) the cause or consequence of that event. Although the sentence completion
experiments presented here do not aim to address the relation between implicit
causality and implicit consequentiality directly, they may provide additional empirical evidence that is relevant to this issue.
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2.2 Selection of Verbs
One sentence completion experiment, Experiment 1a and Experiment 1b, tested
a large number of interpersonal verbs, 129 in total, in order to obtain a selection
of verbs that were tested further in the second sentence completion experiment,
Experiment 2.
2.2.1 Experiment 1a
Experiment 1a tested 96 interpersonal verbs for their implicit causality and
implicit consequentiality biases.
2.2.1.1 Method
Participants
There were 100 participants in Experiment 1a. They were all students of
Tilburg University and native speakers of Dutch. Their mean age was 22 years.
Participants took part as unpaid volunteers.
Materials
The experimental items consisted of sentence fragments like (8a) and (8b), constructed for the 96 interpersonal verbs in the experiment.
(8a) Jan luisterde Piet af, omdat hij ...
John eavesdropped on Pete, because he…
(8b) Debby luisterde Linda af, dus zij …
Debby eavesdropped on Linda, so she …
All fragments were constructed according to the following scheme: [[first
protagonist] [interpersonal verb][second protagonist],[connective][pronoun]].
Protagonists in a sentence fragment were always of the same gender (both male
or both female), and they were referred to by common Dutch proper names. The
main clause in the fragment was in the active voice. The connective was either
because or so. The pronoun was in the third person, in the nominative case, and
marked according to the gender of the protagonists.
The 96 interpersonal verbs in this experiment were selected from previous
studies on implicit causality (cf. Garnham, 2001; Rudolph et al., 1997; Semin &
Marsman, 1994; Vonk, 1985). Verbs from English studies were translated into
Dutch. The selection of verbs was such that, on the basis of the previous studies,
one half could be classified as NP1-because verbs and the other half as NP2because verbs. This a-priori classification of verbs was based on the implicit
causality bias, as the majority of offline studies have investigated implicit causality, and only a few studies have investigated implicit consequentiality. Verbs
that typically occur with an indirect object in a verb phrase, such as “opbiechten”
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(“to confess”), or that require an indirect object to form a verb phrase, such as
“geven” (“to give”), were excluded. Additionally, verbs that were considered
unusual, such as “dwepen met” (“to idolize”), or “betoveren” (“to enchant”),
were excluded as well.
For each of the 96 interpersonal verbs, a main clause was constructed with
two protagonists of the same gender. Within the two groups of verbs, the a-priori
NP1-because verbs and a-priori NP2-because verbs, half of the main clauses
were constructed with male protagonists and the other half with female protagonists. For each main clause, a sentence fragment with because and a sentence
fragment with so was constructed.
In the experiment, participants were asked to provide plausible completions
for sentence fragments like (8a) and (8b). The fragments were presented to them
in a booklet. Four booklets with sentence fragments were constructed. Each
booklet contained 52 fragments, consisting of 4 warm-up sentence fragments
and 48 experimental sentence fragments. Two of the four booklets contained one
half of the 96 interpersonal verbs in the experiment, and the other two booklets
contained the other half. Each half (48 verbs) consisted of 24 verbs that were apriori classified as NP1-because verbs, and 24 verbs that were a-priori classified
as NP2-because verbs. The connective was varied within each pair of booklets
containing the same 48 verbs, such that a verb that occurred with one connective (because or so) in one booklet occurred with the other connective in the
other booklet. Furthermore, within a booklet, and within the a-priori classified
groups of NP1-because and NP2-because verbs, half the experimental fragments
contained the connective because, and the other half contained the connective
so. Pages in the booklets never contained more than 17 items. The items were
distributed in a pseudo-random fashion, such that no three items followed each
other with verbs of the same a-priori classification (NP1-because verbs or NP2because verbs), no three items followed each other with the same connective
(because or so), and no three items followed each other with protagonists of the
same gender (male or female). Participants were randomly assigned to booklets.
Procedure
Each participant received one booklet containing instructions and sentence
fragments. The instructions briefly explained the task using an example. The
instructions emphasized that participants should provide the first completion
they could think of and that they should not think long about a completion.
2.2.1.2 Results
The completed sentences were scored with respect to the type of completion
and the referent of the pronoun. From these scores, the strengths of the implicit
causality bias and the implicit consequentiality bias were calculated.
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Type of completion
The type of completion was scored as cause, result, or other. A completion was
scored as a cause completion if it could be categorized as a cause of the event in
the main clause. Similarly, a completion was scored as a result completion if it
could be categorized as a consequence of the event in the main clause. The other
category contained completions that were neither cause nor result completions,
completions that were unclear, and missing completions.
Table 2.1 presents a summary of the percentages and frequencies of each
type of completion as a function of the connective (because or so). As expected,
for sentence fragments with the connective because, participants almost exclusively provided cause completions (95.5% of all because completions). For sentence fragments with the connective so, the majority of the participants provided
result completions (72.1% of all so completions). This supports the idea that so
is suitable for studying the use of implicit consequentiality information in online
sentences processing.
Table 2.1 Percentages and frequencies (in parentheses) of cause, result, and other completions, as a function of the connective (because or so) in Experiment 1a.
Connective

Cause

Completion
Result

Other

because
(N = 2375)*
so
(N = 2425)*

95.5
(2268)
13.7
(332)

(0)
72.1
(1748)

4.5
(107)
14.2
(345)

*The verb to detest (“verafschuwen”) was paired with so in both booklets in which the
verb occurred. Due to this mistake, the verb never occurred with because.

For sentence fragments with because, the other category consisted of 4.5%
completions (see Table 2.1), 3.5% of which were unclear completions, such as
(9) and (10), and 1% of which were missing completions.
(9) Tim verveelde Casper, omdat hij boos was.
Tim bored Casper, because he was angry.
(10) Hilde kocht Monica om, omdat zij lelijk was.
Hilde bribed Monica, because she was ugly.
The completion in sentence (9) could be a cause or a result. If the pronoun
is resolved to “Tim,” then Tim’s anger is taken as the cause of him annoying
“Casper.” If the pronoun is resolved to “Casper,” then Casper’s anger is taken as
evidence that “Tim” had annoyed him. In sentence (10), it is not clear whether
“she was ugly” applies to “Hilde” or to “Monica.” Maybe the completion should
be interpreted along the lines of “Hilde displayed her ugly side by bribing
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Monica,” but this is a non-literal interpretation of “being ugly.” The literal interpretation results in a causal relation that is incoherent. Sentence fragments with
because did not elicit result completions.
For sentence fragments with so, the other category consisted of 14.2%
completions (see Table 2.1), 11.8% of which were completions that were neither cause nor result completions, 1.5% of which were unclear completions, and
0.9% of which were missing completions. The 11.8% completions that were
neither cause nor result completions were conclusions about the event in the
main clause, paraphrases, and elaborations (see sentences (5)-(7) for examples).
Furthermore, sentence fragments with so elicited 13.7% completions that were
scored as cause completions, such as the second clause in (11).
(11) Steven verloor van Ronald, dus hij was minder goed in het spel.
Steven lost to Ronald, so he was less skilled in the game.
In sentence (11), the event expressed in the main clause “Steven lost to Ronald”
is taken as evidence for the idea expressed in the second clause that “Steven” was
less skilled in the game than “Ronald.” These cause completions of fragments
with so were excluded from the calculation of the strength of the implicit consequentiality bias, as explained below.
Sentence fragments with so elicited fewer result completions than sentence
fragments with because elicited cause completions. Fragments with so elicited
27.9% completions that were not result completions, 25.5% of which were plausible completions, whereas fragments with because elicited 4.5% completions
that were not cause completions, all of which were unclear or missing completions. This underlines the fact that so is a more versatile connective than because.
The Strength of the Bias to a Protagonist
Most of the completions of the experimental sentence fragments provided information that either disambiguated the subject pronoun in the second clause to the
first protagonist, in which case the referent was scored as NP1, or to the second
protagonist, in which case the referent was scored as NP2. The pronoun was disambiguated to either NP1 or NP2 in 91.1% of the fragments with because and in
95.1% of the fragments with so. However, in some cases the pronoun remained
ambiguous, as in (12) and (13); in some cases the referent was plural, as in (14);
and in some cases the referent could not be determined because the completion
was unclear or missing.
(12) Brenda vertrouwde Linda, omdat zij haar vriendin was.
Brenda trusted Linda, because she was her friend.
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(13) Tom streed met Harry, dus hij was moe.
Tom competed with Harry, so he was tired.
(14) Emma groette Rachel, dus zij kenden elkaar.
Emma greeted Rachel, so they knew each other.
In (12), “Brenda” may have trusted “Linda,” because “Brenda” is a friend of
“Linda” or because “Linda” is a friend of “Brenda.” Similarly, in (13), the result
of “Tom” competing with “Harry” may be either that “Tom” is tired or that
“Harry” is tired. The pronoun remained ambiguous in 4.8% of the fragments
with because and in 2% of the fragments with so. An ambiguous referent did
not have to concur with an ambiguous type of completion: In sentences (12)
and (13), the referent was scored as ambiguous, and the type of completion was
scored as cause in (12) and as result in (13). The referent could be plural, as in
(14), in which the protagonists were of the female gender, because the Dutch
female pronoun zij can have a plural reading (they) as well as a singular reading
(she). The Dutch male pronoun hij, however, only has a singular reading (he).
The referent was plural in 0.7% of the fragments with because and in 1.1% of the
fragments with so. Finally, the referent could not be determined in 3.4% of the
fragments with because and in 1.8% of the fragments with so.
As mentioned above, the type of completion and the referent of the pronoun were scored in order to calculate the strengths of the implicit causality bias
and the implicit consequentiality bias. The strength of the implicit causality bias
expresses how strongly participants prefer to take a specific protagonist to be
the causer of the interpersonal event expressed by the implicit causality verb.
Which protagonist participants consider to be the causer can only be determined
if a sentence fragment elicits a cause completion. Therefore, the implicit causality bias was calculated for sentence fragments that elicited a cause completion
only. If the pronoun was disambiguated by the cause completion, the referent
of the pronoun corresponded to the protagonist that was the causer of the event
expressed in the main clause. The strength of the implicit causality bias to a protagonist (NP1 or NP2) was calculated separately for each verb. For a verb, the
strength of the implicit causality bias to a protagonist was calculated as the number of times the protagonist was the referent in cause completions of fragments
with because containing the verb, divided by all cause completions of fragments
with because containing the verb.
The strength of the implicit consequentiality bias expresses how strongly
participants take a specific protagonist to be primarily affected by the consequence of an interpersonal event. This implicit consequentiality bias was calculated for sentence fragments that elicited a result completion only. If the pronoun
was disambiguated by the result completion, the referent of the pronoun corresponded to the protagonist taken to be primarily affected by the consequence
of the interpersonal event. As with the strength of the implicit causality bias, the
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strength of the implicit consequentiality bias to a protagonist (NP1 or NP2) was
calculated separately for each verb. The strength of the implicit consequentiality bias to a protagonist for a particular verb was calculated as the number of
times the protagonist was the referent in result completions of fragments with so
containing the verb, divided by all result completions of fragments with so containing the verb. The denominator for the strength of the implicit biases included
completions in which the referent was scored as ambiguous or plural. When participants provided a completion with a plural reading of the pronoun, the strength
of the bias may not have been strong enough to bring a specific protagonist into
focus. These ambiguous and plural completions were included, so that the bias
was underestimated rather than overestimated.
Some completions contained a complement clause that could itself provide
a cause for the event expressed in the main clause, as in (15).
(15) John1 distrusted Pete2, because he1 thought [COMPLEMENT he2 had been
cheating].
If the referent of the subject of the complement clause was not the same as the
referent of the pronoun that was the subject of the second clause, it was unclear
which protagonist had to be taken as the causer. In such cases (1.3% of the cause
completions of fragments with because), the referent of the pronoun that was the
subject of the second clause was taken to correspond with the causer, as in all
other cause completions of fragments with because. The reason for this is that
the complete second clause (and not the embedded complement clause) is taken
to express the actual cause of the event expressed in the main clause. There were
no cases in which complement clauses in completions of sentence fragments
with so provided a consequence of the event expressed in the main clause.
The strengths of the implicit causality and implicit consequentiality biases
for the verbs in Experiment 1a can be found in Table A-1 in Appendix A. Verbs
were considered to have an implicit bias (implicit causality or implicit consequentiality) if two criteria were met. First, for each verb, at least two-thirds of
all participants should have provided a cause completion to fragments with because in the case of implicit causality, and at least two-thirds of all participants
should have provided a result completion to fragments with so in the case of
implicit consequentiality. Second, the strength of the implicit bias had to be at
least 70%.
A verb may have an NP1-because bias, an NP2-because bias, or no implicit
causality bias; and that same verb may have an NP1-so bias, an NP2-so bias,
or no implicit consequentiality bias. There are four possible combinations of
implicit biases, and all of these were found in the sentence completion study, as
illustrated by the examples in Table 2.2.
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Table 2.2 Examples of verbs that exhibit an implicit bias with because and with so.
These examples are taken from Experiment 1a. The referent is in bold.
Bias

Examples

NP1-because
/ NP1-so

Gerda won van Tessa, omdat zij beter speelde.
Gerda beat Tessa, because she played better.
Gerda won van Tessa, dus zij juichte.
Gerda beat Tessa, so she cheered.
Joost irriteerde Nico, omdat hij constant zat te giegelen.
Joost annoyed Nico, because he was giggling all the time.
Joost irriteerde Nico, dus hij liep weg.
Joost annoyed Nico, so he walked away.
Carlo waarschuwde Martin, omdat hij gevaar liep.
Carlo warned Martin, because he was in danger.
Carlo waarschuwde Martin, dus hij was op zijn hoede.
Carlo warned Martin, so he was cautious.
Birgit maakte zich zorgen om Sylvia, omdat zij te veel werkte.
Birgit was worried over Sylvia, because she worked too hard.
Birgit maakte zich zorgen om Sylvia, dus zij belde haar op.
Birgit was worried over Sylvia, so she called her up.

NP1-because
/ NP2-so
NP2-because
/ NP2-so
NP2-because
/ NP1-so

Verbs selected to be tested in Experiment 2 exhibited both an implicit causality
bias and an implicit consequentiality bias according to the two criteria outlined
above. The selection consisted of 28 of the 96 verbs tested in this experiment
(Experiment 1a). These 28 verbs were distributed over the four groups of
verbs identified in Table 2.2 as follows: 2 NP1-because/NP1-so verbs, 11 NP1because/NP2-so verbs, 5 NP2-because/NP2-so verbs, and 10 NP2-because/NP1so verbs.
As it turned out, there were insufficient NP1-because/NP1-so verbs and
NP2-because/NP2-so verbs in Experiment 1a, and therefore an additional sentence completion experiment was performed (Experiment 1b). Some verbs that
met the above criteria were not included in the selection of verbs to be tested in
Experiment 2. With two exceptions (“to congratulate” and “to hit”), these verbs
were NP1-because/NP2-so verbs and NP2-because/NP1-so verbs. Because there
already were sufficient verbs in these two groups, not all these verbs were included in the selection. Two verbs were selected for which the strength of the
implicit causality bias was somewhat less than 70% (“to accuse” and “to warn”).
These verbs were selected because they showed a very strong implicit consequentiality bias.
2.2.2 Experiment 1b
To obtain additional verbs with a strong implicit causality and a strong implicit
consequentiality bias, in particular NP1-because/NP1-so verbs and NP2because/NP2-so verbs, 33 other interpersonal verbs were tested by means of the
sentence completion task. These verbs were selected from the transitive verbs in
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the CELEX corpus (Baayen, Piepenbrock, & Gulikers, 1995).
2.2.2.1 Method
Participants
There were 10 participants in Experiment 1b that provided completions for 31 of
the verbs and another 7 participants that provided completions for 2 other verbs
(“to fire” and “to praise”). The participants were all members of the Discourse
Studies group at Tilburg University. They took part as unpaid volunteers.
Materials
First, verbs that express an interpersonal event were selected from the transitive
verbs in the CELEX corpus (Baayen et al., 1995). These interpersonal verbs were
scanned for potential NP1-because/NP1-so verbs and potential NP2-because/
NP2-so verbs. Of the interpersonal verbs, 80 were selected to be judged on their
potential implicit causality and implicit consequentiality bias by two independent judges. If, according to both judges, a verb showed both a potential implicit
causality and a potential implicit consequentiality bias and if the judgments were
in agreement about the direction of the implicit biases, the verb was selected for
the completion experiment. This was the case for 33 of the 80 verbs.
Experimental sentence fragments were constructed according to the same
template used in Experiment 1a. Again, the protagonists were either both male or
both female. The gender of the protagonists was varied between the because and
the so sentence fragment for each verb. There were 17 because sentence fragments with male protagonists and 16 with female protagonists, and there were 16
so sentence fragments with male protagonists and 17 with female protagonists.
Procedure
The task and procedure were similar to Experiment 1a. However, in this sentence
completion experiment, presentation of the experimental sentence fragments was
web-based (WWStim 1.4.4, developed by Theo Veenker, Utrecht University1).
The instructions explained the task with the aid of an example and they emphasized that participants should not think very long about a particular completion.
Sentence fragments were presented in random order, and one sentence fragment
appeared on the screen at a time. Participants completed the fragments in one
session at their own pace at their own pc.
2.2.2.2 Results
The completions were scored in the same way as in Experiment 1a, and the
strengths of the implicit causality and consequentiality biases were also calculated in the same way as in Experiment 1a. A summary of the type of comple1

http://www.let.uu.nl/~Theo.Veenker/personal/projects/wwstim/doc/en
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tion as a function of the connective is presented in Table 2.3. The same pattern
was observed as in Experiment 1a. Sentence fragments with because almost
exclusively elicited cause completions. Fragments with so again elicited result
completions in more than two-thirds of all cases, and they again elicited more
diverse types of completions than fragments with because.
Table 2.3 Percentages and frequencies (in parentheses) of cause, result, and other completions, as a function of the connective (because or so) in Experiment 1b.
Connective

Cause

Completion
Result

Other

because
(N = 324)
so
(N = 324)

98.0
(317)
8.3
(27)

0.2
(1)
68.5
(222)

1.8
(6)
23.2
(75)

The strengths of the implicit causality bias and the implicit consequentiality bias
for each verb are presented in Table A-2 in Appendix A. Out of the 33 verbs
in the experiment, 16 were selected that showed both an implicit causality and
implicit consequentiality bias; 6 NP1-because/NP1-so verbs, 3 NP1-because/
NP2-so verbs, 3 NP2-because/NP2-so verbs, and 4 NP2-because/NP1-so verbs.
These verbs were added to the selection of verbs from Experiment 1a; the criteria
for selecting a verb were the same as the ones outlined above in the explanation
of that experiment. However, three of the 16 verbs that were selected did not
fully meet the criteria (“to eavesdrop,” “to catch,” and “to recognize”). These
verbs were selected all the same, because their biases were similar to those
of NP1-because/NP1-so verbs, a group of verbs that occurred infrequently in
Experiments 1a and 1b.
The 44 verbs were distributed over the groups identified in Table 2.2. as
follows: 8 NP1-because/NP1-so verbs, 14 NP1-because/NP2-so verbs, 8 NP2because/NP2-so verbs, and 14 NP2-because/NP1-so verbs. These verbs are in
bold in Tables A-1 and A-2 in Appendix A.

2.3 Testing of Verbs
2.3.1 Experiment 2
The 44 verbs that were selected from the verbs in Experiments 1a and 1b were
tested further in Experiment 2. The number of participants in Experiment 2 was
larger than in Experiment 1a and Experiment 1b, and each participant completed
both the because variant and the so variant of all the experimental sentence
fragments.
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2.3.1.1 Method
Participants
There were 102 participants in Experiment 2. Their mean age was 21 years. The
participants were students at Tilburg University and native speakers of Dutch.
They received 5 euros for their participation.
Materials
The experimental items consisted of sentence fragments constructed according
to the same template as in Experiment 1a. Only male protagonists were used in
the sentence fragments in Experiment 2, because the Dutch female pronoun zij is
ambiguous as to a third-person singular and a plural reading. For each of the 44
verbs, two sentence fragments were created, one with because, and one with so,
resulting in 88 experimental sentence fragments.
Procedure
As in Experiment 1b, the experiment was web-based, and the presentation of
the stimuli was controlled by WWStim 1.4.4. Participants were invited to a
computer room where a maximum of 19 people simultaneously completed the
experiment. The instructions were presented on the computer screen at the start
of the experiment. As before, the instructions briefly explained the experiment
with the aid of an example, and they emphasized that participants should not
think long about a particular completion. Participants independently completed
the sentence fragments at their own pace. One sentence fragment was presented
at a time. There were 2 warm-up sentence fragments, followed by 88 experimental sentence fragments, and finally 4 lead-out sentence fragments. The 88
experimental sentence fragments were presented in a different random order to
each participant.
2.3.1.2 Results
As in Experiment 1a, sentences were scored with respect to the type of completion
(cause, result, other) and the referent of the pronoun (NP1, NP2, ambiguous). In
this study, 4.4% of all completions of sentence fragments with because contained
a complement clause expressing a cause of the event in the main clause, as in
sentence (15). As in Experiments 1a and 1b, there were no cases in which completions of fragments with so contained complement clauses expressing a result
of the event in the main clause.
Table 2.4 presents a summary of the different types of completions as a function
of the connective. Once again, the same pattern emerged as in Experiments 1a
and 1b. Sentence fragments with because almost exclusively elicited cause
completions (98% of all because completions, range: 80-100%). Sentence
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fragments with so again predominantly elicited result completions (76% of all so
completions, range: 39-99%), and, as before, they elicited more different types
of completions than sentence fragments with because.
Table 2.4 Percentages and frequencies (in parentheses) of cause, result, and other completions, as a function of the connective (because or so) in Experiment 2.
Connective

Cause

Completion
Result

Other

because
(N = 4488)
so
(N = 4488)

98.1
(4402)
8.8
(394)

0.1
(6)
76.2
(3422)

1.8
(80)
15.0
(672)

Table A-3 in Appendix A presents the strengths of the implicit causality and
implicit consequentiality biases for the 44 verbs tested in this study, separately.
The strength of the implicit bias was calculated in the same way as in Experiments
1a and 1b.

2.4 Discussion
The goal of the sentence completion experiments presented in this Chapter was
to obtain a set of interpersonal verbs that showed both a strong implicit causality
bias and a strong implicit consequentiality bias. A set of 44 verbs was obtained
from Experiment 1a and Experiment 1b, and these verbs were tested further in
Experiment 2.
To elicit cause completions, fragments with the connective because were
used in the sentence completion experiments, and to elicit result completions,
fragments with the connective so were used. As explained in the introduction, it
was not known at the outset whether sentence fragments with so would indeed
elicit a majority of result completions, as a clause introduced by so may continue with various types of completions that do not express a result, such as a
conclusion, a paraphrase, or an elaboration. However, the results of the sentence
completion experiments showed that more than two-thirds of the participants
provided result completions to fragments with so. Therefore, the connective so
is very well suited to be used in online research about the use of implicit consequentiality information in sentence processing. However, it should be noted
that fragments with because elicited cause completions more strongly than fragments with so elicited result completions.
All possible combinations of implicit causality and implicit consequentiality biases were found in the sentence completion experiments. As it turned out,
verbs for which the implicit causality bias went in the opposite direction of the
implicit consequentiality bias were found more often than verbs for which the
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implicit causality and implicit consequentiality bias went in the same direction.
As mentioned earlier, Crinean and Garnham (2006) predicted that Agent-Patient verbs with an NP1-because/NP1-so bias should not occur. This prediction
was falsified by the results of the sentence completion experiments. There were
three verbs in Experiment 2 that met the criterion that at least two-thirds of all
participants provided a result completion to both the because fragments and the
so fragments and for which the strengths of the NP1-because bias as well as the
NP1-so bias were at least 70%. These three NP1-because/NP1-so verbs were:
“to fail to meet,” “to defeat,” and “to beat.” All three verbs are Agent-Patient
verbs according to the criteria outlined in Rudolph et al. (1997): Their lexical
definition is in terms of “to do,” they express observable events, they are readily
used in the imperative mode (“Defeat me!”), they sound natural in the progressive tense (“John is defeating Pete”), and the subject of these verbs is taken to
be the causer. These three NP1-because/NP1-so verbs present a challenge for a
theory that tries to explain the relation between implicit causality and implicit
consequentiality with the notion of semantic roles.
Another challenge for such a theory is the use of the Agent-Evocator semantic role schema (Rudolph et al., 1997) to account for NP2-because/NP2-so verbs,
as Crinean and Garnham (2006) do. The semantic basis for the Agent-Evocator
schema is unclear at present (Pickering & Majid, 2007). The view presented by
Pickering and Majid (2007) that implicit causality and implicit consequentiality
are inferences from a description of an event accommodates the existence of
NP1-because/NP1-so verbs as well as NP2-because/NP2-so verbs. Furthermore,
it can explain why some verbs show no implicit bias at all. In conclusion, it cannot be decided from the sentence completion results whether there is a relation
between implicit causality and implicit consequentiality, but the results present
challenges to theories that try to relate these sources of information using the
notion of semantic roles.
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Time Course of the Use of Implicit
3 The
Causality Information
3.1 Introduction
As explained in the first Chapter, various sources of information are used to
achieve understanding of a sentence. Experiment 3, which is reported in this
Chapter, investigated the influence of a particular source of information, namely,
the implicit causality information associated with a verb, on the processing of
sentences containing an ambiguous pronoun. Examples are sentences (1) and (2),
which contain the NP1-biasing implicit causality verb “to beat” and the pronoun
“he,” which is ambiguous between “John” and “Pete.”
(1) John beatNP1-verb Pete at the tennis match, because he played very well that
day.
(2) John beatNP1-verb Pete at the tennis match, because he played very badly that
day.
The second clause in sentence (1) contains information that is congruent with the
NP1-bias of “to beat,” namely, that the referent “played very well,” which causes
the ambiguous pronoun to be resolved to the NP1 “John.” In contrast, the second
clause in sentence (2) contains information that is incongruent with the NP1-bias
of “to beat,” namely, that the referent “played very badly,” which causes the
ambiguous pronoun to be resolved to the NP2 “Pete.”
The time course of the use of implicit causality information is still an issue
of debate in the literature, as was made clear in the first Chapter. There are two
competing hypotheses regarding this issue: the focusing hypothesis and the integration hypothesis. The focusing hypothesis maintains that the implicit causality
information associated with the verb is used as soon as the interpersonal verb is
processed, whereas the integration hypothesis maintains that implicit causality
will not influence the processing of sentences like (1) and (2) until information
is received that disambiguates the pronoun. The focusing hypothesis, unlike the
integration hypothesis, assumes that the bias of implicit causality verbs has an
immediate impact on the accessibility of one of the protagonists: It brings it into
focus. Therefore, this influence should be detectable before any explicit information has been provided that disambiguates the pronoun. For example, in sentence
(1), the focusing hypothesis predicts that the NP1 “John” will be highlighted
during the processing of the ambiguous pronoun “he,” whereas the integration
hypothesis predicts that the NP1-bias will only have an influence if the information in “played very well” is integrated with the information in the first clause,
since the information in “played very well” is explicit information that disam45
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biguates the pronoun.
To investigate how soon implicit causality influences sentence processing,
a visual world experiment was conducted using sentences that contain an ambiguous pronoun. In visual world experiments, sentences are presented aurally
together with a visual stimulus, and the participants’ eye movements are tracked
during the presentation of the sentences. Participants naturally look at visual
items that are referenced in the sentences they hear (see Section 1.6.2). Therefore, it is expected that the participants’ eye movements reveal which protagonist, if any, is focused in their mental model of the sentence, while processing
sentences like (1) and (2).
According to the focusing hypothesis, there should be more eye movements
to the protagonist toward which the implicit causality bias is directed than to the
protagonist toward which the implicit causality bias is not directed when participants process the ambiguous pronoun. The integration hypothesis does not
predict any differences on this point.
At the end of the sentence, where either bias-congruent information or biasincongruent information is presented, there should be more looks at the depiction
of the protagonist that is the referent of the pronoun than at the protagonist that is
not the referent, thus revealing the definitive outcome of the pronoun resolution
process.
Studies that have measured reading times or referent naming times for incongruent and congruent sentences have consistently found that congruent sentences are processed faster than incongruent sentences (see Section 1.2; Caramazza,
Grober, Garvey, & Yates, 1977, in the pronoun condition; Garnham, Oakhill, &
Cruttenden, 1992; Gimenes, Guerry, Caplan, & Rigalleau, 2006; Vonk, 1985).
Both the focusing hypothesis and the integration hypothesis are compatible with
such a congruency effect. In a visual world experiment this congruency effect
might show up in the point in time at which participants start looking at the referent once disambiguating information is presented: In the course of the auditory
presentation of the sentence, participants might look at the definitive referent in
the congruent condition earlier than in the incongruent condition.
The visual world experiment might reveal the influence of other sources of
information as well. As indicated in the first Chapter, structure-related sources of
information may influence the processing of ambiguous pronouns in sentences
like (1) and (2). Three of these sources are the subject preference, the first-mention preference, and the parallel processing strategy (see Section 1.5). In the
present study, these sources of information have not been varied: In all implicit
causality sentences that were presented, the syntactic structures were identical,
the subjects of the main clauses were in the first-mention position, and the pronoun was a subject pronoun. Since the three structure-related sources of information biased pronoun resolution toward the first-mentioned protagonist, an effect
that may be explained by one or more of these sources information will, for rea46
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sons of brevity, be referred to as an effect of first mention in this thesis. It is to be
expected that there will be more looks at the first-mentioned subject protagonist,
than at the second-mentioned non-subject protagonist early in the sentence. This
effect may interact with an early effect of implicit causality, boosting a possible
NP1-bias effect and suppressing a possible NP2-bias effect.

3.2 Experiment 3
3.2.1 Method
Participants
There were 40 participants in the visual world experiment (19 males and 21
females; mean age 22 years). They were students at Radboud University
Nijmegen and native speakers of Dutch. They reported having normal hearing
and normal or corrected to normal vision (5 participants had lenses). They were
paid 5 euros for their participation. The data of two participants were excluded
from further analysis, because of poor data quality due to excessive blinking and/
or staring. So there were 38 participants in the analysis. None of the participants
in the visual world experiment took part in any of the other experiments reported
in this thesis.
Materials
Auditory and visual stimuli were created for the visual world experiment. The
auditory stimuli were sentences containing an implicit causality verb. Thirtytwo verbs were selected from the 44 verbs tested in Experiment 2 (see Chapter
2) in such a way that all verbs had a strong implicit causality bias and a strong
implicit consequentiality bias. There were 16 verbs which strongly biased causal
attributions to the NP1 (mean: 92% NP1 completions, range: 86-99%) and 16
verbs which strongly biased causal attributions to the NP2 (mean: 81% NP2
completions, range: 75-92%). The biases for these verbs separately can be found
in Table B-1 in Appendix B.
The protagonists involved in the interpersonal event expressed by the implicit causality verb had to be depicted in such a way that they could be recognized by participants, and this was hardly possible if the protagonists were
referred to by common names like “John” or “Pete.” In order to depict the protagonists in a recognizable way, they could have been referred to as humans with
a particular role, for example, firemen or doctors. However, these roles are associated with a social status, and they may, therefore, influence the strength and
even the direction of the implicit causality bias (Corrigan, 1993; Corrigan, 2001;
Garvey, Caramazza, & Yates, 1975). To avoid the problem of social status being
associated with roles, the protagonists were animals. Animals are easy to depict,
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highly recognizable, and, in cartoons, they are commonly depicted displaying
human characteristics.
The experimental sentences consisted of a main biasing clause containing
two animal protagonists, a subordinate causal neutral clause, and a subordinate
causal disambiguating clause (see Table 3.1).
Table 3.1 Example of an experimental sentence in the congruent and the incongruent
condition in Experiment 3. The regions of the sentences are coded in the subscripts, and
the disambiguating word is in bold (literal English translations are in italics).
Congruent condition:
[De kameelNP1 had medelijden metNP2-verb de octopusNP2 na het examendistractor]biasing clause
[omdat hij aardig was]neutral clause
[en omdat hij geen voldoende kon krijgencongruent disambiguating word voor het werk.]disambiguating clause
[The camelNP1 felt sorry forNP2-verb the octopusNP2 after the examdistractor]biasing clause
[because he was friendly]neutral clause
[and because he could not a pass mark getcongruent disambiguating word for the work.]disambiguating clause
Incongruent condition:
[De kameelNP1 had medelijden metNP2-verb de octopusNP2 na het examendistractor]biasing clause
[omdat hij aardig was]neutral clause
[en omdat hij geen voldoende kon gevenincongruent disambiguating word voor het werk.]disambiguating clause
[The camelNP1 felt sorry forNP2-verb the octopusNP2 after the examdistractor]biasing clause
[because he was friendly]neutral clause
[and because he could not a pass mark giveincongruent disambiguating word for the work.]disambiguating clause

The biasing clause expressed an event involving two protagonists with an implicit
causality verb that induced an offline preference for taking the causer of the event
to be either the subject of the clause: the first protagonist (NP1), or the object of
the clause: the second protagonist (NP2). The clause ended with a prepositional
phrase involving a distractor object, which was meant to distract the attention of
the participants away from the NP1 and NP2. The subordinate neutral clause was
uninformative with respect to the disambiguation of the pronoun: It supported
an NP1-reading and an NP2-reading of the pronoun equally well (see sentence
judgment pretest, described below). The inclusion of the neutral clause extended
the time range within which an effect of implicit causality bias might be detected
before disambiguating information was given. In addition, the implicit causality
congruency effect has been found to be larger when there is a neutral clause
between the biasing clause and the disambiguating clause than when the biasing
clause is directly followed by the disambiguating clause (Vonk, 1985). The
subordinate disambiguating clause, finally, was either congruent or incongruent with respect to the implicit causality bias. It disambiguated the pronoun to
an NP1-reading or to an NP2-reading (see sentence judgment pretest, described
below). With the exception of two sentences in which the disambiguating information was expressed by two words, the disambiguating information consisted
of one word. These words will be referred to as the disambiguating words. The
disambiguating clause ended with a prepositional phrase that contained no dis48
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ambiguating information. The two subordinate causal clauses were introduced
by the causal connective because, and both clauses contained the third person
male pronoun “he.” The format of the sentence was “biasing clause, [because]
neutral clause, [and because] disambiguating clause.” The two pronouns in
this construction co-refer, unless one of the pronouns is prosodically marked
(cf. Min, S., & Yufang, Y., 2006). Sentence pairs were formed by subsequently
concatenating a biasing clause, a neutral clause, and either a congruent or an
incongruent disambiguating clause.
Two prestests were performed: an animal reference elicitation pretest and
a sentence judgment pretest. The animal reference elicitation pretest was performed to verify the naturalness of referring to animals with the male pronoun
“he” rather than with the female pronoun “she,” or the neuter pronoun “it.” The
sentence judgment pretest was performed to establish the effectiveness of the
neutral and disambiguating clauses.
Animal reference elicitation pretest. Stories were elicited with the help of cartoon
style drawings of the animal protagonists combined with sets of 5 key phrases.
Twenty participants were presented with 8 combinations of pictures of 2 animals
out of a set of pictures of 32 animals and 5 key phrases (e.g., cartoons of an
ostrich and a mouse together with the phrases “play a game,” “win,” “angry,”
“throw,” and “search”). Ten participants saw one half of the animals, and ten
saw the other half. Their task was to make up a small story about the animals
using the key phrases in the story line. Participants were free in the referring
expressions they used to refer to the animals. Additionally, 6 pictures of other
animals were tested in the same way with 10 other participants that were faculty
members of the Discourse Studies group at Tilburg University. The pretest of the
38 pictures resulted in 32 highly recognizable animals that were reliably referred
to with the pronoun “he.”
Sentence judgment pretest. For each of the 32 implicit causality verbs, a group of
3 sentences was constructed. Each sentence consisted of a main biasing clause
and a subordinate clause. The subordinate clause contained the pronoun “he”
and was neutral, congruent, or incongruent with respect to the implicit causality
bias (see Table 3.1 for example clauses). A total of 40 participants were asked
to determine for each sentence which animal was the referent of the pronoun
(either NP1 or NP2), and to specify how certain they were about their answer
(either certain or uncertain). There were three blocks of 32 sentences, and each
block contained only 1 sentence of each group of 3 sentences. Within a block, the
3 sentence types (neutral, congruent, and incongruent) were distributed evenly,
and their order was pseudorandomized. No more than 3 sentences of the same
type were presented consecutively. The order of the blocks was balanced over
participants.
The selection of subordinate clauses based on the sentence judgment pretest
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results. As mentioned above, the sentence judgments tested the effectiveness of
the neutral and the disambiguating clauses. A clause was taken to be an effective
neutral clause if the choice of either protagonist as the referent was close to 50%,
and participants were very uncertain about their choice. A clause was taken to
be an effective disambiguating clause if the intended referent was chosen, and
participants were very certain about their choice. The sentences with the most
effective subordinating clauses were selected, and this resulted in the selection of
16 groups of three sentences (neutral, congruent, and incongruent) for 16 implicit
causality verbs. These 16 implicit causality verbs consisted of eight NP1-biasing
verbs and eight NP2-biasing verbs.
The referent scores and certainty scores for the selected subordinate clauses
were as follows. For neutral clauses, 62% of the participants chose the NP1referent if the sentence contained an NP1-verb (range 40-93%), and 52 % of the
participants chose the NP2-referent if the sentence contained an NP2-verb (range
38-63%). The certainty of the choices was 44% certain (range 30-52%) for NP1verbs, and 50 % certain (range 32-70%) for NP2-verbs. The referent scores for
the disambiguating clauses of the NP1-verbs were 92% in the congruent condition (range 83-100%) and 89% in the incongruent condition (range 75-100%).
The referent scores for the NP2-verbs were 96% in the congruent condition
(range 85-100%) and 94% in the incongruent condition (range 88-98%). The
corresponding certainty scores were: 86% for the NP1-verb congruent condition
(range 71-100%), 82% for the NP1-verb incongruent condition (range 56-97%),
91% for the NP2-verb congruent condition (range 76-100%), and 87% for the
NP2-verb incongruent condition (range 66-100%). The scores of sentences separately can be found in Table B-1 in Appendix B.
For each of the 16 verbs, a sentence pair was constructed by combining the
main biasing clause, the neutral clause, and either the congruent disambiguating
clause or the incongruent disambiguating clause. The complete list of experimental sentences can be found in Table B-2 in Appendix B.
The preparation of auditory stimuli. The 16 experimental sentence pairs were
recorded together with 7 extra sentences for practice and warm-up items. The
sentences were recorded in a single session in a soundproof booth. The speaker
was a female native speaker of Dutch, who was naive with respect to the goal
of the experiment. She was instructed to speak at a quiet pace using natural
intonation, while avoiding emphasis on one or both of the protagonists, and not
to start reading out loud until she had read and fully understood each sentence.
The sentences were recorded to DAT tape and digitized at a sampling rate of
44.1 KHz. Sentences were recorded in a pseudorandom order with regard to the
implicit causality bias, and no more than three items with the same verb bias
were presented consecutively. Each sentence was recorded twice. The congruent
and incongruent versions of each sentence were recorded after each other.
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The experimental sentences were constructed from the tokens of the congruent and the incongruent recordings in the following way. The primary criteria
for selecting tokens were that they were pronounced at a comfortable pace and
that the protagonists had comparable intonation patterns, i.e., that there was no
emphasis of one protagonist over the other. For each pair of congruent and incongruent sentences, one token was selected such that there were equal numbers of
the originally congruent and originally incongruent recordings within the NP1verb condition as well as within the NP2-verb condition. The congruent and
incongruent counterparts were constructed by splicing the appropriate disambiguating word into the selected tokens. These disambiguating words were taken
from tokens in which the disambiguating word was acoustically most akin to the
disambiguating clause of the selected tokens. The splicing procedure served to
control for possible differences in prosody between congruent and incongruent
stimuli before the onset of the disambiguating word. Splicing was performed using Praat (Boersma, 2001).
The preparation of visual stimuli. For each sentence pair, a visual stimulus was
created. These visual stimuli were black and white cartoon drawings created by
the author. They portrayed two animals and a distractor object (see Figure 3.1)
and they were saved as bitmaps of 640 by 480 pixels. The animals were cartoonstyle drawings of the protagonists in the auditory material. The distractor object
was semantically related to the prepositional phrase in the biasing clause. The
function of the distractor was to direct attention away from the cartoon animals
before the onset of the first pronoun. The three figures were arranged in an
isosceles triangle with the distractor object at the top and the animal cartoons
at the bottom left and the bottom right. The distractor objects were 120 by 170
pixels in size and were positioned at screen coordinates 250, 20. The animal
objects were 180 pixels wide and 300 high. The left animal object was positioned
at coordinates 20, 160, and the right animal object at coordinates 440, 160. Of
each picture, a version was created in which the animal cartoons had swapped
places and were mirrored. The 32 different animals that were used in the experiment were presented only once in the complete set of 16 experimental sentences
that a participant heard. An overview of the visual stimuli can be found in Table
B-3 in Appendix B.
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Figure 3.1 Example of the two versions of a visual stimulus in Experiment 3 (vector
traces of the original bitmap images), showing how the position of the cartoon animals
was varied. The three figures represent a camel, an octopus, and a piece of paper with
pencils and an eraser representing the distractor “the exam” (see Table 3.1 for the corresponding sentences).

Design
The experimental materials consisted of eight sentences with an NP1-biasing
implicit causality verb and eight sentences with an NP2-biasing implicit
causality verb, each with a congruent disambiguating clause and an incongruent disambiguating clause, and each with a visual stimulus that depicted the
NP1-protagonist either at the bottom left or at the bottom right. This resulted in
64 combinations of a sentence with a visual stimulus. These 64 combinations
were divided over four lists containing 16 stimuli, such that each sentence with
a particular verb occurred once per list. Over the four lists, a sentence with a
particular verb occurred twice in the congruent condition and twice in the incongruent condition. Within both the congruent and the incongruent condition, the
sentence occurred once with the depiction of the NP1-protagonist at the bottom
left in the visual stimulus and once with the depiction of the NP1-protagonist at
the bottom right. The order of the 16 experimental sentences was the same for
all lists, but the conditions were distributed pseudorandomly, with no more than
three consecutive items that were identical with respect to verb bias, congruency,
or NP1-object position. Participants were randomly assigned to one of the four
lists containing 16 stimuli, provided that an equal number of participants were
assigned to each list.
Procedure
Participants were seated approximately 70 cm from a 17” computer monitor in
a dimly lit soundproof booth. The display monitor was set to a resolution of
640x480 pixels and a refresh rate of 60 Hz. Eye movements were tracked with
an SR Research EyeLink I eye tracker at a sampling rate of 250 Hz (a sample
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every 4 ms). The EyeLink I system was calibrated using a nine-point calibration
procedure available in the EyeLink software. Calibration was performed before
the practice block and before the experimental block.
Before the actual experiment, there was a naming session to make sure that
the participants were able to identify and name the animals used in the sentences.
In this naming session, the cartoon animals were presented in four blocks of
eight animals. When an animal appeared on the screen, participants had to say
its name. If participants chose another name than the one intended, they were
corrected. Blocks in which an error had been made, were repeated immediately
after the last animal in the block. One repetition always sufficed.
After the naming session, the participants received the instructions of the
actual experiment. In order to conceal the interest in gaze direction, they were
told that the purpose of the experiment was to measure their pupil size (cf. Cooper, 1974), and that they had to keep their eyes on the computer screen for proper
measurement. After the experiment, the true purpose of the experiment was revealed to them. The participants were instructed to listen carefully to sentences
presented to them over a headphone. After each sentence, they had to say out
loud the name of the animal they believed to be the referent of the pronoun “he”
in the sentence. It was stressed that it was more important for them to respond
correctly than to respond fast.
After the installation and calibration of the eye-tracker equipment and a
practicing session of five trials, the experiment started. There were 18 trials in
the experiment: two warm-up trials and 16 experimental trials. Each trial began
with a fixation star at the center of the screen. Participants had to actively fixate
the center of the star and press a button on a button box to initiate the presentation of the next item. Immediately after the button had been pressed, the auditory
stimulus was presented over the headphone and the corresponding visual stimulus was presented on the screen. The two stimuli appeared simultaneously; there
was no preview time.
After the offset of the auditory stimulus, the visual stimulus remained on the
screen for another 200 milliseconds. When the auditory stimulus was finished,
participants had to say out loud the name of the animal that they perceived to
be the referent of the pronoun. The onset of their verbal response was registered
with a voice key, and the name of the animal was noted down by the experimenter. The trial ended with a voice key trigger or after a timeout of two seconds
post offset of the auditory stimulus. One second after trial termination, the central fixation star reappeared on the screen, indicating the start of the next trial.
After three trials, a recalibration was performed. The recalibration consisted of a
small circle at the center of the screen that had to be fixated. The data obtained in
the recalibration were used to correct possible linear shifts in measurement. The
experiment took approximately 30 minutes.
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Analysis
The eye movements were recorded at 250 Hz and were parsed by the EyeLink
I software into three types of eye-movement events: saccades, blinks, and
fixations. The EyeLink parser used the default thresholds for saccade detection.
The threshold for motion was 0.1o; the threshold for velocity was 30o/s; and the
threshold for acceleration was 8,000o/s2. The signal was parsed into a saccade,
if the velocity or the acceleration of the pupil exceeded the velocity threshold,
and there was a pupil shift over 0.1o. Blinks were periods when no pupil could
be recorded. Since blinking influences pupil speed and position, blinks were
always preceded by the onset of a saccade and always followed by the offset
of a saccade. Fixation duration was defined as the time that passed between the
offset of a saccade and the onset of the next saccade. Fixation position was calculated by averaging the pixel coordinates of the consecutive four millisecond
eye-movement samples during the fixation.
The visual areas of analysis. There were four areas to which participants could
direct their attention when looking at a visual stimulus: the NP1-area, the NP2area, the distractor area, and the background area. The NP1-area, NP2-area, and
distractor area corresponded to their object sizes (see “The preparation of visual
stimuli”). The background area was defined as the remaining area on the screen.
The eye-movement analysis consisted of assigning the fixations to the areas. The
initial analysis was performed automatically1 and was checked manually. If the
text mentioned that participants looked at a specific protagonist, this must be
taken to mean that participants looked at the NP-area where the protagonist was
depicted.
The auditory segments of analysis. In order to be able to couple the eyemovements to language processing, the auditory stimuli were divided into 11
consecutive segments of analysis (see Figure 3.2). The 11 segments were the
second protagonist in the biasing clause (NP2 segment), the noun phrase of the
distractor phrase (distractor segment), the pause after the first clause (first pause
segment), the connective and the pronoun of the neutral clause (first connective
and pronoun segment), the rest of the neutral clause (neutral clause segment),
the pause after the neutral clause (second pause segment), the connective and the
pronoun of the disambiguating clause (second connective and pronoun segment),
the disambiguating clause up to the disambiguating word (segment before disambiguation), the disambiguating word (disambiguating segment), the rest of
the disambiguating clause (segment after disambiguation), and a 500 millisecond segment after the end of the sentence (segment after the sentence). Although
the segments of analysis were linked to specific elements in the linguistic input
(see Appendix D for a discussion of the definition of segments of analysis and
1

The automatic eye-movement analysis was performed with Fixation, a software tool.
developed at MPI Nijmegen and Tilburg University by Rein Cozijn (see Cozijn, 2006).
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alignment), their onsets did not coincide with onsets of these elements. As it takes
around 200 milliseconds to plan the launch of a saccade (Allopenna, Magnuson,
& Tanenhaus, 1998; Altmann & Kamide, 2004; Matin, Shao, & Boff, 1993),
the earliest point at which fixations driven by a specific linguistic input can be
expected to occur is 200 ms after the onset of the input. For that reason, 200
milliseconds were added to the onsets and offsets of the segments of analysis.
Figure 3.2 displays the exact onsets and offsets of the segments in the linguistic
input as well as those of the segments of analysis. For display purposes, the
average length of the segments was calculated. These are displayed in the plots
of the data provided in the results Section. Prior to the onset of the disambiguating word, the average length of the segments was calculated by averaging the
corresponding sentence fragment lengths for NP1-bias and NP2-bias sentences
separately (see Table B-4 in Appendix B). After the onset of the disambiguating
word, the average length of the segments was calculated by averaging the corresponding sentence fragment lengths for NP1-verb congruent and incongruent
sentences and for NP2-verb congruent and incongruent sentences separately (see
Table B-4 in Appendix B).
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Figure 3.2 The 11 segments of analysis in Experiment 3 set off against an example
experimental sentence: the NP2 segment (NP2), distractor segment (distractor), first
pause segment (pause1), first connective and pronoun segment (conn+pro1), neutral
clause segment (neutral clause), second pause segment (pause2), second connective and
pronoun segment (conn+pro2), segment before disambiguation (pre_disamb), disambiguating segment (disamb), segment after disambiguation (post_disamb), and segment after
the sentence (post_sentence). The segments, which start 200 milliseconds after the onset
of their corresponding linguistic input elements, are labeled below the example sentence
marked by left and right arrowed lines. The onsets of the linguistic input elements are
displayed above the sentence.
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Measure of analysis. In the literature, at least two different measures have been
proposed for analyzing eye movements in the visual world method that are in
common use: the proportion of novel looks and the proportion of fixations. The
first measure, the proportion of novel looks (for an explanation, see Kamide,
Altmann, & Haywood, 2003), is based on a count of the number of experimental
trials (see “Procedure” Section) in which at least one novel look is launched
to a specific area during a given auditory segment of analysis. The measure is
particularly sensitive to shifts in visual attention, that is, it is sensitive to when
participants start looking at an area within a particular time interval, in relation to
the linguistic input that is being processed. The second measure, the proportion
of fixations (for an explanation, see Dahan & Tanenhaus, 2004), is especially
sensitive to continuity in visual attention and reflects where participants are (and
keep) looking during the processing of a given linguistic input segment. The
measure used in the present study is based on the second measure and will be
referred to as the Looks measure. For comparison purposes, the data were also
analyzed with a proportion of novel looks measure. This analysis is presented in
Appendix E.
Dahan and Tanenhaus (2004) calculated the proportion of fixations for 10
ms time intervals. An interval was included in the calculation if it was part of
a fixation but not if it was part of a saccade or a blink, so saccades and blinks
were excluded from their counts. The Looks measure calculates proportions of
fixations in a slightly different manner. Central to its calculation is the notion
of a “look,” which is defined as an eye-movement event that starts after the end
of the previous fixation and ends at the end of the current fixation. Most of the
time, a look will consist of an in-saccade and a fixation (88.5% of all looks in the
complete data set), and sometimes it will include a blink as well. The latter is the
case if the blink occurs within two consecutive looks at the same area.
There is a good reason for pooling in-saccades with their succeeding fixations and for including intermediate blinks in the counts. Research by Irwin
(2004) has shown that attention is generally directed to an object when making
an in-saccade to that object and possibly even before that, and auditory language
processing is assumed to continue during blinks. Some looks were excluded from
the calculations of the Looks measure. If participants start in one area, then blink,
and subsequently land in another area, it is indeterminate at what exact moment
the look started. So, looks associated with this behavior were not included in the
counts.
For calculating the Looks measure, the eye-movement samples were first
aligned to the onset of a segment of analysis. At each consecutive 4 millisecond
sample point, it was then determined at what area each participant was looking.
As explained above, in the present experiment there were only four areas a participant could look at: the NP1-area, the NP2-area, the distractor area, and the
background area. The Looks measure to an area at a specific sample point was
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defined as the number of looks at that area divided by the total number of looks
at that sample point, so the Looks at the different areas at each sample point sum
up to one. To prepare the Looks measure for statistical analysis, the Looks at
all sample points in a specific segment of analysis were averaged per area. The
measure was calculated per experimental condition for plotting (averaging over
participants and items), per experimental condition and participant for statistical
analyses by participants (averaging over items), and per experimental condition
and item for statistical analyses by items (averaging over participants).
Statistical analysis. Statistical analyses are reported for the Looks measure
explained above. The data were analyzed using repeated measures ANOVA. The
two factors in the ANOVAs performed on the data for segments before the onset
of the disambiguating word were Verbbias (NP1-bias verbs, NP2-bias verbs)
and NP-area (NP1-area, NP2-area). From the disambiguating word onward, the
sentences were either congruent or incongruent with the implicit causality bias,
so a third factor, Congruency (congruent, incongruent), was added for segments
that started after the onset of the disambiguating word. In the participant analyses
(F1), all factors were within variables. In the item analyses (F2), NP-area was
a within variable, whereas Verbbias and Congruency were treated as between
variables. The position of the protagonists in the visual stimuli (see Materials)
was not included as a factor in the analyses. Effects were only considered significant if they were significant by participants as wells as by items. A minF’
was calculated on the basis of the analyses by participants and by items (Clark,
1973).
Predictions for auditory segments preceding the disambiguating word. Several
effects were expected for the segments before the onset of the disambiguating
word. It is relevant to the focusing and integration issue that the focusing hypothesis predicts that implicit causality may influence language comprehension as
soon as the verb and its arguments are processed. As early as the first pause
segment, therefore, the focusing hypothesis predicts a possible interaction effect
between Verbbias and NP-area. The effect may, however, start at a later point and
stretch throughout the sentence up to the disambiguating word, and, therefore,
may appear in one or more of the segments from the first pause segment up to the
disambiguating segment. The integration hypothesis, on the other hand, predicts
no such effect.
In addition, three effects were expected to occur. First, the auditory presentation of the NP2-protagonist should lead to more looks at the area depicting the
NP2-protagonist than at the area of the NP1-protagonist, resulting in an effect
of NP-area in the NP2 segment. This effect would support the valid application
of the visual world method. Second, when the distractor phrase was presented
aurally, the advantage of the NP2 should have disappeared, and no effect of NP57
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area should be found, nor should there be an interaction between Verbbias and
NP-area. Participants may look more at the distractor area in the distractor segment than some time before or some time after the presentation of the distractor
segment. Third, an effect of first mention was expected from the first pause segment onward; in particular, more looks were expected at the NP1-area than at the
NP2-area, resulting in an effect of NP-area.
Predictions for auditory segments from the disambiguating word onward.
When disambiguating information is presented to participants, they can figure
out to which protagonist the ambiguous pronoun refers. It was to be expected,
therefore, that sometime at or after the disambiguating information had been
received, the eye movements would be directed to the referent. Since the referent
of the NP1-bias verbs in the congruent condition was the NP1-protagonist and
in the incongruent condition the NP2-protagonist, and the situation was exactly
the other way around for NP2-bias verbs, an interaction was predicted between
Verbbias, NP-area, and Congruency.
The process of pronoun resolution takes time, and previous studies have
shown that resolving the pronoun takes more time in incongruent sentences than
in congruent sentences (see Section 1.2). The present experiment measured what
participants looked at while they were resolving ambiguous pronouns. If resolving the pronoun in an incongruent sentence takes more time, it might be expected
that participants would start looking at that referent later than when the sentence
was congruent with the bias of the verb. The congruency effect, therefore, might
be revealed by a difference in the moment when participants started looking at
the referent. Initially, participants should look more at the referent than at the
nonreferent in the congruent condition, but not in the incongruent condition (or
not as much). In a subsequent segment, participants should look more at the
referent than at the nonreferent in both the congruent and the incongruent conditions. In terms of the three-way interaction between Verbbias, NP-area, and
Congruency, it was expected, therefore, that this interaction would occur at an
earlier segment in the congruent condition than in the incongruent condition. In
addition, an interaction effect between Verbbias and NP-area may be interpreted
as a congruency effect, as will be explained in the Section “Segment after disambiguation” in “Results.” The focusing hypothesis as well as the integration
hypothesis predict an effect of congruency.
3.2.2 Results
Results are reported first for segments preceding the disambiguating word and
subsequently for the segments from the disambiguating word onwards. The data
for segments preceding the onset of the disambiguating word were entered into
the analysis regardless of whether the participants correctly resolved the pronoun,
because there may be early effects of implicit causality regardless of whether
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participants are able to resolve the pronoun. After the onset of the disambiguating word, however, only trials in which the pronoun was resolved correctly were
entered into the analysis.
The graphs for the Looks were smoothed for presentation purposes by averaging the Looks of 11 consecutive 4 millisecond sample points (see Appendix D
for a discussion of the issue of binning). This was found to be sufficient to make
the graphs look smooth. Looks were averaged over an uneven number of sample
points, so the average could be plotted above the central sample point, which was
sample point 6 out of 11.
Segments of Analysis Before the Onset of the Disambiguating Word
The data for the NP2 and the distractor segments are presented in Figure 3.3, and
the data for the remaining segments before the onset of the disambiguating word
are plotted in Figure 3.4. The statistics are displayed in Table 3.4.
NP2 segment. There was an effect of NP-area: Participants looked more at the
NP2-area than at the NP1-area (.40 versus .30). These results show the close
time-locking of eye movements to the linguistic input.
Distractor segment. The analyses revealed only a marginal F1 interaction between
Verbbias and NP-area, and the F2 interaction was not significant. In contrast to
the previous segment, there was no effect of NP-area: the eye-movements were
no longer predominantly directed at the NP2-area and, judging by Panel B and
D of Figure 3.3, the distractor succeeded in leveling the looks to the NP1-area
and NP2-area.
NP1 verbs
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Looks

0.8

A

Figure 3.3 Looks data for
the NP2 segment (np2; A
and C) and the distractor
segment (distractor; B and
D) in Experiment 3. The
width of each grey area
is equal to the average
length of the corresponding segment of analysis.
The data in the panels are
aligned to the onset of the
linguistic input element
with which the segment of
analysis corresponded (see
Figure 3.2).

B

0.6
0.4
0.2

np2

0.0
- 400

0

distractor

400

time (ms)

1200

time (ms)

NP2 verbs
D

Looks

C

800

np2

distractor

time (ms)
NP1 area

time (ms)
NP2 area

Distr area

59

Chapter 3
To test whether there were more looks at the distractor area in the distractor segment than some time before or after the distractor segment, a comparison
was made between the Looks at this area in the distractor segment and in segments of equal size preceding and succeeding the distractor segment. A 600 ms
segment size was chosen because the mean length of the distractor segment was
close to 600 ms (see Table B-4 in Appendix B), and there was 200 ms between
the segments. The mean Looks in these segments are given in Table 3.2 as a
function of Verbbias. The results of the analyses (see Table 3.3) showed that, in
both the NP1-verb and in the NP2-verb conditions, participants looked more at
the distractor area in the distractor segment than in the preceding segment and
in the succeeding segment. These results are in line with the finding at the NP2
segment: Participants looked at the objects directly referenced in the sentence.
Table 3.2 Mean Looks at the distractor area in three 600 ms segments in Experiment 3:
the segment before the distractor segment (Before), the distractor segment (Distractor),
and the segment starting after the distractor segment (After) for NP1-bias and NP2-bias
verbs.

Verbbias
NP1
NP2

Before

Segment
Distractor

After

.29
.28

.35
.41

.26
.26

Table 3.3 Pairwise comparisons by participants and by items for Looks data to the distractor area in three 600 ms segments in Experiment 3: the segment before the distractor
segment (Before), the distractor segment (Distractor), and the segment starting after the
distractor segment (After) for NP1-bias and NP2-bias verbs.

Verbbias

Intervals compared

By participants
t1(37)
p

NP1

Distractor
Distractor
Before
Distractor
Distractor
Before

2.02
3.13
0.94
4.20
4.56
0.66

NP2

Before
After
After
Before
After
After

.050
.003
.354
.000
.000
.512

†
*
*
*

t2(7)
1.97
2.42
0.52
4.30
4.58
0.39

By items
p
.090
.046
.623
.004
.003
.707

†
*
*
*

**, p < .01; *, p < .05; †, p < .1

First pause segment. There was a main effect of NP-area in this segment:
Participants looked more at the NP1-area than at the NP2-area (.39 versus .29).
This effect can be explained as an effect of first mention. There was no interaction between Verbbias and NP-area, and, therefore, no support for the focusing
hypothesis at this point in the sentence.
60

Implicit Causality Online
First connective and pronoun segment. There was an interaction between
Verbbias and NP-area. For NP1-verbs, the mean proportions of Looks were .42
and .30 for NP1- and NP2-protagonists, respectively. For NP2-verbs, the mean
proportions for NP1- and NP2-protagonists were.34 and .37. Pairwise comparisons were performed to explore the interaction between Verbbias and NP-area.
In the NP1-verb condition, there were more Looks at the NP1-area than at the
NP2-area: t1(37) = 2.22, p < .05; t2(7) = 4.97, p < .01. In the NP2-verb condition,
there was no difference in Looks at the NP1-area and NP2-area: t1(37) < 1; t2(7)
< 1. These results are in favor of the focusing account. It seems that, for NP1verbs, the first-mention effect found in the prior segment added up to the effect
of the bias of the NP1-verb, whereas, for NP2-verbs, the first-mention effect
countered the effect of the bias of the verb.
Neutral clause segment. Again, there was an interaction between Verbbias and
NP-area.
The interaction effect was explored by means of pairwise comparisons. In the
NP1-verb condition, participants looked significantly (by items marginally significantly) more at the NP1-area (.43) than at the NP2-area (.33): t1(37) = 2.26,
p < .05; t2(7) = 2.03, p = .082. In the NP2-verb condition, however, participants
did not look more at the NP2-area (.41) than at the NP1-area (.35): t1(37) =
-1.66, p = .106; t2(7) = -1.63, p = .147. These results are in line with the results
of the previous segment (first connective and pronoun) and can be interpreted
accordingly.
Second pause, second connective and pronoun segments, and segment before
disambiguation. There were no relevant main effects or interactions in these
segments (see Table 3.4).
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Figure 3.4 Looks data for the first pause segment (pause2; A and D), the first connective
and pronoun segment (conn+pro1; B and E), the neutral clause segment (neu; C and
F), the second pause segment (pause2; G and J), the second connective and pronoun
segment (conn+pro2; H and K), and the segment before disambiguation (pre_disamb; I
and L) in Experiment 3. The width of each grey area is equal to the average length of the
corresponding segment of analysis. The data in the panels are aligned to the onset of the
linguistic input element with which the segment of analysis corresponded (see Figure
3.2).
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**, p < .01; *, p < .05; †, p < .1
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neutral clause
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first pause
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0.00
0.27
10.61
3.43
2.83
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NP2

V
N
V*N
V
N
V*N
V
N
V*N
V
N
V*N
V
N
V*N
V
N
V*N
V
N
V*N
V
N
V*N

F1
(1,33)

Segment of
analysis
0.008
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0.006
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0.034
0.030

0.689
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0.549
0.325
0.020
0.970
0.609
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0.072
0.101
0.823
0.031
0.386
0.856
0.250
0.891
0.119

By Participants
MSE
p

*

**
†

*

*

†

*

*

0.21
32.75
2.89
4.05
3.01
2.67
1.11
9.09
1.97
0.17
2.97
9.25
0.00
0.42
6.71
4.05
1.88
0.01
3.77
0.71
0.01
0.90
0.26
0.12

F2
(1,28)
0.002
0.003
0.003
0.002
0.006
0.006
0.004
0.007
0.007
0.002
0.005
0.005
0.002
0.008
0.008
0.001
0.017
0.017
0.002
0.011
0.011
0.001
0.014
0.014

0.650
0.000
0.111
0.064
0.105
0.125
0.309
0.009
0.182
0.691
0.107
0.009
0.953
0.525
0.021
0.064
0.192
0.914
0.073
0.414
0.905
0.360
0.621
0.731

By Items
MSE
p

†

*
†

**

**

†

**

35.6
18.9
34.7
44.8
27.3
42.1
51.0
34.0
43.5
50.7
23.9
32.7
25.8
32.3
47.9
37.6
47.3
49.3
45.6
42.1
50.7
47.5
16.1
40.4

df2
0.09
4.75
1.21
2.27
0.93
1.39
0.79
3.73
1.06
0.11
0.74
3.62
0.00
0.16
4.11
1.85
1.13
0.01
2.15
0.37
0.01
0.54
0.02
0.12

0.766
0.042
0.279
0.139
0.343
0.245
0.378
0.062
0.309
0.742
0.398
0.066
1.000
0.692
0.048
0.182
0.293
0.921
0.149
0.546
0.921
0.466
0.889
0.731

MinF’
MinF’
p
(1,df2)

*

†

†

*

Table 3.4 Results of the statistical analyses of Looks data for segments of analysis that started before the onset of the disambiguating
word (Experiment 3). The table gives an overview of F1, F2, and MinF’ analyses (V = Verbbias and N = NP-area).
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Segments of Analysis After Onset of the Disambiguating Word
The graphs of the data for the disambiguating segment, the segment after disambiguation, and the segment after the sentence are given in Figure 3.5, and
the results of the statistical analyses of these data are displayed in Table 3.5. As
mentioned earlier, only trials were included in which the protagonist had been
chosen that was indeed the referent. This resulted in the exclusion of 17% of
all data in the NP1-verb congruent condition, 29% in the NP1-bias incongruent
condition, 22% in the NP2-verb congruent condition, and 28% in the NP2-bias
incongruent condition. More errors were made in the incongruent than in the
congruent condition (29% versus 19%; t1(37) = 2.37, p < .05; t2(7) = 2.72, p <
.05). This suggests that it is harder to resolve the pronoun in the incongruent
condition than in the congruent condition. The high error percentages cannot
be ascribed to the quality of the disambiguating clauses, because the offline
sentence judgment pretest ensured that the disambiguating clauses disambiguated the pronoun to a protagonist in accordance with the experimental condition.
These high error percentages will be discussed further in Chapter 5.
Disambiguating segment. Although this segment contained the information that
enabled the definite resolution of the pronoun, the analyses showed no effects at
this segment.
Segment after disambiguation. There was a three-way interaction between
Verbbias, Congruency, and NP-area. To further explore this three-way interaction effect, pairwise comparisons were performed. In addition, there was a marginally significant interaction between Verbbias and NP-area, which may also be
interpreted using the results from the pairwise comparisons.
In the congruent NP1-verb condition, participants looked more at the NP1area than at the NP2-area (.51 versus .27): t1(37) = 4.15, p < .01; t2(7) = 2.63,
p < .05. In the congruent NP2-verb condition, participants looked more at the
NP2-area than at the NP1-area (.55 versus .24): t1(36) = -5.11, p < .01; t2(7) =
-4.54, p < .01. In the incongruent NP1-verb condition, participants looked more
at the NP2-area than at the NP1-area (.49 versus .29), but this just failed to be
significant by items: t1(35) = -2.66, p < .05; t2(7) = 2.28, p = .057. In the NP2verb incongruent condition, participants’ looks at the NP1-area and the NP2-area
did not differ (.42 versus .37): t1(35) < 1; t2(7) < 1.
The results showed an effect of the pronoun resolution process: Participants
looked consistently more at the referent than at the nonreferent (.49 versus .29).
However, in the incongruent sentences, the effect of referent was only significant
by participants in the NP1-verb condition. An interaction between Verbbias and
NP-area may be explained by a stronger effect of referent in the congruent than
in the incongruent condition. This is so, because a main effect of Referent (if
we had defined our design in a different way) corresponds, in our design, to the
three-way interaction between Verbbias, Congruency, and NP-area, as has been
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indicated earlier, and consequently, the interaction between Verbbias and NParea corresponds to the interaction between Referent and Congruency.22 There
was a marginal interaction between Verbbias and NP-area.
Segment after the sentence. There was a main effect of Congruency (congruent:
.38, incongruent: .42), and, as in the segment after disambiguation, there was a
three-way interaction between Verbbias, Congruency, and NP-area. The main
effect of Congruency was due to the fact that participants looked more at both
the NP1-area and NP2-area in the incongruent condition than in the congruent
condition. This makes sense considering that participants already established
the referent in the segment after disambiguation in the congruent condition.
To further explore the three-way interaction effect, pairwise comparisons were
performed.
In the congruent NP1-verb condition, participants looked more at the NP1area than at the NP2-area (.48 versus .23), but this was only significant by participants: t1(37) = 3.49, p < .01; t2(7) = 1.94, p = .093. In the congruent NP2-verb
condition, participants looked more at the NP2-area than at the NP1-area (.57
The interpretation that the interaction between Verbbias and NP-area corresponds to a
stronger effect of referent in the congruent condition than in the incongruent condition
can also be illustrated algebraically. The greater referent advantage can be written in the
form of (a) for the NP1-verb level of Verbbias and in the form of (b) for the NP2-verb
level of Verbbias. These inequalities can be rewritten in such a way that they express an
effect of NP-area for each level of Verbbias, as illustrated by (a)’ and (b)’.
2

For NP1-verb level:
(a)
(Looks NP1-area – Looks NP2-area)congruent >
(Looks NP2-area – Looks NP1-area) incongruent
(a)’
Looks NP1-area congruent + Looks NP1-area incongruent >
Looks NP2-area congruent + Looks NP2-area incongruent
For NP2-verb level:
(b)
(Looks NP2-area – Looks NP1-area)congruent >
(Looks NP1-area – Looks NP2-area) incongruent
(b)’
Looks NP1-area congruent + Looks NP1-area incongruen <
Looks NP2-area congruent + Looks NP2-area incongruent
The simple main effect of NP-area in (a)’ goes in the opposite direction of the simple
main effect of NP-area in (b),’ which implies an interaction effect between NP-area
and Verbbias. Therefore, if the referent advantage is larger in the congruent than in the
incongruent condition for both levels of Verbbias, this shows up as an interaction effect
between Verbbias and NP-area in the current analysis. If we substitute the relevant mean
Looks from the segment after disambiguation into inequality (a), we get .24 > .20, and
if we do this for (b), we get .31 > .05. Mainly for NP2-verbs, the referent advantage was
greater in the congruent condition than in the incongruent condition.
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versus .22): t1(36) = -5.28, p < .01; t2(7) = -6.05, p < .01. In the incongruent NP1verb condition, participants looked more at the NP2-area than at the NP1-area
(.56 versus .30): t1(35) = -2.66, p < .05; t2(7) = -2.75, p < .05. In the NP2-verb
incongruent condition, participants looked more often at the NP1-area than at the
NP2-area (.52 versus .30): t1(35) = 2.27, p < .05; t2(7) = 2.72, p < .05.
As in the previous segment, the participants looked more consistently at the
referent than at the nonreferent (.53 versus .26). However, this time the referent
advantage was somewhat weaker for NP1-verb sentences (difference: .25) than
for NP2-verb sentences (difference: .29). This suggests that the pronoun resolution process finished earlier in the NP1-verb sentences than in the NP2-verb
sentences. There was no difference between the congruent and incongruent conditions, in contrast to the previous segment, and the interaction between Verbbias
and NP-area was absent.
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Figure 3.5 Looks data for NP1-verb congruent (top row), the NP1-verb incongruent
(second row), the NP2-verb congruent (third row), and the NP2-verb incongruent (bottom
row) conditions for the disambiguating segment (disamb; A, D, G, and J), the segment
after disambiguation (post_disamb; B, E, H, and K), and the segment after the sentence
(post_sentence: C, F, I, and L) in Experiment 3. The width of each grey area is equal to
the average length of the corresponding segment of analysis. The data in the panels are
aligned to the onset of the linguistic input element with which the segment of analysis
corresponded (see Figure 3.2).
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0.691
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Table 3.5 Results of the statistical analyses of Looks data for segments of analysis that start after the onset of the disambiguating word
(Experiment 3). The table gives an overview of F1, F2, and MinF’ analyses (V = Verbbias, C = Congruency, and N = NP-area).
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3.3 Discussion
As explained in the introduction to this Chapter, the experiment investigated
how soon implicit causality information is used during sentence processing. The
influence of implicit causality on sentence processing showed up early and late
in the sentence. Evidence of an early effect of implicit causality was found at
the first “because he” and in the neutral clause in the form of an interaction
between the bias of the implicit causality verb and the protagonist: If the main
clause contained an NP1-bias verb, participants’ looks were directed more at the
depiction of the NP1-protagonist than at the depiction of the NP2-protagonist,
whereas no differences were found if the main clause contained an NP2-bias
verb. The late effect of implicit causality showed up as an effect of congruency
after the offset of the disambiguating word and before the end of the sentence.
The participants looked more at the referent than at the nonreferent, and this
effect was more pronounced in the congruent than in the incongruent condition.
However, after the offset of the sentence, the effect of referent no longer differed
between the congruent and the incongruent conditions.
In addition to the effects of implicit causality, an early effect of first mention was found. Immediately after the main clause and before the connective
because, participants looked more often at the depiction of the first protagonist
than at that of the second protagonist, regardless of the implicit causality bias in
the verb. The implications of these findings are discussed below.
Two findings showed that the visual world method was applied successfully.
First, it was found that participants looked more at the depiction of the secondmentioned protagonist than at the depiction of the first-mentioned protagonist
when the name of the second protagonist was pronounced. Second, participants
looked more often at the distractor object during the processing of the distractor
phrase than during time intervals of equal length before and after the distractor
phrase. The distractor object did not attract as much attention as the two protagonists, and this may be explained by its smaller size, its inanimate nature, its
irrelevance to the experimental task (resolving the pronoun), and its less direct
relation with its linguistic counterpart than the depictions of the protagonists. For
example, the distractor phrase “after the exam” was depicted by an exam sheet
and writing utensils (see Figure 3.1), whereas the animal protagonists were depicted by drawings of animals. Nevertheless, the distractor succeeded in diverting the attention away from the two protagonists: Right after the distractor segment, at the end of the main clause, the NP2-advantage of the previous segment
had disappeared and there was no longer a difference in looks at the NP1-area
and at the NP2-area.
Two competing views with respect to the time course of the use of implicit
causality information were distinguished: the focusing hypothesis and the integration hypothesis (see Section 1.6.1). According to the focusing hypothesis, the
implicit causality bias affects processing before disambiguating information is
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available. The integration hypothesis, on the other hand, claims that the implicit
causality bias only plays a role during the disambiguation process. The visual
world method made it possible to study in a very direct way and with a high
temporal resolution when implicit causality information affects the online processing of sentences containing ambiguous pronouns.
The results of the visual world experiment supported the focusing hypothesis, since there was an early effect of implicit causality that consisted of an interaction between verb bias and protagonist in the “because he” segment and the
subsequent neutral clause. Apparently, for NP1-verbs, the verb bias lined up with
the first-mention effect found in the previous segment, whereas for NP2-verbs,
the effect of verb bias and the first-mention effect canceled each other. The results of the present study are in line with findings which show that both the firstmentioned entity and the subject receive special attention in language processing, and they suggest that the implicit causality bias of the verb was operative
during the processing of the pronoun. The integration hypothesis cannot explain
an effect of implicit causality at the pronoun, since the pronoun did not contain
any disambiguating information. Besides, the effect of implicit causality cannot
be attributed to a strategy that capitalizes on the majority of the sentences in an
experiment being congruent (Garnham, 2001), since there were as many congruent as incongruent sentences in the experiment. It can be concluded, therefore,
that implicit causality information is used early during sentence processing, that
is, before disambiguating information is obtained.
The early manifestation of the use of the implicit causality bias does not imply that participants keep looking at the protagonist toward which the bias is directed until disambiguating information is encountered. After the neutral clause
and before the disambiguating word, the implicit causality bias had disappeared.
This makes sense, since the neutral clause provided information that supported
an NP1-reading and an NP2-reading of the pronoun equally well.
The final clause of the sentence contained world knowledge information that
disambiguated the implicit causality bias to a congruent or an incongruent reading. On the basis of the disambiguating information, which differed in one word
in all but two cases, the pronoun in the sentence could be resolved to either the
first or the second protagonist. Several studies that measured reading time have
shown that the disambiguation process takes more time for incongruent than for
congruent sentences (see Chapter 1). This congruency effect shows that implicit
causality contributes to the process of integrating the explicit disambiguating
information with the previous discourse. The extra time it takes to disambiguate
an incongruent sentence as compared to a congruent sentence might be attributed to difficulties in determining the referent. If the sentence is incongruent, the
contradicting sources make it more difficult to determine the referent than if the
sentence is congruent and the sources of information are in line. In the visual
world experiment, this difficulty showed up as a delay in fixating the referent
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when the sentence was incongruent as compared to fixating the referent when the
sentence was congruent. After the disambiguating word, but before the end of
the sentence, participants fixated the referent more often than the nonreferent in
the congruent condition but not in the incongruent condition. After the end of the
sentence, participants fixated the referent more than the nonreferent in both the
incongruent condition and the congruent condition. In fact, pairwise comparisons at this point revealed that the referent effect was mainly concentrated in the
incongruent condition, which makes sense considering that participants already
looked more at the referent than at the nonreferent in the congruent condition
before the end of the sentence. Importantly, only trials in which the pronoun was
resolved correctly were included in the analyses from the disambiguating word
onward. As it turned out, participants more often failed to resolve the pronoun
correctly in the incongruent condition than in the congruent condition. This happened spontaneously, as participants were not urged to respond fast, but, instead,
were instructed to avoid making mistakes, and this is additional evidence that it
is more difficult to resolve the pronoun in the incongruent than in the congruent
condition.
Finally, the results showed an unanticipated difference between the NP1verb and NP2-verb conditions. The results suggest that the disambiguation process was completed sooner for the incongruent NP1-sentences than for the incongruent NP2-sentences. As far as revealed by the sentence judgment pretest,
this difference cannot be attributed to a difference in strengths of the disambiguating clauses. The offline judgment pretest resulted in comparable disambiguation strengths: In NP1-incongruent sentences, the referent was chosen in 89%
of the cases with a certainty score of 82%, and in NP2-incongruent sentences,
the numbers were 94% and 90%, respectively. It is not clear why participants
seemed to have had more trouble disambiguating NP2-incongruent sentences
than NP1-incongruent sentences. There is no clear support for this difference in
the literature. Some studies showed a larger congruency effect in the NP1-bias
than in the NP2-verb condition (e.g., Stewart, Pickering, & Sanford, 2000; in
the pronoun condition); others studies showed an opposite pattern (e.g., Long &
De Ley, 2000); yet again others showed no difference (e.g., Garnham, Traxler,
Oakhill, & Gernsbacher, 1996). These studies have used different verbs and different tasks, which complicates direct comparisons. In Chapter 5, the issue of
processing differences between the NP1-verb and NP2-verb conditions will be
discussed further.
Summarizing, the experiment showed that implicit causality information is
used early during sentence processing and that it immediately comes into play
together with the effect of first mention, that is, the effect of one or more structure-related sources of information. First mention had its effect early in the sentence, at the pause between the main clause and the subordinate clause. The
influence of implicit causality was found at the processing of the pronoun before
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encountering any disambiguating information. Additionally, a clash between implicit causality and world knowledge resulted in a congruency effect at the end of
the sentence, when disambiguating information enabled the definite resolution of
the pronoun. By using pronouns that contained no disambiguating information,
the experiment provided clear support for a focusing hypothesis of the influence
of the implicit causality bias of the verb in the main clause on the processing of
the subsequent sentence. These findings are in line with language processing being immediate and incremental.
Given the evidence for a direct influence of the implicit causality bias on the
processing of ambiguous pronouns, it might be assumed that a similar effect may
be obtained for sentences containing an implicit consequentiality bias, which is a
bias regarding who is most likely to be affected by the consequence of an interpersonal event. As explained in the first Chapter, it is not clear whether implicit
causality and implicit consequentiality information will be available equally fast
during online language comprehension. In implicit causality sentences, consequences are given and causes implied, whereas in implicit consequentiality sentences the reverse is true: Causes are given and consequences implied. It is an
empirical question whether these two types of sentences are processed in a similar fashion, or whether they are processed differently as a result of differences in
the order of cause and effect. This issue is the topic of the next Chapter.
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4

The Time Course of the Use of Implicit Causality
Information and Implicit Consequentiality Information

4.1 Introduction
Experiment 3, which is reported in Chapter 3, provided evidence that implicit
causality information is used early during sentence processing. It also showed
that implicit causality had a late effect after disambiguating information was
encountered: Participants started looking predominantly at the referent earlier
in congruent implicit causality sentences than in incongruent implicit causality
sentences. Experiment 4, which is reported in this Chapter, investigated whether
a related type of bias, that is, implicit consequentiality, is similarly used early
during the processing of cause-consequence sentences, that is, before disambiguating information is encountered and whether a similar congruency effect occurs
in the processing of cause-consequence sentences. The experiment investigated
the time course of the use of implicit consequentiality information as well as the
time course of the use of implicit causality information.
Experiment 4 used verbs from the sentence completion experiments reported
in Chapter 2. In that Chapter, it was explained how a set of interpersonal verbs
was obtained that showed both an implicit causality and implicit consequentiality
bias. The strength of the implicit causality bias for a verb was determined using
fragments containing that verb followed by the connective because. The strength
of the implicit consequentiality bias for the same verb was determined using
fragments containing the verb followed by the connective so. The experimental sentence materials for the present experiment consisted of implicit causality
sentences like (1) and implicit consequentiality sentences like (2). Sentences (1)
and (2) contain the interpersonal verb “to bore,” which is associated with an
NP1-because bias and an NP2-so bias.
(1) James boredNP1-because verb Stephen with the story, because he had already told
it a dozen times.
(2) James boredNP2-so verb Stephen with the story, so he eventually stopped
listening.
The pronoun “he” in (1) and (2) is ambiguous and can only be resolved by using
information in the second clause.
In addition to the type of implicit bias (NP1-because, NP2-because, NP1so, or NP2-so), the disambiguating information was either congruent or incongruent with the implicit bias, just as in Chapter 3. Sentences (1) and (2) are
examples of congruent sentences, and sentences (3) and (4) exemplify incongruent sentences.
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(3) James boredNP1-because verb Stephen with the story, because he had already heard
it a dozen times.
(4) James boredNP2-so verb Stephen with the story, so he eventually stopped
talking.
Although implicit causality and implicit consequentiality are both sources of
information that are rooted in causal knowledge of interpersonal events, there are
at least two differences between them. These differences might influence how
they are used. First, in the present experiment, implicit causality sentences were
formed with the connective because, and implicit consequentiality sentences
were formed with the connective so. The results of Chapter 2 show that the connective so is not as constraining as because, with respect to how the clause introduced by the connective is supposed to relate to the previous discourse. Sentence
fragments with so elicited mostly completions expressing a consequence (about
75% of all completions), but also completions that did not express a consequence
(about 25% of all completions). Sentence fragments with because, on the other
hand, almost exclusively elicited completions expressing a cause. This suggests
that, early in the sentence, implicit consequentiality may have a weaker influence
than implicit causality.
A second difference is that implicit causality information traces causality
backward from an interpersonal event to its cause, whereas implicit consequentiality information goes forward from an interpersonal event to its consequence.
Chapter 1 explained that there are two competing theories with respect to whether
it is easier to process a causal relation in consequence-cause or cause-consequence order. The explanation assumption predicts that it is easier to process
a causal relation in consequence-cause order, which is the case with implicit
causality sentences. In contrast, the iconicity assumption predicts that is easier
to process a causal relation in cause-consequence order, which is the case with
implicit consequentiality sentences. Differences in the time course of the use of
implicit causality and implicit consequentiality information may shed light on
this issue.
Like Experiment 3, the present experiment made use of the visual world
method. Again, the protagonists in the aurally presented sentences were animals,
which were depicted in the visual stimuli. However, the experiments differed in
two important aspects. First, in Experiment 3, participants had to say out loud the
name of the animal that was the referent. In the present experiment, participants
had to point at the protagonist that was the referent. Pointing at the referent
should stimulate participants to look more at the objects in the visual stimuli,
since this action requires them to interact with these stimuli (Ballard, Hayhoe,
Pook, & Rao, 1997). In a natural way, this could make the task more sensitive to
picking up effects of the implicit bias.
The second way in which the experiments differed was that the experimen74
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tal sentences in Experiment 3 contained a neutral clause between the main clause
and the clause containing disambiguating information, whereas the experimental
sentences in the present experiment did not contain such a neutral clause. The
neutral clause, which was uninformative with respect to resolving the ambiguous
pronoun, was included because it extended the time range within which an effect
of implicit causality bias might be detected before disambiguating information
was given. In addition, the congruency effect is larger with a neutral clause
between the biasing and disambiguating clause than without the intermediary
neutral clause (Vonk, 1985). However, in Experiment 3, the effect of implicit
causality was detected rapidly after participants encountered the first ambiguous
pronoun, that is, in the connective and pronoun segment of the neutral clause.
The neutral clause was omitted, since a connective and pronoun segment was
also present in the disambiguating clause, since there were always a few words
before the actual disambiguating information, and since the effect of the bias was
found to occur before disambiguating information was presented.
In the present experiment, the early effect that was found for implicit
causality in Experiment 3 was predicted for implicit consequentiality as well.
The effect might be weaker for implicit consequentiality, because the connective
so in implicit consequentiality sentences is less constraining than the connective
because in implicit causality sentences. Both the focusing and the integration
hypothesis predict an effect of congruency. In Experiment 3, it was found that
participants did indeed look predominantly at the referent earlier in the congruent
than in the incongruent condition for implicit causality sentences, and this same
effect was predicted for implicit consequentiality sentences.
As in Experiment 3, first mention (short for the three structure-related sources
of information, as explained in Section 1.6.3) was expected to influence the
initial processing of ambiguous pronouns. In Chapter 3, it was concluded that the
implicit causality bias had to compete with first mention and that the influence of
first mention could be detected before the ambiguous pronoun was encountered.
In the implicit consequentiality sentences, participants were expected to look
more at the protagonist mentioned first than at the protagonist mentioned second
before the ambiguous pronoun was encountered. At the pronoun, the effect of
first mention was expected to interact with an effect of the implicit bias.

4.2 Experiment 4
4.2.1 Method
Participants
There were 45 participants in the visual world experiment. They were students
at Radboud University Nijmegen and native speakers of Dutch. They reported
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having normal hearing and normal or corrected to normal vision. Participants
were paid 7.50 euros for their participation. The data of 32 participants (23
females and 9 males) were entered into the analysis. The data of 5 participants
were excluded because of poor data quality due to excessive blinking, and the
data of 8 participants were excluded because they made errors on more than onesixth of the experimental items. None of the participants took part in any of the
other experiments reported in this thesis.
Materials
As in Chapter 3, auditory and visual stimuli were constructed. See Table 4.1 for
examples of sentences that were presented aurally. The auditory stimuli obeyed
the template [[NP1 verbed NP2 distractor PP,]biasing clause [connective he disambiguating information]disambiguating clause]. The first clause is referred to as the biasing
clause, and the second clause as the disambiguating clause. The verbs in the
sentence materials were obtained from the sentence completion studies discussed
in Chapter 2. The pronoun was always “hij” (he), as in Chapter 3. There were two
versions of each disambiguating clause: a version that was congruent with the
implicit bias introduced in the biasing clause and a version that was incongruent
with this bias. With the exception of one sentence in which the disambiguating information was expressed by an adverbial expression (“onverrichter zake”;
Eng. “without success”), the disambiguating information consisted of one word.
These words will be referred to as disambiguating words (printed in bold in
Table 4.1). There were three factors involved in the experimental materials: the
connective (because, so), the bias of the verb (NP1, NP2), and the congruency of
the disambiguating clause (congruent, incongruent), which created eight conditions (see Table 4.1).
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Table 4.1 Example of a sentence in each of the eight conditions in Experiment 4. These
eight conditions are the result of crossing three factors: implicit bias (NP1/NP2-bias),
connective (because, so), and congruency (congruent, incongruent). The regions of the
sentences are coded in subscript and the disambiguating word is in bold (literal English
translations in italics).
NP1-because, congruent condition:
[De hondNP1 verveeldeNP1-because verb de aapNP2 in de autodistractor]biasing clause
[omdat hij het verhaal al zeker tien keer had verteldcongruent disambiguating word tijdens de rit.]disambiguating clause
[The dogNP1 boredNP1-because verb the monkeyNP2 in the cardistractor]
[because he the story already at least ten times had told congruent disambiguating word during the ride.]disambiguating clause
NP1-because, incongruent condition:
[De hondNP1 verveeldeNP1-because verb de aapNP2 in de autodistractor]biasing clause
[omdat hij het verhaal al zeker tien keer had gehoordincongruent disambiguating word tijdens de rit.]disambiguating clause
[The dogNP1 boredNP1-because verb the monkeyNP2 in the cardistractor]biasing clause
[because he the story already at least ten times had heard incongruent disambiguating word during the ride.]disambiguating clause
NP2-because, congruent condition:
[De wespNP1 maakte zich zorgen omNP2-because verb de rupsNP2 aan het ziekbeddistractor]biasing clause
[omdat hij het verkeerde medicijn had ingenomencongruent disambiguating word de afgelopen nacht.]disambiguating clause
[The waspNP1 was worried aboutNP2-because verb the caterpillarNP2 at the bedsidedistractor]biasing clause
[because he the wrong medicine had taken congruent disambiguating word the previous night.]disambiguating clause
NP2-because, incongruent condition:
[De wespNP1 maakte zich zorgen omNP2-because verb de rupsNP2 aan het ziekbeddistractor]biasing clause
[omdat hij het verkeerde medicijn had toegediendincongruent disambiguating word de afgelopen nacht.]disambiguating clause
[The waspNP1 was worried aboutNP2-because verb the caterpillarNP2 at the bedsidedistractor]biasing clause
[because he the wrong medicine had administered incongruent disambiguating word the previous night.]disambiguating clause
NP1-so, congruent condition:
[De muisNP1 maakte zich zorgen omNP1-so verb de spinNP2 aan het ziekbeddistractor]biasing clause
[dus hij heeft een extra dosis pijnstillers gegevencongruent disambiguating word de afgelopen nacht.]disambiguating clause
[The mouseNP1 was worried aboutNP1-so verb the spiderNP2 at the bedsidedistractor]biasing clause
[so he has an extra dose of painkillers givencongruent disambiguating word the previous night.]disambiguating clause
NP1-so, incongruent condition:
[De muisNP1 maakte zich zorgen omNP1-so verb de spinNP2 aan het ziekbeddistractor]biasing clause
[dus hij heeft een extra dosis pijnstillers gekregenincongruent disambiguating word de afgelopen nacht.]disambiguating clause
[The mouseNP1 was worried aboutNP1-so verb the spiderNP2 at the bedsidedistractor]biasing clause
[so he has an extra dose of painkillers receivedincongruent disambiguating word the previous night.]disambiguating clause
NP2-so, congruent condition:
[De vleermuisNP1 verveeldeNP2-so verb de eekhoornNP2 in de autodistractor]biasing clause
[dus hij hield uiteindelijk op met luisterencongruent disambiguating word tijdens de rit.]disambiguating clause
[The batNP1 boredNP2-so verb the squirrelNP2 in the cardistractor]biasing clause
[so he eventually stopped listeningcongruent disambiguating word during the ride.]disambiguating clause
NP2-so, incongruent condition:
[De vleermuisNP1 verveeldeNP2-so verb de eekhoornNP2 in de autodistractor]biasing clause
[dus hij hield uiteindelijk op met vertellenincongruent disambiguating word tijdens de rit.]disambiguating clause
[The batNP1 boredNP2-so verb the squirrelNP2 in the cardistractor]biasing clause
[so he eventually stopped talkingincongruent disambiguating word during the ride.]disambiguating clause

Selection of verbs. The same 32 verbs that were selected from Experiment 2,
and tested for Experiment 3, were used in this experiment, except for one verb,
“to worry someone,” which was replaced by “to signal,” because “to signal” is
more typically used interpersonally. For Experiment 3, 16 of the 32 verbs were
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selected on the basis of a sentence judgment test that tested the effectiveness of
neutral and disambiguating clauses. For the present experiment, the 32 verbs
were all relevant, because the experimental sentences in the present experiment
did not contain a neutral clause, and because it was possible to adjust the disambiguating clauses. The 32 verbs consisted of 4 verbs that showed an NP1-bias for
fragments with because and fragments with so; 12 verbs that showed an NP1bias for fragments with because and an NP2-bias for fragments with so; 4 verbs
that showed an NP2-bias for fragments with because and fragments with so; and
12 verbs that showed an NP2-bias for fragments with because and an NP1-bias
for fragments with so.
In order to have sufficient verbs whose implicit consequentiality bias was
strong in each group of verbs in the experiment, the criterion that at least two-thirds
of participants had to provide a result completion was not rigorously adhered to
for the verbs “to eavesdrop,” “to bring charges against,” “to criticize,” “to lose,”
and “to warn.” In addition, the two verbs “to annoy” and “to discourage” were
included, although the strength of the NP2-so bias was only 66%. These two
verbs were included because many participants provided result completions to
so fragments with the verbs. For each of the 32 verbs, a because and a so biasing
clause was constructed that only differed in the protagonists (see Table 4.1).
This resulted in 64 biasing clauses. An additional eight verbs were selected that
displayed either a strong implicit causality bias or a strong implicit consequentiality bias. Six of these eight verbs were taken from Experiment 1a in Chapter 2,
and two were taken from Experiment 2 in Chapter 2. The eight verbs consisted
of two NP1-because verbs, two NP2-because verbs, two NP1-so verbs, and two
NP2-so verbs. For each of these eight verbs, a biasing clause was constructed.
In total, 72 biasing clauses were constructed: 36 implicit causality clauses
and 36 implicit consequentiality clauses. These were combined with a congruent
and with an incongruent second clause, resulting in 72 sentence pairs. The
sentences with because were based on the materials from Experiment 3, but
for several verbs the distractor phrase, the disambiguating clause, or both were
changed. The 72 sentence pairs were constructed with the following 72 combinations of verb and connective: 18 NP1-because (mean: 94% NP1-cause-completions, range: 86-99%); 18 NP2-because (mean: 80% NP2-cause-completions,
range: 65-92%); 18 NP1-so (mean: 95% NP1- consequence-completions, range:
82-100%); and 18 NP2-so (mean: 81% NP2-consequence-completions, range:
66-96 %). For a complete overview of the implicit causality and implicit consequentiality bias scores of the verbs in these fragments, see Table C-1 in Appendix
C.
Sentence judgment pretests. The experimental sentence pairs were submitted to
two sentence judgment pretests. An exception were the eight sentence pairs constructed for the eight additional verbs, as those sentence pairs were only tested in
78

Implicit Consequentiality Online
the second judgment pretest. Two different groups of five participants each volunteered in these pretests. Participants were faculty members of the Discourse
Studies group at Tilburg University. They were unfamiliar with the stimuli and
the purpose of the experiment. As in the sentence judgment pretest in Chapter
3, the participants had to indicate for each sentence to which protagonist the
pronoun referred (NP1, or NP2), and how certain they were about their choice
(certain or uncertain).
In additional, participants had to indicate whether the cause-effect relation
expressed by the sentence was considered plausible on a scale from 1 (= not
plausible) to 5 (= plausible). Plausibility was operationalized in the following
way. For sentences with because, participants had to ask themselves: “Is the
fact expressed in the subordinate clause a plausible cause of the event described
in the main clause?,” and for sentences with so: “Is the fact expressed in the
coordinate clause a plausible result of the event described in the main clause?”
If fewer than four out of five participants chose the intended referent, or if the
average plausibility of a sentence was below 3.75 in the first judgment pretest,
the sentences were revised. Sentences were revised for 6 NP1-because verbs,
1 NP2-because verb, 7 NP1-so verbs, and 10 NP2-so verbs. The revisions
always affected the sentence pair for that verb, which consisted of a congruent
and an incongruent sentence. The revised sentences were submitted to a second
judgment pretest, which additionally tested the eight sentence pairs constructed
for the eight additional verbs.
The mean certainty and plausibility scores for the sentences in the eight
conditions of the experiment are presented in Table 4.2. The means were taken
from the first judgment pretest for unrevised items and from the second judgment
pretest for revised items. The sentence pairs that were submitted to the second
judgment pretest were used in the online experiment without further revisions.
The list of experimental sentences can be found in Table C-2 in Appendix C.
Table 4.2 Mean certainty scores (1 = certain about referent; 2 =uncertain about referent)
and plausibility scores (on a scale of 1 to 5; 1 = not plausible, 5 = plausible) as a function
of bias and congruency for the sentences used in Experiment 4.
Bias

Congruency

NP1-because

Congruent
Incongruent
Congruent
Incongruent
Congruent
Incongruent
Congruent
Incongruent

NP2-because
NP1-so
NP2-so
Mean

Certainty

Plausibility

1.98
1.82
1.91
1.92
1.98
1.87
1.89
1.88

4.51
3.93
4.64
4.39
4.33
3.90
4.11
3.80

1.91

4.20
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Preparation of the Auditory Stimuli
The 72 experimental sentence pairs, together with eight warm-up sentence
pairs and 16 practice sentences, were recorded in a soundproof booth, in three
recording sessions, which took place at the same time of day and within one
week. The speaker was a female native speaker of Dutch who received the same
instructions as the speaker in Chapter 3. She was naive with respect to the experimental conditions. Recording parameters were the same as those reported in
Chapter 3. All sentences constructed with a particular verb were recorded in
succession. These groups of sentences were recorded in pseudorandom order
with regard to the implicit bias, such that no more than three verbs with the same
implicit bias followed each other. Again, congruent and incongruent versions of
a sentence were recorded after each other. Unlike in Experiment 3, the order of
mention of the two protagonists was varied, so there were two versions of each
sentence. The order of mention of the protagonists in the main clause was varied
to avoid findings being attributed to (visual) properties of the protagonists (see
also Altmann, 2004). As in Experiment 3, each sentence was read out loud twice,
and when a mistake was made, a sentence was read out loud anew. There were
two replications for each of the combinations of the factors protagonist order and
congruency. On the clause level, this resulted in four auditory tokens of a biasing
clause in one protagonist order and four tokens of the biasing clause in the other
protagonist order, as well as four tokens of the congruent disambiguating clause
and four tokens of the incongruent disambiguating clause.
The auditory experimental materials were constructed from a selection of
the tokens for the biasing main clauses and the disambiguating second clauses
separately. The criteria for selecting the tokens were the same as for Experiment
3. They had to be read aloud naturally, spoken at a comfortable pace, and the protagonists should have a comparable intonation. It was important for the intonation
pattern to be similar for the tokens with the two protagonist orders. Furthermore,
for verbs with both an implicit causality bias and an implicit consequentiality
bias, it was verified whether the tokens for the because and the so clauses were
spoken at a comparable pace and pronounced with similar intonation. The best
tokens for the two protagonist orders were chosen as the main clauses for the
experimental sentences, such that fifty percent of the tokens for the main clauses
was taken from an originally congruent sentence and fifty percent from an originally incongruent sentence.
The disambiguating clauses were chosen such that half the tokens were originally congruent and the other half originally incongruent. The incongruent and
congruent counterparts of these clauses were constructed by splicing the appropriate disambiguating word into the disambiguating clause, as in Experiment
3. The splicing procedure was performed to control for possible differences
in prosody between congruent and incongruent stimuli before the onset of the
disambiguating word. Finally, the main clauses with two different protagonist
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orders per verb per connective were combined with the congruent and incongruent disambiguating clauses. This resulted in two sets of the 72 pairs of congruent
and incongruent sentences; the protagonist order in one set was the reverse of
the protagonist order in the other set. As for Experiment 3, preparation of the
auditory stimuli was performed using Praat (Boersma, 2001).
Preparation of the Visual Stimuli
The visual stimuli were black and white cartoon-style line drawings that were
created according to the same format as described in Chapter 3 (see Figure 3.1).
In the experiment, 48 different animals were used: eight different animals
for the practice items and 40 different animals for the experimental and warm-up
items. The 40 animals used for the experimental and warm-up sentences were
presented four times in the 72 experimental stimuli and in the eight warm-up
stimuli. Animals never occurred twice in the same combination, and each animal
occurred twice as an NP1-protagonist and twice as an NP2-protagonist: once
as the referent and once as the nonreferent. The distractor object was semantically related to the prepositional phrase in the biasing clause and served to
direct attention away from the animals before the onset of the pronoun. As in
Experiment 3, a version of each picture was created in which the animal cartoons
had swapped places and were mirrored. An overview of the visual stimuli can be
found in Table C-3 in Appendix C.
Design
There were 144 experimental sentences, consisting of 72 sentence pairs of a
congruent and incongruent sentence, as explained above. The two versions of
each sentence, created for the two different protagonist orders (see the Section
“Preparation of auditory stimuli”), resulted in 288 auditory stimuli. These auditory
stimuli were combined with a visual stimulus that depicted the NP1-protagonist
at the bottom left and with a visual stimulus that depicted the NP1-protagonist
at the bottom right (see Figure 3.1). In total, there were 576 different stimuli,
which consisted of combinations of an auditory and a visual stimulus. These 576
experimental stimuli were divided over eight lists of 72 stimuli. In each of the
four bias conditions (NP1-because, NP2-because, NP1-so, and NP2-so), each of
the eight lists contained 18 stimuli: half with a congruent and half with an incongruent sentence. The same verb occurred with because and with so within a list,
except for the eight verbs that were selected either for their implicit causality or
for their implicit consequentiality bias. Congruency of the disambiguating clause
with the bias of the verb (congruent/incongruent), Position of the NP1-object
(bottom left/bottom right), and Protagonist order (two possible orders) were
varied over the eight lists. The order of the stimuli was pseudorandomized such
that no more than three items occurred consecutively that were identical with
respect to connective, verbbias, congruency, and the position of the NP1-object.
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Participants were assigned randomly to one of the eight lists.
Procedure
Participants were seated approximately 70 cm from a 17” computer monitor in
a dimly lit, soundproof booth. The display monitor was set to a resolution of
640x480 pixels and at a refresh rate of 60 Hz. Eye movements were tracked with
an SR Research EyeLink II eyetracker in pupil-corneal reflection tracking mode.
Sampling rate was 250 Hz (a sample every 4 ms).
Prior to the actual experiment, there was a naming session to ensure that
participants properly identified the cartoon animals by the names used in the
sentences, and to familiarize the participants with the cartoon drawings. In the
naming session, the 48 animals were presented in four blocks of 12 animals.
When an animal appeared on the screen, participants had to say its name out
loud. If they chose a different name than intended, they were corrected. Blocks
in which an error was made were repeated directly following that block. One
repetition sufficed in all cases.
After the naming session, the instructions of the actual experiment were read
out to the participants. They were instructed to look at the picture while listening
attentively to the sentences presented to them over a headphone. At the end of
the sentence, they had to point in the direction of the animal that they believed
to be the referent of the pronoun “he” in the sentence. Participants pointed with
the index finger of their preferred hand. To prevent participants from moving
the upper part of their body in the act of pointing, they pointed with their elbow
resting on the arm of the chair in which they were seated. It was emphasized that
responding accurately was more important than responding fast. To conceal that
the experiment was about gaze direction, they were told that the experiment was
set up to investigate the relation between hand motor responses and language
comprehension. After the experiment, participants were informed about the true
goal of the experiment in a debriefing session.
After the installation and the calibration of the eye-tracker equipment and a
practice block of eight trials, the actual experiment commenced. There were 72
experimental items, presented in two blocks. A block started with four warm-up
trials. Between the two blocks, the participants had a pause after which the eyetracker was installed and calibrated anew.
Before each trial a star appeared at the centre of the screen. Participants had
to press a foot pedal to initiate the trial, and then a calibration circle appeared
in the centre of the screen. Participants had to fixate the middle of the circle
accurately, and this fixation was used to perform an automatic drift correction
at the start of each trial. The trial proceeded 500 ms later with the simultaneous presentation of the auditory stimulus and the visual stimulus. There was no
preview time for the visual stimulus. After the offset of the auditory stimulus, the
visual stimulus remained on the screen. Participants had to point at the animal
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they judged to be the referent of the pronoun, without moving their head or
body in the direction of the screen. They had to keep pointing at the animal until
they had confirmed their choice by pressing the foot pedal. Foot pedal responses
were registered starting from 200 ms after the sentence had ended, to make sure
the complete sentence had been presented to participants before they confirmed
their choice of referent. Pressing the foot pedal terminated the presentation of
the visual stimulus and terminated the trial. The experimenter noted down at
which animal the participant had pointed. After the trial terminated, the central
star appeared anew. During the presentation of the central star, participants were
allowed to blink, and they were encouraged to do so in order to keep their eyes
moist. The experiment took approximately 50 minutes.
Analysis
The eye movements were parsed by EyeLink II software into three types of eyemovement events: saccades, fixations, and blinks. This happened in the same way
as described in Chapter 3 for the eye movements recorded with the EyeLinkI.
The visual areas of analysis. There were four areas that participants could look
at: the NP1-area, the NP2-area, the distractor area, and the background area. The
way the areas were defined and the way fixations were assigned to areas were
the same as in Experiment 3. Looking at the NP-area where a protagonist was
depicted was also referred to as looking at that protagonist.
The auditory segments of analysis. In order to link eye movement data to
language processing, the auditory stimuli were divided into eight consecutive
segments (see Figure 4.1). The eight segments were, in order of appearance: the
second protagonist in the biasing clause (NP2 segment), the distractor segment
(distractor segment), the pause after the main clause (pause segment), the connective and the pronoun that started the disambiguating clause (connective and
pronoun segment), the disambiguating clause up to the disambiguating word
(segment before disambiguation), the disambiguating word (disambiguating
segment), the remaining part of the disambiguating clause (segment after disambiguation), and a 500 ms segment after the end of the sentence (segment after the
sentence). As explained in Chapter 3, 200 ms was added to the onsets and offsets
of the segments in the auditory material. The average length of the segments
before the onset of the disambiguating word was calculated separately for each
bias condition, and, from the disambiguating word onward, it was calculated
separately for each bias condition as a function of congruency (see Table C-4 in
Appendix C).
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onset
noun
onset
distractor pause

onset
connective

NP2

200 ms

because he

200 ms

200 ms

time

200 ms

The dog bored the monkey in the car,

distractor pause conn + pro
onset onset post
disambi- disambiguation guation

onset
pre disambiguation

onset
pre DW

200 ms

onset noun
NP2

end
sentence

700 ms after
end sentence

pre_disamb

200 ms

200 ms

200 ms

time
(cont’d)

200 ms

the story already at least ten times had told during the ride.

disamb post_disamb post_sentence

Figure 4.1 The eight segments of analysis set off against an example of an experimental
sentence in Experiment 4. The segments, which started 200 milliseconds after the onset
of their corresponding linguistic input elements, are labeled below the example sentence
marked by left and right arrowed lines. The onsets of the linguistic input elements are
displayed above the sentence.

The measure of analysis. The data were analyzed using the same measure as in
Experiment 3, namely the Looks measure. Looks that started with a blink in one
area and ended in another area were again excluded from the Looks analyses
(less than 2% of all looks data in all conditions).
Statistical analysis. The data were analyzed using repeated measures ANOVA.
Separate ANOVAs were performed for the because-items and the so-items. The
two factors in the ANOVAs for segments before the onset of the disambiguating word were Verbbias (NP1-bias verbs, NP2-bias verbs) and NP-area (NP1area, NP2-area). From the disambiguating word onward, the sentences were
either congruent or incongruent with the implicit causality bias, so Congruency
(congruent, incongruent) was added as a factor for segments that started after
the onset of the disambiguating word. In the analyses by participants (F1), all
factors were within variables. In the analyses by items (F2), NP-area was a within
variable, whereas Verbbias and Congruency were treated as between variables.
The position of the NP1-protagonist in the visual stimuli (bottom left/bottom
right) and the order of the protagonists in the auditory stimuli (two different
orders) were counterbalancing variables that were not included as factors in the
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analyses. Effects were considered significant if they were significant by items as
wells as by participants. A minF’ was calculated on the basis of the analyses by
participants and by items (Clark, 1973).
Predictions for auditory segments preceding the disambiguating word. In the
introduction of this Chapter, predictions were formulated on the basis of the
results of Experiment 3, and based on the focusing and integration hypotheses
applied to implicit consequentiality. These predictions were specified in terms of
statistical effects that were expected to occur in the segments of analysis here.
According to the focusing hypothesis, an effect of implicit causality and consequentiality may occur shortly after the verb has been processed and before
any disambiguating information is presented. This means that the effect of
the implicit bias should occur in one or more of the segments from the pause
segment up to the disambiguating segment. Participants should look more at the
protagonist that is favored by the implicit bias than at the protagonist that is not
favored by the implicit bias, resulting in an interaction between Verbbias and
NP-area. For the implicit causality condition, a replication was expected of the
Verbbias and NP-area interaction found in Experiment 3 in the connective and
pronoun segment. For the implicit consequentiality condition, it was the question
whether the same effect would occur as early as for implicit causality. Based on
the findings in Chapter 2, it was expected that the early effect of implicit consequentiality would be less strong than the early effect of implicit causality.
Additionally, as in Experiment 3, three other effects were expected to occur.
First, in the NP2 segment, it was expected that participants would look more at
the NP2-area than at the NP1-area, due to the auditory presentation of the second
protagonist. This should result in an effect of NP-area, and this would support
that the visual world method was applied successfully. Second, in the distractor
segment, it was expected that the NP2-area advantage during the NP2 segment
would be nullified due to processing of the distractor phrase, so no effect of
NP-area and no interaction between Verbbias and NP-area was expected in that
segment. Third, in the pause segment, which followed the main clause, it was
expected that an effect would occur of first mention. Participants should look
more at the NP1-area than at the NP2-area resulting in an effect of NP-area.
Predictions for auditory segments from the disambiguating word onward. At
the disambiguating word, participants received information that enabled them
to disambiguate the pronoun in the sentence. For NP1-because verbs and NP1so verbs, the referent was the NP1-protagonist in the congruent condition and
the NP2-protagonist in the incongruent condition. For NP2-because verbs and
NP2-so verbs, the referent was the NP2-protagonist in the congruent condition
and the NP1-protagonist in the incongruent condition. As in Experiment 3, it was
expected that participants would look more at the referent than at the nonrefer85
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ent at or after the disambiguating segment. Predominant looks at the referent
resulted in a three-way interaction between Verbbias, NP-area, and Congruency.
In addition, it was expected that there would be an effect of congruency of the
disambiguating clause with the implicit bias of the verb. Both the focusing and
integration hypothesis predict an effect of congruency. In Experiment 3, a congruency effect showed up as a difference in the moment in time at which participants
started looking predominantly at the referent: Participants looked predominantly
at the referent in the segment after disambiguation for congruent sentences, and
a segment later, in the segment after the sentence, for incongruent sentences.
Accordingly, in the present experiment, participants should look predominantly
at the referent at an earlier moment in time in the congruent condition than in the
incongruent condition. Furthermore, as was explained in Chapter 3, the interaction between Verbbias and NP-area may also be interpreted as a congruency
effect. In the present experiment, a congruency effect might manifest itself in
one or both of these ways.
4.2.2 Results
For segments preceding the disambiguating word, data were included in the
analysis regardless of whether the participants correctly resolved the pronoun,
because early effects of the implicit bias may occur independently of whether
participants were able to resolve the pronoun. For segments from the disambiguating word onward, only those data were included in the analysis where the
participants had correctly resolved the pronoun.
Sentence pairs, each of which consisted of a congruent and an incongruent
sentence, were excluded from the analysis if 25% of all participants or more chose
the wrong protagonist as referent for the pronoun in the congruent condition (3
sentence pairs), the incongruent condition (5 sentence pairs), or both (2 sentence
pairs). This resulted in the exclusion of 10 of the 72 experimental sentence pairs
(4 NP1-because, 1 NP2-because, 3 NP1-so, and 2 NP2-so items). For presentation purposes, the graphs for the Looks were smoothed in the same way as in
Chapter 3.
Before the Onset of the Disambiguating Word
There were five segments before the onset of the disambiguating word: the NP2,
distractor, pause, connective and pronoun segment, and the segment before
disambiguation (see Figure 4.1). The graphs for the Looks data for the NP2,
distractor, and pause segments are shown in Figure 4.2, and the graphs for the
Looks data for the connective and pronoun segment and the segment before disambiguation are shown in Figure 4.3. The results of the ANOVAs are presented
in Tables 4.3 and 4.4.
NP2 segment. There was a main effect of NP-area: Participants looked more at
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the NP2-area than at the NP1-area with because-items (.52 versus .30), as well
as with so-items (.50 versus .31), and this corresponded to the predictions for the
NP2 segment. This shows that the visual world method was applied successfully.
There was no interaction between Verbbias and NP-area.
Distractor segment. Here too, there was a main effect of NP-area: Participants
looked more at the NP2-area than at the NP1-area with because-items (.45
versus .34), as well as with so-items (.45 versus .30). The effect of NP-area was
expected to be nullified in the distractor segment, but this did not happen. As
can be seen in Figure 4.2, the lines for Looks at the NP2-area and the NP1-area
do come together, but this either happens late in the distractor segment or at
the end of the distractor segment. Figure 4.2 also shows that little attention was
devoted to the distractor object itself. In addition, there was an effect of Verb for
because-items: Participants looked more at both the NP1-area and NP2-area in
the NP1-because than in the NP2-because condition (.40 versus .38). This small
difference was significant due to a very small error term.

Pause segment. There were no effects in the pause segment, even though
an NP1-advantage had been expected. The predicted nullification of
the effect of NP-area in the distractor segment occurred in the pause
segment.

Connective and pronoun segment. For the because-items, there was a marginally significant interaction between Verbbias and NP-area. The direction of this
interaction was as expected according to the implicit causality bias. The average
Looks at the NP1-area versus NP2-area were .48 versus .37 for NP1-because
verbs and .42 versus .44 for NP2-because verbs. For the so-items, there was a
marginal effect of NP-area: Participants looked more at the NP1-area than at the
NP2-area (.46 versus .40).
Segment before disambiguation. For because-items, there was an interaction
between Verbbias and NP-area. The direction of this interaction is consistent
with the implicit causality bias. Pairwise comparisons showed that, for NP1because verbs, participants looked more at the NP1-area than at the NP2 area
(.53 versus .35): t1(31) = 4.18, p < .01; t2(13) = 3.80, p < . 01. For NP2-because
verbs, participants looked more at the NP2-area than at the NP1-area (.48 versus
.40) in an absolute sense, but this was only marginally significant by items: t1(31)
= -1.58, p = .125; t2(16) = -2.08, p = .054.
There was an effect of NP-area for so-items. As in the previous two segments,
participants looked more at the NP1-area than at the NP2-area (.48 versus .40).
The first-mention effect and subject bias still dominated in the segment before
disambiguation. No effect of implicit consequentiality was found.
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Figure 4.2 Looks data for the NP2 segment (np2: A, D, G, and J), distractor segment
(distractor: B, E, H, and K) and pause segment (pause: C, F, I, and L) in Experiment 4.
The width of each grey area is equal to the average length of the corresponding segment
of analysis. The data in the panels are aligned to the onset of the linguistic input element
with which the segment of analysis corresponded (see Figure 4.1).
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Figure 4.3 Looks data for the connective and pronoun segment (conn+pro: A, C, E, and
G) and segment before disambiguation (pre_disamb: B, D, F, and H) in Experiment 4.
The width of each grey area is equal to the average length of the corresponding segment
of analysis. The data in the panels are aligned to the onset of the linguistic input element
with which the segment of analysis corresponded (see Figure 4.1).
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Table 4.3 Results of the statistical analyses of Looks data for the because-items per segment that started before the onset of the
disambiguating word (Experiment 4). The table gives an overview of F1, F2 and MinF’ analyses (V = Verbbias, N = NP-area).
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0.07
0.01
0.00
0.05
0.03
0.00
0.04
0.02
0.00
0.04
0.02

0.648
0.001
0.548
0.358
0.007
0.851
0.658
0.166
0.851
0.697
0.100
0.778
0.288
0.035
0.738

By Participants
MSE
p

*

†

**

**

0.17
48.40
0.19
0.58
51.30
0.01
0.10
4.51
0.04
0.14
4.13
0.09
0.45
11.23
0.18

F2
(1,29)
0.00
0.01
0.01
0.00
0.01
0.01
0.00
0.01
0.01
0.00
0.01
0.01
0.00
0.01
0.01

0.685
0.000
0.666
0.451
0.000
0.914
0.753
0.042
0.847
0.714
0.052
0.763
0.509
0.002
0.673

SO-items
By Items
MSE
p

**

†

*

**

**

59.60
43.80
55.50
58.40
38.10
49.00
55.10
51.20
59.80
60.00
57.40
59.40
51.20
50.70
56.20

df2
0.09
10.27
0.13
0.35
7.10
0.01
0.07
1.39
0.02
0.07
1.70
0.04
0.32
3.40
0.07

0.765
0.003 **
0.720
0.556
0.011 *
0.921
0.792
0.244
0.888
0.792
0.197
0.842
0.574
0.071 †
0.792

MinF’
MinF’
p
(1,df2)

Table 4.4 Results of the statistical analyses of Looks data for the so-items per segment that started before the onset of the disambiguating
word (experiment 4). The table gives an overview of F1 and F2 and MinF’ analyses (V = Verbbias, N = NP-area).
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From the Disambiguating Word Onward
There were three segments from the disambiguating word onward: the disambiguating segment, the segment after disambiguation, and the segment after the
sentence. The results are given below per segment, again in the chronological
order of the segments in the sentences.
Trials in which participants failed to resolve the pronoun correctly were
excluded from the analysis of segments from the disambiguating word onward.
As explained above, not all experimental sentence pairs were included in the
analysis (sentence pairs were excluded for which error percentages were 25%
or more in the congruent condition, the incongruent condition, or both). For the
sentence pairs that were included in the analysis, the percentages of incorrect
trials in the eight conditions of the experiment were: NP1-because congruent,
7.6%; NP1-because incongruent, 8%; NP2-because congruent, 1.8%; NP2because incongruent, 6.3%; NP1-so congruent, 3.3%; NP1-so incongruent,
7.9%; NP2-so congruent, 10.5%; NP2-so incongruent, 9.4%. For all sentence
pairs, regardless of whether they were included in the analysis, the percentages
of incorrect trials in the eight conditions of the experiment were: NP1-because
congruent, 11.5%; NP1-because incongruent, 12.8%; NP2-because congruent,
1.7%; NP2-because incongruent, 7.6%; NP1-so congruent, 8.3%; NP1-so incongruent, 15.6%; NP2-so congruent, 13.2%; NP2-so incongruent, 9.4%. The error
percentages support the notion that the on-line task is difficult and that high error
percentages are not specific to Experiment 3. The error rates will be discussed in
Chapter 5. The graphs for the Looks data for the because- and so-items are shown
in Figures 4.4 and 4.5, respectively. The results of the ANOVAs are presented in
Tables 4.5 and 4.6.
Disambiguating segment. For because-items, there was an interaction between
Verbbias and NP-area. This interaction effect can be explained by the fact the
referent advantage (Looks to the referent – Looks to the nonreferent) was larger
in the congruent condition (.18) than in the incongruent condition (-.06), see
Figure 4.4, panels A and G versus panels D and J. Figure 4.4 also shows that
the NP1-because verbs (panels A and D) contributed more to the interaction
between Verbbias and NP-area than the NP2-because verbs (panels G and J). For
NP1-because verbs, the referent advantage was .21 (.54-.33) in the congruent
condition and -.15 (.38 - .53) in the incongruent condition. For NP2-because
verbs, the referent advantage was .14 (.54-.40) in the congruent condition and
.03 (.46 - .43) in the incongruent condition. Apparently, it was more difficult to
solve the ambiguous pronoun in the NP1-because incongruent condition than in
the NP2-because incongruent condition.
For so-items, there was an effect of NP-area and a three-way interaction
between Verbbias, NP-area, and Congruency. The effect of NP-area was due
to the fact that participants looked more at the NP1-area than at the NP2-area
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for so-items (.49 versus .41). Pairwise comparisons were performed to explore
the three-way interaction effect found for so-items. In the NP1-so congruent
condition, participants looked more at the NP1-area than at the NP2-area (.53
versus .38): t1(31) = 2.72 , p < .05; t2(14) = 2.45, p < .05. In the NP1-so incongruent condition, participants did not look more at the NP2-area than at the NP1area (.49 versus .42): t1(31) = -1.47 , p = .152; t2(14) = 1.50, p = .156. In the
NP2-so congruent condition, participants did not look more at the NP2-area than
at the NP1-area (.46 versus .43): t1(31) < 1; t2(15) < 1. In the NP2-so incongruent
condition, participants looked more at the NP1-area than at the NP2-area (.56
versus .34): t1(31) = 3.84 , p < .01; t2(15) = 3.18, p < .01. The three-way interaction for so-items seemed to be due to the fact that participants only looked more
at the referent than at the nonreferent in conditions in which the referent was the
NP1-protagonist.
Segment after disambiguation. For because-items, there was a three-way interaction between Verbbias, NP-area, and Congruency and an interaction between
NP-area and Congruency. The interaction between NP-area and Congruency was
not explored further, as the interpretation of this two-way interaction is of no
theoretical relevance. The three-way interaction effect was explored by means
of pairwise comparisons. In the NP1-because congruent condition, participants
looked more at the NP1-area than at the NP2-area (.61 versus .28): t1(31) = 5.61 ,
p < .01; t2(13) = 6.45, p < .00. In the NP1-because incongruent condition, participants looked more at the NP2-area than at the NP1-area (.55 versus .38): t1(31)
= 2.84, p < .01; t2(13) = 2.50, p < .05. In the NP2-because congruent condition,
participants looked more at the NP2-area than at the NP1-area (.66 versus .25):
t1(31) = 7.54, p < .01; t2(16) = 9.87, p < .01. In the NP2-because incongruent
condition, participants looked more at the NP1-area than at the NP2-area (.65
versus .26): t1(31) = 5.92 , p < .01; t2(16) = 6.26, p < .01.
For so-items there was a three-way interaction between Verbbias, NP-area,
and Congruency, as in the previous segment, which was again explored by means
of pairwise comparisons. In the NP1-so congruent condition, participants looked
more at the NP1-area than at the NP2-area (.63 versus .26): t1(31) = 6.75 , p <
.01; t2(14) = 5.94, p < .01. In the NP1-so incongruent condition, participants
looked more at the NP2-area than at the NP1-area (.64 versus .28): t1(31) = 6.80
, p < .01; t2(14) = 6.85, p < .01. In the NP2-so congruent condition, participants
looked more at the NP2-area than at the NP1-area (.57 versus .33): t1(31) = 5.25
, p < .01; t2(15) = 3.40, p < .01. In the NP2-so incongruent condition, participants
looked more at the NP1-area than at the NP2-area (.65 versus .26): t1(31) = 8.09,
p < .01; t2(15) = 6.95, p < .01.
The pairwise comparisons showed that participants looked more at the
referent than at the nonreferent in all conditions. This showed that participants
had resolved the referent of the pronoun before the end of the sentence, both in
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the congruent and in the incongruent condition for both because-items and soitems. The results for this segment, together with the interaction effect between
Verbbias and NP-area in the previous segment, show that implicit causality played
a role during the processing of the disambiguating information for becauseitems. At first, in the disambiguating segment, the referent advantage was larger
for congruent items than for incongruent items. Subsequently, the referent was
resolved in both congruent and incongruent conditions. The results for this
segment, together with the results for so-items in the disambiguating segment,
suggest that first mention played a more prominent role than implicit consequentiality during the processing of disambiguating information for so-items.
Segment after the sentence. Again, as in the previous segment, there was a threeway interaction between Verbbias, NP-area, and Congruency for because-items
and an interaction between Congruency and NP-area. Pairwise comparisons
were performed to clarify the three-way interaction effect. In the NP1-because
congruent condition, participants looked more at the NP1-area than at the NP2area (.75 versus .12): t1(31) = 10.63 , p < .01; t2(13) = 10.14, p < .01. In the NP1because incongruent condition, participants looked more at the NP2-area than at
the NP1-area (.74 versus .20): t1(31) = 10.12 , p < .01; t2(13) = 8.09, p < .01. In
the NP2-because congruent condition, participants looked more at the NP2-area
than at the NP1-area (.84 versus .11): t1(31) = 15.84 , p < .01; t2(16) = 17.19, p <
.01. In the NP2-because incongruent condition, participants looked more at the
NP1-area than at the NP2-area (.82 versus .14): t1(31) =12.30, p < .01; t2(16) =
12.64, p < .01.
For so-items, there was also again a three-way interaction between Verbbias,
NP-area, and Congruency that was clarified by means of pairwise comparisons.
In the NP1-so congruent condition, participants looked more at the NP1-area
than at the NP2-area (.84 versus .10): t1(31) = 17.76, p < .01; t2(14) = 14.16,
p < .01. In the NP1-so incongruent condition, participants looked more at the
NP2-area than at the NP1-area (.82 versus .15): t1(31) = 13.79, p < .01; t2(14) =
14.76, p < .01. In the NP2-so congruent condition, participants looked more at
the NP2-area than at the NP1-area (.79 versus .17): t1(31) = 11.79 , p < .01; t2(15)
= 14.16, p < .01. In the NP2-so incongruent condition, participants looked more
at the NP1-area than at the NP2-area (.78 versus .17): t1(31) = 13.90, p < .01;
t2(15) = 12.73, p < .01.
The pairwise comparisons again showed that participants looked more
at the referent than at the nonreferent in all conditions, just as they did in the
previous segment. This may be explained by the fact that they had to wait until
200 ms after sentence offset before they could confirm their choice of referent by
pressing the foot pedal.
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Figure 4.4 Looks data for the because-items in the disambiguating segment (disamb: A,
D, G, and J), the segment after disambiguation (post_disamb: B, E, H, and K) and the
segment after the sentence (post_sentence: C, F, I, and L) in Experiment 4. The width of
each grey area is equal to the average length of the corresponding segment of analysis.
The data in the panels are aligned to the onset of the linguistic input element with which
the segment of analysis corresponded (see Figure 4.1).
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NP1-so verbs, congruent
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Figure 4.5 Looks data for the so-items in the disambiguating segment (disamb: A, D, G,
and J), the segment after disambiguation (post_disamb: B, E, H, and K) and the segment
after the sentence (C, F, I, and L) in Experiment 4. The width of each grey area is equal
to the average length of the corresponding segment of analysis. The data in the panels are
aligned to the onset of the linguistic input element with which the segment of analysis
corresponded (see Figure 4.1).
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**, p < .01; *, p < .05; †, p < .1

after sentence

after
disambiguation

2.54
0.53
2.70
3.92
14.86
1.02
4.44
0.01
0.48
0.98
2.56
2.58
10.64
66.09
1.37
0.17
0.11
0.06
0.37
16.91
329.51

disambiguating

V
C
N
V*C
V*N
C*N
V*C*N
V
C
N
V*C
V*N
C*N
V*C*N
V
C
N
V*C
V*N
C*N
V*C*N

F1
(1,31)

Segment of
analysis
0.00
0.01
0.11
0.01
0.06
0.04
0.06
0.00
0.00
0.07
0.00
0.04
0.03
0.10
0.00
0.00
0.03
0.00
0.06
0.02
0.08

0.121
0.474
0.110
0.057
0.001
0.320
0.043
0.921
0.496
0.329
0.120
0.118
0.003
0.000
0.252
0.679
0.740
0.801
0.546
0.000
0.000

By Participants
MSE
p

**
**

**
**

*

†
**

2.72
0.07
3.86
6.02
12.39
0.69
2.57
0.01
1.39
1.82
1.88
3.22
7.85
135.95
1.14
0.48
0.02
0.03
0.77
7.89
532.48

F2
(1,58)
0.00
0.00
0.03
0.00
0.03
0.03
0.03
0.00
0.00
0.02
0.00
0.02
0.02
0.02
0.00
0.00
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0.00
0.02
0.02
0.02

0.105
0.792
0.054
0.017
0.001
0.409
0.115
0.924
0.243
0.182
0.175
0.078
0.007
0.000
0.289
0.490
0.876
0.868
0.385
0.007
0.000

BECAUSE-items
By Items
MSE
p

**
**

†
**
**

†
*
**

82.40
39.50
87.50
88.20
76.00
70.00
65.50
78.30
85.70
89.00
72.50
85.50
72.50
88.80
76.10
86.40
45.00
57.70
88.80
59.70
88.60

df2
1.31
0.06
1.59
2.38
6.76
0.41
1.63
0.00
0.35
0.64
1.08
1.43
4.52
44.47
0.62
0.13
0.02
0.02
0.25
5.38
203.55

0.256
0.808
0.211
0.126
0.011
0.524
0.206
1.000
0.556
0.426
0.302
0.235
0.037
0.000
0.433
0.719
0.888
0.888
0.618
0.024
0.000

MinF’
MinF’
p
(1,df2)

Table 4.5 Results of the statistical analyses of Looks data for the because-items per segment that started after the onset of the
disambiguating word (Experiment 4). The table gives an overview of F1, F2 and MinF’ analyses (V = Verbbias, N = NP-area, C =
Congruency).
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**, p < .01; *, p < .05; †, p < .1
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0.25
0.71
6.76
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*
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0.62
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0.16
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0.01
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F2
(1,58)
0.00
0.00
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0.00
0.03
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0.03
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0.00
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0.00
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0.00
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0.418
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0.254
0.395
0.000
0.899
0.332
0.440
0.056
0.334
0.034
0.000

SO-items
By Items
MSE
p

*
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†

**

**
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86.70
77.50
86.00
39.20
72.50
84.70
63.00
34.40
73.70
69.20
48.70
72.10
77.80
73.30
49.10
64.90
58.00
84.80
84.90
78.90
88.80

df2
0.18
0.33
3.80
0.01
1.09
0.04
7.67
0.01
0.60
1.18
0.11
0.77
0.39
70.87
0.01
0.61
0.42
1.72
0.43
2.46
296.03

0.672
0.567
0.055
0.921
0.300
0.842
0.007
0.921
0.441
0.281
0.742
0.383
0.534
0.000
0.921
0.438
0.519
0.193
0.514
0.121
0.000

MinF’
MinF’
p
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**
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Table 4.6 Results of the statistical analyses of Looks data for the so- items per segment that started after the onset of the disambiguating
word (Experiment 4). The table gives an overview of F1, F2 and MinF’ analyses (V = Verbbias, N = NP-area, C = Congruency).
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4.3 Discussion
In this Chapter, the time course of the use of implicit causality information and
implicit consequentiality information was investigated in a visual world experiment. Implicit causality information was found to influence sentence processing
before disambiguating information was given, as in Experiment 3. If the main
clause contained an NP1-because verb, participants looked more at the depiction
of the first protagonist than at the depiction of the second protagonist when the
ambiguous pronoun was presented, whereas if the main clause contained an
NP2-because verb, no difference was found at that point. In the NP2-because
condition, the effects of first mention and implicit causality canceled each other
out. In contrast to the early effect of implicit causality, no such early effect of
implicit consequentiality was found in the experiment. Instead, participants
looked more at the depiction of the first protagonist, both for sentences that
contained an NP1-so verb and for sentences that contained an NP2-so verb. This
can be explained by the effect of first mention. Alternatively, there may have
been an effect of implicit consequentiality, but then this effect has been suppressed by the effect of first mention.
Similar to the effect of implicit causality in the segment after disambiguation
in Experiment 3, there was an effect of implicit causality in the disambiguating
segment in Experiment 4: The referent advantage was larger in the congruent
than in the incongruent condition. In the subsequent segment, the referent was
resolved in both the congruent and the incongruent condition. In the implicit
consequentiality condition, on the other hand, there was no such congruency
effect in the segments from the disambiguating word onward. For implicit consequentiality sentences, it was found that participants were faster to look at the
referent of the pronoun if this referent was the protagonist mentioned first than
if this referent was the protagonist mentioned second. The results of the NP2-so
items showed the opposite of a congruency effect: In the NP2-so incongruent
condition, participants looked more at the referent of the pronoun than at the nonreferent in the disambiguating segment, but in the NP2-so congruent condition,
this happened a segment later. The findings regarding implicit causality and
implicit consequentiality are discussed below.
In addition to the findings summarized above, the successful application of
the visual world method was illustrated by the fact that participants looked at the
depiction of the NP2-protagonist at the moment this protagonist was mentioned
in the sentences. A superficial comparison of Looks at the depiction of the NP2protagonist in Experiment 3 and the experiment discussed here indicated that
participants looked more at the depiction of the NP2-protagonist during the NP2
segment in the latter experiment (.40 versus .51). The way in which participants
had to indicate which protagonist was the referent in this experiment might have
played a role in this. In Experiment 3, participants had to say out loud the name
of the animal that was the referent, whereas in the experiment reported here, par99
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ticipants had to point their index finger at the animal that was the referent. The
act of naming does not require interaction with the visual display, whereas the
act of pointing does. The nature of the interaction may have made the position
of the protagonists a more salient feature of the experimental task (Ballard et
al., 1997). Unlike in Experiment 3, participants did not look more at the distractor after it was mentioned than before it was mentioned, but the distractor did
achieve its goal of distracting attention away from a specific protagonist, since
the participants looked equally often at the depictions of the NP1-protagonist
and the NP2-protagonist in the pause segment. If the act of pointing made the
position of the protagonists more salient, the position of the distractor may have
become less salient, explaining the reduced number of looks at the distractor.
The early effect of implicit causality replicated the finding in support of the
focusing hypothesis discussed in Chapter 3. As explained in the introduction
to this Chapter, the integration hypothesis does not predict an effect of implicit
bias before disambiguating information is given, whereas the focusing hypothesis does. However, the results for implicit consequentiality sentences did not
provide evidence in support of the focusing hypothesis. In these sentences, the
focus seemed to have been influenced more by first mention than by the implicit
consequentiality bias. This is evidenced by the fact that participants looked more
at the depiction of the NP1-protagonist than at the depiction of the NP2-protagonist immediately after the first clause and up to and including the disambiguating
word.
Why was there an early effect of implicit causality, but not of implicit consequentiality in the present experiment? First, the implicit causality sentences
contained the connective because and the implicit consequentiality sentences
contained the connective so. These same connectives were used to determine the
implicit biases in Chapter 2. The results from the studies in Chapter 2 showed
that the connective because is a strong cue for an upcoming cause, as over 95%
of the completions contained a cause for the interpersonal event expressed in
the main clause, whereas the connective so is a less strong cue for an upcoming
consequence, as about 75% of the completions contained a consequence of the
interpersonal event expressed in the main clause.
Second, there might be an asymmetry in the processing of causal and consequential sentences as suggested by the explanation assumption in one direction
and by the iconicity assumption in the other direction. In line with the explanation
assumption, participants might more readily look for possible causes of the interpersonal events described by the verbs in the main clauses than for consequences
of these interpersonal events. A study that seems to support the idea that implicit
causality information is more readily available than implicit consequentiality
information is Majid and Sanford (2007). They studied whether people preferably produce causes, consequences, or other types of completions for minimal
fragments containing interpersonal verbs, such as “John bored Mary.” In offline
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sentence completion experiments, they found that participants spontaneously
produced cause completions for these minimal fragments. The attribution of
cause in these completions corresponded with the implicit causality bias established for the verbs in prior studies (Rudolph & Fösterling, 1997). However,
interpretation of Majid and Sanford’s results is complicated by the fact that they
sampled the verbs in their materials randomly from the implicit causality literature. As exemplified by the experiments reported in Chapter 2, implicit causality
biases are not necessarily accompanied by implicit consequentiality biases.
Therefore, there is a possibility that they used verbs that are associated with an
implicit causality bias but not with an implicit consequentiality bias.
Although the results from the present experiment are in line with the explanation assumption, this does not mean that this is a general cognitive strategy.
The present findings only demonstrate that information about causes is more
readily available than information about consequences in the context of implicit
causality sentences with because and implicit consequentiality sentences with
so. Whether it is more likely for causes rather than consequences to be retrieved
to explain events in the discourse will also depend on the constraints imposed by
the discourse context (Noordman & De Blijzer, 2000; Noordman & Vonk, 1998).
A part of the constraints of the discourse context are the properties of words in
the discourse, such as the connectives because and so.
As mentioned above, a congruency effect of implicit causality was found
in Experiment 4. This effect manifested itself differently in Experiment 3. In
Experiment 3, it was found that participants started looking at the referent
in a later segment in the incongruent than in the congruent condition. In the
present experiment, the effect of congruency manifested itself in a larger referent
advantage for the congruent condition than for the incongruent condition at the
disambiguating word (see the interaction between Verbbias and NP-area in Table
4.5). In Experiment 3, a difference in referent advantage was almost significant
at the segment following the disambiguating word. The stronger the influence
of the implicit causality bias, the more difficult it will be to resolve the referent
of the ambiguous pronoun in incongruent sentences and the more pronounced
the congruency effect will be. In Experiment 3, the referent of the ambiguous
pronoun was not resolved until the segment after the sentence in the NP2-bias
incongruent condition, whereas, in the present experiment, the referent of the
pronoun was always resolved before the segment after the sentence. Apparently,
the implicit causality congruency effect is more pronounced in Experiment 3
than in the present experiment.
The fact that the congruency effect showed up differently in the present
experiment may be explained by differences between the experiments. First, the
present experiment included implicit causality as well as implicit consequentiality sentences, whereas Experiment 3 only included implicit causality sentences.
Consequently, in the present experiment, the disambiguating clause expressed the
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cause of the interpersonal event in the main clause in half of the sentences and the
consequence in the other half. Therefore, participants might have devoted more
attention to the explicit information in the second clause and less to the implicit
bias, thus reducing the congruency effect. Second, the experimental sentences
in the present experiment did not contain a neutral clause between the main and
disambiguating clause, whereas the experimental sentences in Experiment 3 did.
As explained in Chapter 1 (see Section 1.6.1), the congruency effect has been
found to be larger if there is a neutral clause between the main and disambiguating clause than if the main clause is immediately followed by the disambiguating
clause (Vonk, 1985). So the absence of the neutral clause may have led to a less
pronounced congruency effect.
In Experiment 3, the congruency effect was more pronounced for NP2because verbs than for NP1-because verbs, whereas in the present experiment
the congruency effect was more pronounced for NP1-because verbs than for
NP2-because verbs. Again, this may be explained by differences between the
experiments. First, the results of the present experiment might have been influenced by the fact that participants initially resolved the ambiguous pronoun to
the NP1-protagonist for the majority of sentences in the experiment (for NP1because, NP1-so, NP2-so sentences). This might have boosted the effect of first
mention, making it harder to resolve NP1-because incongruent items to the
second protagonist. Second, the present experiment did not contain a neutral
clause, and, therefore, the NP1 referent advantage, which was boosted by the
effect of first mention, may have carried over directly to the disambiguating
clause. The asymmetry in findings between NP1-because and NP2-because
verbs is discussed in Chapter 5.
For implicit consequentiality sentences, no congruency effect was found.
In fact, for NP2-so verbs, participants looked more at the referent than at the
non-referent in an earlier segment for incongruent sentences than for congruent
sentences. The results showed that there was a strong preference for looking at
the first-mentioned, subject protagonist in implicit consequentiality sentences
regardless of the implicit consequentiality bias. Apparently, it was easier to
resolve the ambiguous pronoun to the protagonist that was in focus at the pronoun
(the NP1-protagonist), even if it was not the protagonist favored by the implicit
consequentiality bias, than to the protagonist that was not in focus at the pronoun
(the NP2-protagonist). This contradicts results from Stewart and colleagues
(Stewart, Pickering, & Sanford, 1998), who did find an effect of implicit consequentiality in the reading times of the disambiguating clause in their ambiguous
pronoun condition, although this implicit consequentiality congruency effect
was marginally significant by items. The use of the connective so may help to
explain why no implicit consequentiality congruency effect was found in the
present experiment. Stewart et al. used the connective because in sentence-initial
position for implicit consequentiality sentences, for example, “Because John
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annoyed Bill, he complained to the art teacher.” The sentence-initial because
immediately provides a strong cue about the causal relation between the clauses,
which may have boosted the effect of implicit consequentiality. In the present
experiment, the connective so was not encountered until halfway the sentence;
furthermore, the connective so is a less strong cue than the connective because
with regard to the causal relation it indicates (see Chapter 2).
In conclusion, the present Chapter showed that not only the implicit bias but
also first-mention influence focus. In the case of implicit causality, the implicit
bias is used to highlight a protagonist as the referent for an ambiguous pronoun.
In the case of implicit consequentiality, first mention keeps a protagonist highlighted as the referent for an ambiguous pronoun. The fact that implicit causality
was found to influence discourse processing in this experiment, whereas no
influence of implicit consequentiality was detected, may be taken as support for
the explanation assumption of cognitive processing. However, it is possible that
the connective so contributed to the fact that no effect of implicit consequentiality was found. Finally, the results of the present experiment attest to sentence
processing being highly incremental and immediate. Participants immediately
focus on a specific protagonist, and clause integration starts as soon as disambiguating information is received.
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Summary and Discussion

5.1 Summary
This thesis focuses on the influence of two sources of information on the processing of ambiguous pronouns: implicit causality information and implicit consequentiality information. Implicit causality and implicit consequentiality are
biases in understanding interpersonal events expressed by certain interpersonal
verbs, such as “to bore.” In the case of implicit causality, a specific protagonist is
taken to be the causer of the event, and, in the case of implicit consequentiality,
a specific protagonist is taken to be primarily affected by the consequence of the
event. The verb “to bore” is associated with an implicit causality bias to the firstmentioned protagonist (the NP1), and an implicit consequentiality bias to the
second-mentioned protagonist (the NP2). Sentences (1) and (2) are examples of
implicit causality sentences, and sentences (3) and (4) are examples of implicit
consequentiality sentences.
(1) The dog bored the ape in the car, because he had already told the story a
dozen times.
(2) The dog bored the ape in the car, because he had already heard the story a
dozen times.
(3) The dog bored the ape in the car, so he eventually stopped listening to the
story.
(4) The dog bored the ape in the car, so he eventually stopped telling the story.
According to the implicit causality bias associated with the verb “to bore,” the
NP1 “The dog” is the preferred referent of the pronoun “he” in sentences (1) and
(2). Sentence (1) is congruent with this implicit causality bias, as the pronoun is
resolved to “The dog” on the basis of “told the story a dozen times.” Sentence (2)
is incongruent with the bias, as the pronoun is resolved to “the ape” on the basis
of “heard the story a dozen times.” According to the implicit consequentiality
bias associated with the verb, the preferred referent in sentences (3) and (4) is
the NP2 “the ape.” Sentence (3) is congruent with this bias, as the pronoun is
resolved to “the ape” on the basis of “stopped listening to the story,” whereas
sentence (4) is incongruent with the bias, since the pronoun is resolved to “The
dog” on the basis of “stopped telling the story.” Some interpersonal verbs have
only an implicit causality bias and some only an implicit consequentiality bias;
some have both (like “to bore”), and others have neither.
In addition to the source of information involving implicit causality and
implicit consequentiality, Chapter 1 presented various structure-related sources
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of information that may affect the process of pronoun resolution. Three of these
sources of information are the subject preference, the first-mention preference,
and the parallelism preference. According to the subject preference, the subject
of a sentence is the preferred referent of a subsequent pronoun. According to
the first-mention preference, the first-mentioned protagonist of a sentence is
the preferred referent of a subsequent pronoun. According to the parallelism
preference, pronouns are preferably interpreted as coreferent with antecedents
that have the same grammatical role. In the experiments in this thesis, these
structure-related sources of information were not varied, and the preferred
referent, according to these sources of information, always coincided with the
first-mentioned protagonist. With a view to this fact, effects of one or more
structure-related factors were referred to as effects of first mention in this thesis
for reasons of brevity.
In order to perform research on implicit causality and implicit consequentiality that allowed comparing the influence of these sources of information on
online language processing, verbs were obtained exhibiting both an implicit
causality bias and an implicit consequentiality bias. These verbs were obtained
by means of two sentence completion experiments (Experiment 1, consisting of
Experiments 1a and 1b, and Experiment 2), which were presented in Chapter 2.
In the completion experiments, participants were asked to provide completions
for sentence fragments consisting of a main clause that expressed an interpersonal event involving two protagonists, followed by a causal connective and a
third person subject pronoun. An example of such a sentence fragment is “John
bored Pete, because he.” The protagonists in these sentence fragments were
always of the same gender, so the pronoun was ambiguous. Cause completions
to sentence fragments expressing interpersonal events were elicited with the
Dutch connective omdat, which was translated into English as because in this
thesis, and consequence completions were elicited with the Dutch connective
dus, which was translated into English as so in this thesis. In these completion
experiments, the connective because almost exclusively elicited cause completions, and the connective so elicited result completions in more than two-thirds
of all cases. These data showed that the connective so was suitable for studying
the use of implicit consequentiality information in online language processing.
However, they also showed that so did not produce as many result completions
as because produced cause completions, suggesting that because is a stronger
cue for evoking online effects of implicit causality than so for evoking online
effects of implicit consequentiality.
Verbs with an NP1 implicit causality bias were referred to as NP1-because
verbs and verbs with an NP2 implicit causality bias as NP2-because verbs. Verbs
with an NP1 implicit consequentiality bias were referred to as NP1-so verbs and
verbs with an NP2 implicit consequentiality bias as NP2-so verbs. All possible
combinations of implicit causality and implicit consequentiality appeared in the
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sentence completion results: There were NP1-because/NP1-so, NP1-because/
NP2-so, NP2-because/NP2-so, and NP2-because/NP1-so interpersonal verbs, as
well as verbs showing only one type of implicit bias or no implicit bias at all.
Apart from yielding a set of interpersonal verbs associated with both an implicit
causality bias and an implicit consequentiality bias, the results from Chapter 2
disproved Crinean and Garnham’s (2006) prediction that Agent-Patient verbs
with an NP1-because/NP1-so bias do not exist.
The use of implicit causality information during online language processing has been studied extensively, whereas implicit consequentiality has received
little attention (for an overview, see Garnham, 2001). Broadly speaking, there
are two different hypotheses about the time course of the use of implicit causality
information: the focusing hypothesis and the integration hypothesis. According
to the focusing hypothesis, implicit causality information is used immediately,
that is, before disambiguating information is available, whereas the integration
hypothesis states that implicit causality information is not used until disambiguating information is available. In the case of implicit causality sentences with
unambiguous pronouns, both hypotheses predict an effect of implicit causality at
the pronoun, because the causer can then be established from information in the
pronoun. The focusing and integration hypotheses were generalized to the time
course of the use of implicit consequentiality information.
Previous studies have not been able to decide between these two hypotheses, partly due to the methods and partly due to the materials they used. These
studies either used the self-paced reading method, which is not appropriate for
investigating ambiguous pronoun resolution, or the probe word method, which
produced conflicting results, disrupts sentence processing, and has been shown
by Gordon, Hendrick and Foster (2000) to evoke a response strategy. Various
studies used materials that contained unambiguous pronouns, so they could not
differentiate between the focusing and the integration hypothesis.
To study the early effect of the implicit bias (implicit causality and implicit
consequentiality) on pronoun resolution, materials containing ambiguous
pronouns were used. The focusing hypothesis predicts that the implicit bias brings
a protagonist into focus, which will be the preferred referent of the ambiguous
pronoun when it is encountered, whereas the integration hypothesis predicts no
effect of implicit bias at that point. To be able to shed light on the focusing versus
integration issue, the visual world method was used in two online experiments,
described in Chapters 3 and 4. Visual word studies have shown that the eye
movements of participants are closely time-locked to spoken language processing. The visual world method utilizes the fact that participants spontaneously
direct their eyes to entities in their visual field that are related to spoken language
that is presented together with these entities. The visual world method has high
temporal resolution, is sensitive to semantic language processing, is unobtrusive, and allows for the study of ambiguous pronoun processing (Henderson &
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Ferreira, 2004).
Experiment 3 used the visual world method to investigate the time course of
the use of implicit causality information in language comprehension; Experiment
4 used the same method to investigate the time course of the use of both implicit
causality information and implicit consequentiality information. To study the
influence of the implicit bias early in the sentence, the sentence materials in these
studies contained an ambiguous pronoun that remained ambiguous for at least
several words, until information was presented later in the sentence that could
be used to disambiguate the pronoun. To study the influence of the implicit bias
during the final disambiguation of the ambiguous pronoun, the disambiguating
information in the sentences was congruent with the bias in half of the sentences
and incongruent with the bias in the other half of the sentences presented to
participants.
In the visual world experiments, participants were presented with implicit
causality sentences or implicit consequentiality sentences over a headphone,
while viewing a visual stimulus depicting the protagonists at the bottom left
and bottom right corners and a distractor object at the top center. The depictions
were black and white line drawings of these entities. The distractor object was
mentioned in a distractor phrase at the end of the main clause and served to
distract attention away from the protagonists before the auditory presentation
of the ambiguous pronoun. For example, in sentences (1) to (4), the distractor
phrase was “in the car,” and the distractor object was a semi-realistic depiction of
a car. For analysis purposes, the sentences were divided into auditory segments
that corresponded to consecutive segments in the linguistic input.
Early effects (before disambiguation). During auditory presentation of the
NP2, it was found that participants looked more at the area where the NP2 was
depicted (the NP2-area) than at the area where the NP1 was depicted (the NP1area). This effect occurred in Experiment 3 and in Experiment 4 and demonstrated
the successful application of the visual world method. In Experiment 3, an effect
of first mention was found during the pause between the auditory presentation of
the first and the second clause: There were more looks at the NP1-area than at
the NP2-area during this segment. Experiment 3 showed that implicit causality
influenced language processing early in the sentence, before any disambiguating information was available. During the auditory presentation of the first
connective and pronoun in NP1-because sentences, participants looked more at
the NP1-area than at the NP2-area, in line with the implicit causality bias and
first mention. During the same segment in NP2-because sentences, participants
looked equally much at the NP1-area and NP2-area, suggesting that the implicit
causality bias and first mention cancelled each other out. In Experiment 4, a
similar pattern was observed in the segment before disambiguation. This experiment also investigated implicit consequentiality, but no evidence was found for
an early effect of that source of information. Instead, in both the NP1-so and
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NP2-so condition, participants looked more at the depiction of the NP1-protagonist than at the depiction of the NP2-protagonist in the connective and pronoun
segment and in the segment before disambiguation.
Late effects (at and after disambiguation). Towards the end of the sentence,
when information was provided that disambiguated the pronoun, the implicit
causality bias again played a role. The results of Experiments 3 and 4 showed
that participants looked more at the referent than at the nonreferent before the
end of the sentence. This referent advantage showed that participants resolved
the pronoun using world knowledge. The referent advantage occurred in an
earlier segment in the congruent than in the incongruent implicit causality
condition (Experiment 3) or was larger in the congruent than in the incongruent
implicit causality condition (Experiment 4). No such evidence for a congruency
effect was found in the implicit consequentiality condition in Experiment 4. In
that condition, the ambiguous pronoun was resolved faster if the referent was
the first-mentioned protagonist than if the referent was the second-mentioned
protagonist. Congruency also affected the error rates for the online pronoun
resolution task. In Experiment 3, participants made more errors for incongruent sentences than for congruent sentences (29% versus 19%). In Experiment 4,
participants made more errors for incongruent than congruent sentences in the
NP2-because condition (7.6% versus 1.7% for all experimental sentences) and
the NP1-so condition (15.6% versus 8.3% for all experimental sentences).
In summary, the results of the visual world experiments supported the
focusing hypothesis with respect to implicit causality but not with respect to
implicit consequentiality. The findings about the focusing versus integration
issue are discussed further in the final Section of the discussion.

5.2 Discussion
5.2.1 Discrepancy Between Online and Offline Task
Although participants were perfectly able to resolve the pronoun in the experimental sentences in offline sentence judgment pretests, the online task in
Experiments 3 and 4 resulted in high error rates. This discrepancy between the
online and offline task deserves further attention as it raises the question whether
these error rates are exceptional. The online task was to resolve the pronoun in
each experimental sentence, either by naming the referent out loud (Experiment
3) or by pointing at the referent (Experiment 4). The average error percentage in
the online task was 24% in Experiment 3, and 10%, including all experimental
items, in Experiment 4. Error rates for incongruent sentences were higher than
for congruent sentences, suggesting that the task was sensitive to the difficulty
of resolving the pronoun. Judging from the overall average error rates, the online
task of resolving the pronoun proved to be difficult.
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The idea that the task was difficult is further supported by error rates in
previous implicit causality research with an online task requiring pronoun
resolution. McDonald and MacWhinney (1995) explicitly observed that error
rates to comprehension questions were rather high in all three experiments they
performed, on average above 15% in their experiments. The error rates were
high, even though they only presented congruent sentences to participants.
Experiments that present both congruent and incongruent sentences, such as the
experiments in this thesis, may lead to higher error rates than experiments that
only present congruent items. A previous study that presented both congruent
and incongruent items and that used an online task requiring pronoun resolution
was performed by Stewart and colleagues (Stewart, Pickering, & Sanford, 2000).
They report error rates as high as 49% in the NP1-bias incongruent condition of
their Experiment 2. In several studies investigating implicit causality, the error
rates were low (Garnham, Traxler, Oakhill, & Gernsbacher, 1996; Greene &
McKoon, 1995; Long & De Ley, 2000; Koornneef & Van Berkum, 2006), but
the online task in these studies did not query pronoun resolution, or the studies
provided error rates averaged over questions of which only a minority queried
pronoun resolution. It may be concluded that the error rates in the experiments
presented in this thesis do not deviate from those in similar studies.
One factor that may complicate the comprehension of implicit causality and
implicit consequentiality sentences in the experiments presented in this thesis,
but also in other implicit causality studies, is that the sentences were presented
without any context. Context information may make the information expressed
in the clauses of the implicit causality sentences easier to understand, and might
make it easier to integrate the information in the clauses. Presenting context
may also engage participants more in sentence processing than if they continually have to switch between different unrelated sentences. Context information
might, therefore, reduce the number of errors participants make. Some studies
have presented implicit causality sentences embedded in small texts of two or
three sentences (Koornneef et al., 2006; McKoon, Greene, & Ratcliff, 1993;
Pyykkönen & Järvikivi, 2010), but the online tasks in these studies did not require
pronoun resolution. Hence, it is not possible to determine whether providing
context information actually reduced error rates for the task of resolving the
pronoun.
In conclusion, the high error rates for the online task in Experiments 3 and
4 do not seem to be exceptional, as other experiments about the time course of
the use of implicit causality with a similar online task have reported error rates
that were comparable or even higher. Apparently, the online task of resolving
the pronoun in the implicit causality and implicit consequentiality sentences is
a difficult task. The question whether context information will reduce the error
rates of the online task of resolving the referent remains to be answered.
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5.2.2 Disambiguation and the Congruency Effect
Two observations from Experiments 3 and 4 about the disambiguation process
and the congruency effect will be discussed in this Section. First, it was found
that participants immediately used the disambiguation information in the disambiguating clause. They generally resolved the pronoun before the end of the
sentence in both the congruent and the incongruent conditions. Second, the size
of the observed congruency effect was different for NP1-because verbs and NP2because verbs. In Experiment 3, the size of the congruency effect was larger for
NP2-because verbs than for NP1-because verbs, and in Experiment 4 it was
larger for NP1-because verbs than for NP2-because verbs.
Immediate use of disambiguating information. The results showed that participants immediately used the disambiguating information to establish the causal
relation, because they generally looked more at the referent than at the nonreferent before the end of the sentence. Consider the sentence “John bored Pete in the
car, because he had already told the story a dozen times during the trip.” To be
able to look at the referent of the pronoun before the end of that sentence, participants must have used causal knowledge from their long-term memory to resolve
the pronoun to “John.” This causal knowledge may be loosely formulated as “if
person A tells a story to person B over and over again, then person A will bore
person B.” This causal information was generally put to use before the end of
the sentence, shortly after encountering the word “told,” which is critical for
disambiguating the pronoun. This is in line with other evidence that interclausal
relations are established incrementally (St.George, Mannes, & Hoffman, 1997;
Traxler, Bybee, & Pickering, 1997), and it contradicts the idea that establishing
interclausal relations is delayed until the clauses that need to be integrated have
both been fully processed (Millis & Just, 1994).
The implicit causality congruency effect. Some models of ambiguous pronoun
resolution (Frank, Koppen, Noordman, & Vonk, 2007; Stewart & Gosselin,
2000) predict that the congruency effect should be larger for NP1-because verbs
than for NP2-because verbs. The rationale for this prediction involves the firstmention effect. In the NP1-because condition, the NP1-bias and the first-mention
effect should reinforce each other, creating a strong preference for resolving the
pronoun to the NP1, and this may strengthen the congruency effect for NP1because verbs. In the NP2-because condition, on the other hand, the NP2-bias
has to compete with the first-mention effect, so there will not be a strong preference for a particular protagonist, and this will weaken the congruency effect in
the NP2-because condition. The net result will be a larger congruency effect in
the NP1-because than in the NP2-because condition.
However, in Experiments 3 and 4, the findings were mixed. The results of
Experiment 4 are in line with the prediction that the congruency effect is larger
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in the NP1-because condition than in the NP2-because condition. In this experiment, it was found that the referent advantage was larger in the congruent than in
the incongruent condition in the disambiguating segment and that this was more
so in the NP1-because condition than in the NP2-because condition. The results
of the Experiment 3 were not in line with the prediction that the congruency effect
is larger for NP1-because verbs than for NP2-because verbs. In this experiment,
the congruency effect was only present in the NP2-because condition. In the
NP1-because congruent and NP1-because incongruent conditions, participants
resolved the referent in the segment after disambiguation. In the NP2-because
congruent condition, participants looked at the referent in the segment after disambiguation, and in the NP2-because incongruent condition participants looked
at the referent a segment later, in the segment after the sentence. The differences
in the direction in which the size of the congruency effect was strongest occurred
despite the facts that both NP1-because and NP2-because verbs had a strong
implicit causality bias and that the disambiguating clauses had comparable disambiguation strengths, as measured by sentence judgment pretests.
Stewart, Pickering, and Sanford (2000; Experiments 3 and 4) found a stronger
congruency effect for NP1-biasing than for NP2-biasing verbs, consistent with
the results of Experiment 4 and the prediction above. In line with Experiment
3, Long and de Ley (2000; Experiment 3) found a stronger congruency effect
for NP2-biasing than for NP1-biasing verbs. Yet other experiments found no
apparent difference between the NP1- and NP2-biasing verbs (Garnham et al.,
1996; Experiment 1 to 3).
What may explain the different results of Experiments 3 and 4 in this thesis
and of the experiments in the literature? It should be noticed that the different
results cannot be satisfactorily explained by the use of different methods. Firstly,
Long and de Ley and Garnham et al. both used the probe word method, but they
found different results. Secondly, Experiments 3 and 4 in this thesis both used
the visual world method, and they both used a task that required participants to
solve the referent of the ambiguous pronoun, but they found opposite results
with regard to the condition in which the congruency effect was strongest (NP1because versus NP2-because condition).
Long and de Ley (2000) proposed that the set of verbs they used may
explain why they found a larger congruency effect with NP2-biasing than with
NP1-biasing implicit causality verbs. They hypothesized that the NP2-biasing
verbs in their experiments might be better predictors of a pronoun’s subsequent
referent than the NP1-biasing verbs in their experiments. In a newspaper corpus
analyzed by Long and de Ley, they found that: the NP2-biasing verb sentences
were more likely to appear in the active voice (the grammatical form used in
the experiments) than the NP1-biasing verb sentences (87.6% versus 65.1%);
NP2-biasing verbs were more likely to be followed by causes than NP1-biasing
verbs (41.3% versus 26.8%); and, in sentences with because, they were more
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likely to be followed by a referring expression in subject position whose referent
was congruent with the bias than a referring expression in subject position whose
referent was incongruent with the bias (96.2% versus 74.2%). Long and de Ley
took these results to suggest that the NP2-biasing verbs in their experiments
were better predictors of the implied cause of interpersonal events than the NP1biasing verbs in their experiments.
However, this is not supported by the sentence completion task and the
pronoun-identification task performed by Long and de Ley. In the sentence
completion task, participants completed fragments such as “Ann annoyed Pam
because,” and in the pronoun-identification task, participants had to identify the
referent of the pronoun in fragments such as “Ann annoyed Pam because she.” The
NP1-biasing and NP2-biasing verbs that were used in the online experiments had
an equally strong bias in the sentence completion task (average NP1-bias: 84%;
average NP2-bias: 81%) and in the pronoun-identification task (average NP1bias: 73%; average NP2-bias: 71%). Furthermore, NP2-biasing verbs occurring
with the connective because in the corpus (4.0% of the NP2-biasing verbs) and
NP1-biasing verbs occurring with the connective because in the corpus (2.1% of
the NP1-biasing verbs) were followed by causes equally often in the completion
study (97.4% versus 96.8%). It is unclear how the verb usage patterns observed
in the corpus analysis relate to the observed use of implicit causality information
in Long and de Ley’s online experiments. It would seem troublesome to argue
that the corpus analysis results showed that the set of verbs used underlies the
finding of a stronger congruency effect for NP2-biasing than for NP1-biasing
verbs, because the corpus analysis results conflicted with the completion study
and the pronoun-identification study results. Differences in the set of verbs used,
like differences in the method used, therefore, cannot explain the different results
outlined above in a satisfactory way.
A final factor that may explain the differences in the congruency effect, at
least between Experiment 3 and Experiment 4, is the format of the sentences.
In Experiment 3, a neutral clause, which was absent from Experiment 4, was
presented between the biasing and the disambiguating clause. This may help to
explain why the congruency effect was stronger in the NP2-because condition
than in the NP1-because condition in Experiment 3. The neutral clause prevented
the first-mention effect from “spilling over” into the disambiguating segment. At
the end of the neutral clause, participants looked equally often at both protagonists. Vonk (1985) is the only other study with sentences containing a neutral
clause, but the data presented there do not allow a distinction to be made between
the contribution of NP1-biasing verbs and NP2-biasing verbs to the congruency
effect.
5.2.3 Iconicity Versus Explanation
The first Chapter discussed the iconicity and the explanation assumptions, which
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make opposite predictions about the way in which people process causal relations
in discourse. According to the iconicity assumption, people expect events in texts
to follow the same order as events in the world. It follows from this assumption that sentences in cause-consequence order, such as implicit consequentiality sentences, are easier to process than sentences in consequence-cause order,
such as implicit causality sentences. The explanation assumption, on the other
hand, claims that people attempt to explain why actions, events, and states are
mentioned in texts and, therefore, that they infer causes. It follows from this
assumption that it is easier to process sentences in consequence-cause order. The
results of Experiment 4 may be viewed in the perspective of these assumptions.
There was evidence that participants used implicit causality information during
sentence processing, but there was no evidence that participants used implicit
consequentiality information. This evidence is consistent with the explanation
assumption.
However, the implicit causality sentences and the implicit consequentiality sentences differed in the connective used, and this might be relevant to the
findings of Experiment 4. The sentence completion experiments in Chapter 2
showed that so mainly evokes result completions to clauses expressing interpersonal events, but they also showed that the connective so elicited fewer result
completions than because elicited cause completions. Therefore, the connective
so is a less constraining than because. The strength of the cue to the relation
between the conjoined clauses may affect how readily the implicit bias is used
during language processing. Stewart et al. (1998) constructed implicit consequentiality sentences with sentence-initial because, and they did find a congruency
effect between congruent and incongruent implicit consequentiality sentences in
the ambiguous pronoun condition. In the case of sentence-initial because, participants had a stronger cue to the causal relation than with so, and they also had
more time to process the cue that the second clause would provide a result of the
event expressed in the first clause.
Nevertheless, in the experiment in Chapter 4, so was chosen over sentenceinitial because for two reasons. First, the connective so allows the structure of
implicit causality and implicit consequentiality sentences to be more similar than
sentence-initial because. Second, sentence-initial because is infrequent in Dutch
(Renkema, 2000). It should be mentioned that Stewart et al. (1998) only selected
verbs on the basis of a strong implicit consequentiality bias, whereas the verbs
used in Experiment 4 had both a strong implicit causality and a strong implicit
consequentiality bias. The implicit causality bias and the implicit consequentiality bias are often in opposite directions, and the implicit causality bias may
counteract the implicit consequentiality bias if they are both strong. In that case,
implicit causality seems to overrule implicit consequentiality.
In this thesis, the role of the connective is confounded with the explanation
versus iconicity issue. The results of Experiment 4 can be explained with the
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explanation assumption, but more research is required to determine the influence
of the connective.
5.2.4 Focusing Versus Integration
As mentioned above and as explained in Chapter 1, there are roughly two alternative hypotheses that have been formulated with regard to the time course of the
use implicit causality: the focusing hypothesis and the integration hypothesis.
The visual world experiments in Chapters 3 and 4 showed that implicit causality
information is used before disambiguating information is available. This early
use of implicit causality information is evidence for the focusing hypothesis.
Recent evidence by Pyykkönen and Järvikivi (2010) shows that implicit
causality information may influence language processing even before the connective and pronoun are encountered. Pyykkönen and Järvikivi performed a visual
world experiment using auditory items consisting of two sentences, for example:
“The guitarist was preparing for the night’s performance. The butler fearedNP2the guitarist in the dining room, because for the whole day he curiously
biasing
enough had seemed extremely unhappy despite the upcoming popular night.”
The protagonist introduced in the first sentence appeared as the object (NP2) of
the interpersonal verb in the first clause of the second sentence. Pyykkönen and
Järvikivi found an effect of implicit causality shortly after participants encountered the interpersonal verb in the first clause of the second sentence, in this
example, “feared.”
An issue with the experiment by Pyykkönen and Järvikivi is that the second
clause did not contain explicit disambiguating information, so there were no
incongruent items. The absence of explicit disambiguating information may have
prompted participants to use implicit causality bias information to resolve the
pronoun. In Experiments 3 and 4 the experimental sentences were always disambiguated explicitly. Furthermore, there were as many congruent as incongruent
items, so the implicit bias information did not always coincide with the explicit
disambiguating information and, therefore, could not serve as a reliable cue to
resolve the pronoun. In conclusion, the visual world experiments in Chapters
3 and 4 show that implicit causality information is used at least as soon as an
ambiguous pronoun is encountered.
Experiment 4 investigated implicit consequentiality in addition to implicit
causality, and the same results were expected for implicit consequentiality as
for implicit causality. However, the results of Experiment 4 did not show any
evidence for the use of implicit consequentiality information, neither early nor
late. The only other online study investigating implicit consequentiality, to our
knowledge, is the self-paced reading study reported by Stewart, Pickering and
Sanford (1998). This study yielded unclear results. Their materials consisted
of sentences such as “Because Harold dreaded Justin, he steadfastly refused
to go back to school,” which were presented in two fragments. The second
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fragment started immediately after the ambiguous pronoun. For sentences with
an ambiguous pronoun, the second fragment was read faster in the congruent
than in the incongruent condition. However, no such congruency effect occurred
for sentences with a non-ambiguous pronoun. The study by Stewart et al. (1998)
was inconclusive with respect to the focusing versus integration issue. Due to the
nature of the self-paced reading task, it is impossible to find an effect of congruency in the reading times for sentences with ambiguous pronouns before explicit
disambiguating information is presented. The first fragment was identical in
the congruent and incongruent ambiguous pronoun conditions, so it was to be
expected that the reading times for this fragment did not differ between these
two conditions.
The visual world experiment in Chapter 4 showed that the preferred referent
in the NP1-so and NP2-so conditions was the first-mentioned protagonist rather
than the protagonist at which the implicit consequentiality bias was directed. In
contrast, for implicit causality, an effect of focusing was found in Experiments
3 and 4.
The main finding of this thesis is that implicit causality information as well
as explicit disambiguating information are used immediately. Participants immediately focus on a specific protagonist, and clause integration starts as soon as
disambiguating information is received.
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A. Appendix to Chapter 2
Appendix A presents the strengths of the implicit causality bias and the implicit
consequentiality bias for each verb that was tested in the sentence completion
experiments in Chapter 2 (Experiments 1a and 1b, and Experiment 2). For each
verb, the strength of the implicit causality bias to a protagonist (NP1 or NP2)
was calculated as the number of times the protagonist was the referent in cause
completions of because fragments with the verb, divided by all cause completions of because fragments with the verb. Similarly, for a verb, the strength of
the implicit consequentiality bias to a protagonist (NP1 or NP2) was defined as
the number of times the protagonist was the referent in result completions of so
fragments with the verb, divided by all result completions of so fragments with
the verb. In Tables A-1, A-2, and A-3, the strengths of the implicit causality biases
and the implicit consequentiality biases are presented as percentages rounded to
the nearest integer. The strengths in percentages to the NP1 (%NP1) and the
strengths in percentages to the NP2 (%NP2) may not add up to one hundred
percent, because the referent could also be ambiguous or plural
Table A-1 The strengths of the implicit causality bias and the implicit consequentiality bias to the NP1 and NP2 in percentages (%NP1 and %NP2), the number of cause
completions (Ncause), and the number of result completions (Nresult) for the 96 verbs tested
in Experiment 1a (N=25).Verbs in bold were tested further in Experiment 2.
Implicit causality
(fragments with because)
%NP1 %NP2
Ncause
aanbevelen
aanbidden
aanklagen
aardig vinden
achtervolgen
afschrikken
amuseren
antwoorden
assisteren
beangstigen
bedanken
bedriegen
behagen
bekritiseren
bellen
belonen
benaderen
benijden
berispen
beschuldigen
bewonderen
boos maken

18
4
4
0
48
92
87
16
16
96
5
47
62
4
77
0
48
0
16
40
0
100

77
96
96
85
52
8
9
80
80
4
95
37
14
96
5
88
48
100
84
60
100
0

22
25
25
20
23
25
23
25
25
24
22
19
21
25
22
25
25
24
25
25
25
22

Implicit consequentiality
(fragments with so)
%NP1 %NP2
Nresult
9
42
0
96
17
9
12
14
44
5
0
0
8
5
0
31
0
88
0
0
89
29

91
58
90
4
58
91
88
71
44
95
91
100
85
90
93
69
90
12
92
100
11
71

11
19
21
23
24
22
17
14
9
19
11
18
13
20
14
13
10
17
13
17
19
24
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Table A-1 continued
Implicit causality
(fragments with because)
%NP1 %NP2
Ncause
charmeren
corrigeren
doden
domineren
ergeren
fascineren
feliciteren
geloven in
gerust stellen
groeten
haten
helpen
imponeren
inhuren
inspireren
intimideren
irriteren
jaloers zijn op
kalmeren
kwetsen
liegen tegen
manipuleren
medelijden hebben met
minachten
misleiden
mopperen op
omkopen
ondervragen
ontmoedigen
ontzien
oplichten
opmerken
opnemen voor
overtuigen
prijzen
provoceren
raken
respecteren
schamen voor
schreeuwen tegen
slaan
straffen
strijden met
teleurstellen
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81
16
18
52
100
100
0
4
8
67
0
40
96
32
96
86
96
0
8
39
77
71
0
13
77
8
52
44
70
32
54
0
36
80
12
89
54
4
0
54
27
0
68
96

0
84
77
40
0
0
100
92
79
29
100
56
4
64
4
14
4
100
88
43
18
21
100
67
23
88
48
56
9
64
38
100
44
20
88
5
21
96
100
46
73
92
24
4

21
25
22
25
24
24
24
24
24
24
25
25
24
25
24
21
25
24
25
23
22
24
25
24
22
25
23
25
23
25
24
25
25
25
25
19
24
24
24
24
22
25
25
25

Implicit consequentiality
(fragments with so)
%NP1 %NP2
Nresult
5
14
50
78
4
6
24
81
0
0
96
19
16
29
6
28
5
95
0
4
14
30
100
48
15
0
47
14
9
11
38
86
7
33
0
14
21
82
100
7
4
8
95
41

95
86
50
22
96
94
76
13
100
100
4
75
84
71
94
72
95
5
100
91
81
70
0
30
77
100
53
86
91
67
62
14
86
57
94
86
79
18
0
93
96
92
0
59

19
7
18
23
24
17
17
16
14
18
24
16
19
14
17
18
22
19
19
23
21
10
23
23
13
14
17
14
23
9
13
22
14
21
16
21
24
17
23
14
24
12
20
17
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Table A-1 continued
Implicit causality
(fragments with because)
%NP1 %NP2
Ncause
treiteren
troosten
twijfelen aan
uithoren
uitnodigen
verafschuwen
verbazen
verbijsteren
verdenken
vereren
vergezellen
verliezen van
vernederen
verontrusten
verontschuldigen
veroordelen
verraden
verrassen
vertrouwen
vervelen
verwonden
vleien
vrezen
waarderen
waarschuwen
wantrouwen
wedijveren met
winnen van
zoeken
zorgen maken om

48
16
4
52
79
96
96
4
32
20
83
46
100
100
21
64
40
8
95
56
80
13
4
32
4
39
76
60
0

52
80
96
48
21
0
4
96
68
24
17
42
0
0
79
32
60
80
5
44
20
88
96
64
96
9
20
36
100

23
25
25
25
24
25
25
24
19
25
24
24
24
25
24
25
25
25
22
25
20
24
24
25
25
23
25
25
25

Implicit consequentiality
(fragments with so)
%NP1 %NP2
Nresult
0
31
92
22
19
98
4
11
91
50
6
95
0
5
33
7
6
0
79
5
13
6
96
56
5
95
45
84
55
100

88
69
8
78
81
0
96
89
9
44
94
5
100
95
67
86
94
100
16
95
88
94
4
31
95
5
23
16
45
0

17
13
24
18
16
41
23
19
22
16
16
21
21
21
15
14
16
23
19
19
24
18
23
16
22
22
22
19
11
20

*The verb ‘verafschuwen’ (‘to detest’) was erroneously presented with so in all
fragments.
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Table A-2 The strengths of the implicit causality bias and the implicit consequentiality bias to the NP1 and NP2 in percentages (%NP1 and %NP2), the number of cause
completions (Ncause), and the number of result completions (Nresult) for the 33 verbs tested
in Experiment 1b (N=10). Verbs in bold were tested further in Experiment 2.
Implicit causality
(fragments with because)
%NP1 %NP2
Ncause
afbellen
afleiden
aflossen
afluisteren
besmetten
bespioneren
betrappen
blesseren
diskwalificeren
doorzien
dwarsbomen
geloven
herkennen
hinderen
interviewen
kietelen
krenken
mislopen
ontslaan (N= 7)
opvrolijken
overschatten
reanimeren
roemen (N = 7)
schorsen
tegenhouden
uitlachen
verachten
verafgoden
vergeten
verslaan
vervangen
wekken
wenken
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100
78
50
80
100
90
60
100
0
44
78
10
60
80
11
44
89
100
14
20
33
50
14
30
40
0
0
10
89
70
30
33
90

0
22
50
20
0
10
40
0
100
56
22
90
40
20
89
56
11
0
86
80
67
50
86
70
60
100
100
90
11
30
70
67
10

10
9
10
10
7
10
10
10
10
9
9
10
10
10
9
9
9
10
7
10
9
10
7
10
10
10
10
10
9
10
10
9
10

Implicit consequentiality
(fragments with so)
%NP1 %NP2
Nresult
0
25
67
100
17
100
75
50
11
88
13
100
100
40
80
0
13
88
0
0
100
71
0
0
0
40
100
88
33
86
75
0
0

100
75
33
0
83
0
25
50
89
13
88
0
0
60
20
100
88
13
100
100
0
29
100
100
100
60
0
13
67
14
25
100
100

5
4
9
6
6
7
8
8
9
8
8
7
9
5
5
6
8
8
5
5
8
7
2
9
4
5
7
8
6
7
8
4
8

Appendix to Chapter 2
Table A-3 The strengths of the implicit causality bias and the implicit consequentiality bias to the NP1 and NP2 in percentages (%NP1 and %NP2), the number of cause
completions (Ncause), and the number of result completions (Nresult) for the 44 verbs tested
in Experiment 2 (N=102).
Implicit causality
(fragments with because)
%NP1 %NP2
Ncause
aanklagen
afluisteren
afschrikken
beangstigen
bekritiseren
beschuldigen
bespioneren
betrappen
boos maken
diskwalificeren
dwarsbomen
ergeren
geloven
haten
herkennen
imponeren
irriteren
kalmeren
krenken
medelijden hebben met
mislopen
ontmoedigen
ontslaan
opmerken
provoceren
schamen voor
schorsen
twijfelen aan
verachten
verafgoden
verbazen
verdenken
verliezen van
verontrusten
verslaan
vertrouwen
vervangen
vervelen

19
89
97
99
35
60
87
68
98
11
86
96
18
15
29
97
97
39
92
13
89
92
12
8
96
13
13
22
24
13
95
25
94
96
93
29
30
98

80
10
3
0
65
40
12
32
2
88
13
4
82
84
70
3
3
57
8
87
7
8
88
92
4
86
87
78
76
88
5
75
6
4
7
71
70
2

100
99
101
102
101
100
101
91
101
102
99
101
102
99
82
100
101
99
101
102
101
101
100
102
98
101
102
102
100
96
101
101
101
102
102
100
101
100

Implicit consequentiality
(fragments with so)
%NP1 %NP2
Nresult
20
82
32
21
20
12
73
72
18
15
27
15
93
97
98
34
22
13
17
100
97
25
34
99
18
98
12
98
94
90
30
97
85
14
96
98
91
8

80
18
67
79
80
83
28
26
82
82
73
82
7
2
2
66
78
88
82
0
3
73
66
1
82
1
87
2
6
10
70
3
15
86
4
2
9
92

56
55
82
84
46
41
40
88
84
67
75
84
92
99
87
68
81
48
76
101
94
79
79
83
74
98
76
98
89
86
77
97
48
84
72
95
64
88
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Table A-3 continued
Implicit causality
(fragments with because)
%NP1 %NP2
Ncause
vrezen
waarschuwen
wantrouwen
wenken
winnen van
zorgen maken om
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25
56
22
86
96
18

75
42
77
14
4
82

102
101
101
102
101
101

Implicit consequentiality
(fragments with so)
%NP1 %NP2
Nresult
100
4
96
7
94
100

0
96
4
93
6
0

97
47
98
75
70
99
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B. Appendix to Chapter 3
The results of pretests for Experiment 3 are presented in Table B-1, the experimental sentences and visual stimuli in Experiment 3 can be found in Tables B-2
and B-3, and the mean lengths of the segments of analysis are presented in Table
B-4. The numbering of the verbs is the same in Tables B-1, B-2, and B-3.
Table B-1 presents the strength of the implicit causality bias for each implicit
causality verb in the experimental sentences and the results of the sentence
judgment pretest. The strengths of the implicit biases were established in
Experiment 2 (N = 102; see Chapter 2) and can also be found in Table A-3.
For the reader’s convenience, they have been summarized in Table B-1. The
judgment pretest tested the effectiveness of the neutral clauses and disambiguating clauses in the experimental sentences. In this pretest, participants were
provided with sentences consisting of a main biasing clause and a subordinating
neutral clause, disambiguating congruent clause, or disambiguating incongruent
clause. They had to indicate which protagonist was the referent (NP1 or NP2)
and how certain they were about their choice (certain or uncertain).
Table B-1 The implicit causality biases (Bias; percentages adopted from Table A-3)
and sentence judgment results (referent scores and certainty scores in percentages) as
a function of second clause (neutral, congruent, and incongruent) for NP1-verbs and
NP2-verbs in Experiment 3.
Second clause
Bias
NP1-verbs

Neutral

Congruent

Incongruent

%NP1

%NP1referent

%
Certain

%NP1referent

%
Certain

%NP2referent

%
Certain

1. afluisteren
2. beangstigen
3. dwarsbomen
4. irriteren
5. mislopen
6. ontmoedigen
7. verontrusten
8. verslaan

89
99
86
97
89
90
96
93

40
53
63
53
83
55
58
93

44
43
44
48
30
36
52
51

98
98
98
85
95
83
83
100

79
90
92
71
92
85
79
100

93
93
90
80
95
75
85
100

84
89
97
56
89
80
62
95

Mean

92

62

44

92

86

89

82

%NP2

%NP2referent

%
Certain

%NP2referent

%
Certain

%NP1referent

%
Certain

9. aanklagen
10. geloven
11. haten
12. medelijden...*
13. ontslaan
14. twijfelen aan
15. verdenken
16. wantrouwen

79
76
87
92
82
75
75
81

58
58
55
58
40
50
63
38

52
70
32
70
38
40
56
40

93
85
98
100
93
100
100
98

92
85
97
100
76
90
98
87

98
98
95
98
88
93
88
98

97
92
92
92
66
86
100
69

Mean

81

52

50

96

90

94

90

NP2-verbs

*medelijden hebben met
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Table B-2 The congruent (C) and incongruent (I) versions of the eight NP1-verb sentences
and the eight NP2-verb sentences used in Experiment 3 (in Dutch). The disambiguating
word is in bold face.
NP1-verb sentences
1.

(C)
(I)

2.

(C)
(I)

3.

(C)
(I)

4.

(C)
(I)

5.

(C)
(I)

6.

(C)
(I)

7.

(C)
(I)

8.

(C)
(I)

De koe luisterde het schaap af bij de telefooncel, omdat hij schulden had, en
omdat hij achterdocht kreeg tijdens het gesprek.
koe luisterde het schaap af bij de telefooncel, omdat hij schulden had, en omdat
hij achterdocht veroorzaakte tijdens het gesprek.
De schildpad beangstigde de pinguïn in het bos, omdat hij gespannen was, en
omdat hij enge verhalen vertelde in het donker.
De schildpad beangstigde de pinguïn in het bos, omdat hij gespannen was, en
omdat hij enge verhalen naar vond in het donker.
De uil dwarsboomde de kikker bij het kaarten, omdat hij onaardig was, en omdat
hij dreigde te gaan verliezen in het spel.
De uil dwarsboomde de kikker bij het kaarten, omdat hij onaardig was, en omdat
hij dreigde te gaan winnen in het spel.
De krab irriteerde de egel tijdens wiskunde, omdat hij slecht geslapen had, en
omdat hij aanstellerig was in de klas.
De krab irriteerde de egel tijdens wiskunde, omdat hij slecht geslapen had, en
omdat hij prikkelbaar was in de klas.
Het varken liep de slak mis op het feestje, omdat hij eigenwijs was, en omdat hij
onoplettend was die avond.
Het varken liep de slak mis op het feestje, omdat hij eigenwijs was, en omdat hij
vermomd was die avond.
De zebra ontmoedigde de kangoeroe op de bowlingbaan, omdat hij koppig deed,
en omdat hij punt na punt scoorde in het duel.
De zebra ontmoedigde de kangoeroe op de bowlingbaan, omdat hij koppig deed,
en omdat hij punt na punt verloor in het duel.
De tijger verontrustte de aap op de verjaardag, omdat hij overgevoelig was, en
omdat hij geen antwoord gaf op de vraag.
De tijger verontrustte de aap op de verjaardag, omdat hij overgevoelig was, en
omdat hij geen antwoord kreeg op de vraag.
De vos versloeg de hond met badminton, omdat hij jong was, en omdat hij goed
in vorm was op die dag.
De vos versloeg de hond met badminton, omdat hij jong was, en omdat hij slecht
in vorm was op die dag.

NP2-verb sentences
9.

(C)
(I)

10.

(C)
(I)
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De struisvogel klaagde de muis aan voor de rechtbank, omdat hij gemeen was, en
omdat hij nog steeds geld moest betalen voor het werk.
De struisvogel klaagde de muis aan voor de rechtbank, omdat hij gemeen was, en
omdat hij nog steeds geld moest ontvangen voor het werk.
De panda geloofde het hert aan de deur, omdat hij loyaal was, en omdat hij goede
argumenten had voor de koop.
De panda geloofde het hert aan de deur, omdat hij loyaal was, en omdat hij goede
argumenten kreeg voor de koop.
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Table B-2 continued
NP2-verb sentences
11.

(C)
(I)

12.

(C)
(I)

13.

(C)
(I)

14.

(C)
(I)

15.

(C)
(I)

16.

(C)
(I)

De giraffe haatte het paard tijdens het kamperen, omdat hij afgunstig was, en
omdat hij alle haringen uit de grond haalde op een nacht.
De giraffe haatte het paard tijdens het kamperen, omdat hij afgunstig was, en
omdat hij alle haringen uit de grond moest halen op een nacht.
De kameel had medelijden met de octopus na het examen, omdat hij aardig was,
en omdat hij geen voldoende kon krijgen voor het werk.
De kameel had medelijden met de octopus na het examen, omdat hij aardig was,
en omdat hij geen voldoende kon geven voor het werk.
De beer ontsloeg het nijlpaard in de fabriek, omdat hij een bullebak was, en
omdat hij de goede sfeer wilde verpesten of de werkvloer.
De beer ontsloeg het nijlpaard in de fabriek, omdat hij een bullebak was, en
omdat hij de goede sfeer wilde afdwingen op de werkvloer.
De eekhoorn twijfelde aan de eend in de kliniek, omdat hij onzeker was, en
omdat hij de spuit op de verkeerde plaats zette in het been.
De eekhoorn twijfelde aan de eend in de kliniek, omdat hij onzeker was, en
omdat hij de spuit op de verkeerde plaats voelde in het been.
De haai verdacht de leeuw op het politiebureau, omdat hij sensatiebelust was, en
omdat hij bloedsporen had op de kleding.
De haai verdacht de leeuw op het politiebureau, omdat hij sensatiebelust was, en
omdat hij bloedsporen zag op de kleding.
De krokodil wantrouwde de olifant op het vliegveld, omdat hij bij de bewaking
zat, en omdat hij een verdacht pakketje doorliet bij de controle.
De krokodil wantrouwde de olifant op het vliegveld, omdat hij bij de bewaking
zat, en omdat hij een verdacht pakketje onderschepte bij de controle.
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Table B-3 The visual stimuli for the experimental sentences in Experiment 3. There are
two variants of each visual stimulus, but only one is shown here. In the counterparts of
these visual stimuli, the animal cartoons swapped places and were mirrored.
Visual stimuli for NP1-verb sentences.
1.

2.

3.

4.

5.

6.

7.

8.
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Table B-3 continued
Visual stimuli for NP2-verb sentences
9.

10.

11.

12.

13.

14.

15.

16.
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Table B-4 The mean lengths (Length) and the standard deviations (SD) of the segments
of analysis as a function of Verbbias (NP1-verbs and NP2-verbs) and Congruency (CON
and INC).
Segments of analysis

Congruency*

NP2
distractor
first pause
first connective and pronoun
neutral clause
second pause
second connective and pronoun
before disambiguation
disambiguating

CON
INC
CON
INC
CON
INC

after disambiguation
after the sentence

NP1-verbs
Mean
SD
(ms)
(ms)
782
591
635
433
950
511
435
562
483
446
1003
1011
484
494

153
135
135
29
225
96
31
411
161
134
244
266
63
35

NP2-verbs
Mean
SD
(ms)
(ms)
748
585
572
420
982
537
416
1205
362
409
874
866
496
492

*Congruency pertains only to segments from the disambiguating segment onward.
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133
153
115
41
194
105
37
254
116
145
81
95
21
49
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C. Appendix to Chapter 4
The implicit causality biases and the implicit consequentiality biases for the
verbs in Experiment 4 are presented in Table C-1; the experimental sentences
and visual stimuli in Experiment 4 can be found in Tables C-2 and C-3; and
the mean lengths of the segments of analysis are presented in Table C-4. The
numbering of the verbs is the same in Tables C-1, C-2, and C-3
Talble C-1 presents the strengths of the implicit causality bias and the implicit
consequentiality bias for each verb in the experimental sentences in percentages
rounded to the nearest integer. These strengths were established in Experiment
1a and Experiment 2 (see Chapter 2; N=25 and N=102, respectively) and can
also be found in Table A-1 and Table A-3. For the reader’s convenience, they
have been summarized here.
Table C-1 The strengths of the implicit causality bias and implicit consequentiality
bias to the NP1 and NP2 in percentages (%NP1-because, %NP2-because, %NP-so, and
%NP2-so), the percentage of cause completions (%Cause) and the percentage of result
completions (%Result).

NP1-because/NP1-so verbs
1. afluisteren
2. mislopen
3. verslaan
4. winnen van

Implicit causality
(fragments with because)
%NP1%
because
Cause

Implicit consequentiality
(fragments with so)
%NP1-so
%
Result

89
89
93
96

98
100
100
100

82
97
96
94

54
94
71
69

92

100

92

72

%NP2because

%
Cause

%NP2-so

%
Result

5. beangstigen
6. boos maken
7. dwarsbomen
8. ergeren
9. imponeren
10. irriteerde
11. krenken
12. ontmoedigen
13. provoceren
14. verbazen
15. vervelen
16. wenken

99
98
86
96
97
97
92
92
96
95
98
86

100
99
98
100
99
100
100
99
100
99
100
100

79
82
73
82
66
78
82
66
82
70
92
93

84
83
74
87
68
82
75
80
74
76
87
75

Mean

94

100

79

79

Mean
NP2-because/NP1-so verbs
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Table C-1 continued
NP2-because/NP2-so verbs

Implicit causality
(fragments with because)
%NP2%
because
Cause

Implicit consequentiality
(fragments with so)
%NP2-so
%
Result

17. aanklagen
18. bekritiseren
19. ontslaan
20. schorsen

80
65
88
87

99
99
100
100

80
80
73
87

55
46
77
75

Mean

80

100

80

63

%NP2because

%
Cause

%NP2-so

%
Result

21. geloven
22. haten
23. medelijden hebben met
24. opmerken
25. twijfelen aan
26. verachten
27. verdenken
28. vertrouwen
29. vervangen
30. vrezen
31. wantrouwen
32. zorgen maken om

82
84
87
92
78
76
75
71
70
75
77
82

100
100
100
100
100
100
100
100
99
100
100
99

93
97
100
99
98
94
97
98
91
100
96
100

90
97
100
81
96
93
96
93
63
95
96
97

Mean

79

100

97

91

%NP1because

%
Cause

%NP1so

%
Result

33. inspireren*; 37. aardig vinden*
34. teleurstellen*; 38. verliezen

96
96

96
100

96
85

92
47

NP2-because verbs; NP2-so verbs

%NP2because

%
Cause

%NP2so

%
Result

35. corrigeren*; 39. verwonden*
36. mopperen op*; 40.waarschuwen

84
88

100
100

88
96

96
47

NP2-because/NP1-so verbs

Extra verbs
NP1-because verbs; NP1-so verbs

*Verbs taken from Experiment 1a (N=25).
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Table C-2 The congruent (C) and incongruent (I) versions of the sentences used in
Experiment 4 (in Dutch). The disambiguating word is in bold face. All sentences have
a counterpart in which the protagonists changed place (the NP1 protagonist is the NP2
protagonist in the counterpart, and the NP2 protagonist is the NP1 protagonist in the
counterpart). Sentences pairs that were excluded from the analysis are marked with a #
before the sentence.
NP1-because/NP1-so verb sentences
1.

(C)
(I)
(C)
(I)

2.

(C)
(I)
(C)
(I)

3.

(C)
(I)
(C)
(I)

4.

(C)
(I)
(C)
(I)

De walvis luisterde de zebra af in het hotel, omdat hij behoorlijk wat achterdocht
had gekregen tijdens de vakantie.
De walvis luisterde de zebra af in het hotel, omdat hij behoorlijk wat achterdocht
had veroorzaakt tijdens de vakantie.
De uil luisterde de eekhoorn af in het hotel, dus hij is door de spionagedienst
beloond na het gesprek.
De uil luisterde de eekhoorn af in het hotel, dus hij is door de spionagedienst
ontmaskerd na het gesprek.
De egel liep de vleermuis mis op het station, omdat hij nauwelijks oplette in de
menigte.
De egel liep de vleermuis mis op het station, omdat hij nauwelijks opviel in de
menigte.
#De rups liep de slak mis op het station, dus hij vertrok die middag onverrichter
zake naar huis.
#De rups liep de slak mis op het station, dus hij vertrok die middag
nietsvermoedend naar huis.
Het varken versloeg de pauw met badminton, omdat hij tactisch inzicht
gebruikte tijdens de wedstrijd.
Het varken versloeg de pauw met badminton, omdat hij tactisch inzicht miste
tijdens de wedstrijd.
Het paard versloeg de walrus met badminton, dus hij was nogal tevreden over de
wedstrijd.
Het paard versloeg de walrus met badminton, dus hij was nogal teleurgesteld
over de wedstrijd.
De wesp won van de spin met tennissen, omdat hij alle kansen benutte die
zaterdagmiddag.
De wesp won van de spin met tennissen, omdat hij alle kansen verprutste die
zaterdagmiddag.
De pelikaan won van de aap met tennissen, dus hij verliet het veld juichend die
zaterdagmiddag.
De pelikaan won van de aap met tennissen, dus hij verliet het veld bedrukt die
zaterdagmiddag.
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Table C-2 continued
NP1-because/NP2-so verb sentences
5.

(C)
(I)
(C)
(I)

6.

(C)
(I)
(C)
(I)

7.

(C)
(I)
(C)
(I)

8.

(C)
(I)
(C)
(I)

9.

(C)
(I)
(C)
(I)
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De eekhoorn beangstigde de krab met het verhaal, omdat hij nare herinneringen
oprakelde op een bepaald moment.
De eekhoorn beangstigde de krab met het verhaal, omdat hij nare herinneringen
kreeg op een bepaald moment.
De muis beangstigde de rups met het verhaal, dus hij hield op met luisteren op
een bepaald moment.
De muis beangstigde de rups met het verhaal, dus hij hield op met vertellen op
een bepaald moment.
De uil maakte de eend boos in de klas, omdat hij de spullen gebroken terug gaf
na het gebruik.
De uil maakte de eend boos in de klas, omdat hij de spullen gebroken terug
kreeg na het gebruik.
De vlinder maakte de wesp boos in de klas, dus hij heeft een flinke por
uitgedeeld onder de tafel.
De vlinder maakte de wesp boos in de klas, dus hij heeft een flinke por gekregen
onder de tafel.
De octopus dwarsboomde de pelikaan bij het kaarten, omdat hij anders dreigde te
gaan verliezen die vrijdagavond.
De octopus dwarsboomde de pelikaan bij het kaarten, omdat hij anders dreigde te
gaan winnen die vrijdagavond.
De walrus dwarsboomde de panda bij het kaarten, dus hij heeft alle potjes
verloren die vrijdagavond.
De walrus dwarsboomde de panda bij het kaarten, dus hij heeft alle potjes
gewonnen die vrijdagavond.
#De mier ergerde de muis tijdens het schaken, omdat hij voortdurend
commentaar op het spel gaf in het toernooi.
#De mier ergerde de muis tijdens het schaken, omdat hij voortdurend
commentaar op het spel haatte in het toernooi.
#De pelikaan ergerde het varken tijdens het schaken, dus hij werd op een
gegeven moment chagrijnig in het toernooi.
#De pelikaan ergerde het varken tijdens het schaken, dus hij werd op een
gegeven moment berispt in het toernooi.
De panda imponeerde de olifant bij de turnwedstrijd, omdat hij een ongelofelijk
doorzettingsvermogen toonde bij de oefeningen.
De panda imponeerde de olifant bij de turnwedstrijd, omdat hij een ongelofelijk
doorzettingsvermogen constateerde bij de oefeningen.
De zebra imponeerde de neushoorn bij de turnwedstrijd, dus hij heeft een heel
erg goede beoordeling gegeven voor de oefeningen.
De zebra imponeerde de neushoorn bij de turnwedstrijd, dus hij heeft een heel
erg goede beoordeling gekregen voor de oefeningen.
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Table C-2 continued
NP1-because/NP2-so verb sentences
10.

(C)
(I)
(C)
(I)

11.

(C)
(I)
(C)
(I)

12.

(C)
(I)
(C)
(I)

13.

(C)
(I)
(C)
(I)

14.

(C)
(I)
(C)
(I)

De vos irriteerde de kangaroe in de supermarkt, omdat hij de hele tijd overal
kritiek op had tijdens het winkelen.
De vos irriteerde de kangaroe in de supermarkt, omdat hij de hele tijd overal
kritiek op kreeg tijdens het winkelen.
De spin irriteerde de slak in de supermarkt, dus hij is op een gegeven moment
weggelopen tijdens het winkelen.
De spin irriteerde de slak in de supermarkt, dus hij is op een gegeven moment
weggestuurd tijdens het winkelen.
#De neushoorn krenkte het paard tijdens de computercursus, omdat hij
ongefundeerde kritiek gaf die ochtend.
#De neushoorn krenkte het paard tijdens de computercursus, omdat hij
ongefundeerde kritiek kreeg die ochtend.
De aap krenkte de vos tijdens de computercursus, dus hij wilde excuses hebben
die ochtend.
De aap krenkte de vos tijdens de computercursus, dus hij wilde excuses maken
die ochtend.
De kikker ontmoedigde de mol in de schaatswedstrijd, omdat hij de voorsprong
vrij snel uitbouwde na de start.
De kikker ontmoedigde de mol in de schaatswedstrijd, omdat hij de voorsprong
vrij snel kwijtraakte na de start.
De krab ontmoedigde de egel in de schaatswedstrijd, dus hij arriveerde veruit als
laatste bij de finish.
De krab ontmoedigde de egel in de schaatswedstrijd, dus hij arriveerde veruit als
eerste bij de finish.
De slak provoceerde de vlinder in het kamerdebat, omdat hij een flinke
aansporing nodig vond die woensdagmorgen.
De slak provoceerde de vlinder in het kamerdebat, omdat hij een flinke
aansporing nodig had die woensdagmorgen.
De mol provoceerde de uil in het kamerdebat, dus hij heeft een aggressieve
reactie gegeven die woensdagmorgen.
De mol provoceerde de uil in het kamerdebat, dus hij heeft een aggressieve
reactie gekregen die woensdagmorgen.
De rups verbaasde de kwal op het feestje, omdat hij de toespraak niet had
aangekondigd van te voren.
De rups verbaasde de kwal op het feestje, omdat hij de toespraak niet had
verwacht van te voren.
#De pauw verbaasde de octopus op het feestje, dus hij moest het absurde verhaal
nogmaals horen die avond.
#De pauw verbaasde de octopus op het feestje, dus hij moest het absurde verhaal
nogmaals vertellen die avond.
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Table C-2 continued
NP1-because/NP2-so verb sentences
15.

(C)
(I)
(C)
(I)

16.

(C)
(I)
(C)
(I)

De hond verveelde de aap in de auto, omdat hij het verhaal al zeker tien keer had
verteld tijdens de rit.
De hond verveelde de aap in de auto, omdat hij het verhaal al zeker tien keer had
gehoord tijdens de rit.
De vleermuis verveelde de eekhoorn in de auto, dus hij is uiteindelijk
opgehouden met luisteren tijdens de rit.
De vleermuis verveelde de eekhoorn in de auto, dus hij is uiteindelijk
opgehouden met vertellen tijdens de rit.
De giraffe wenkte de walrus op het terras, omdat hij nog steeds een drankje
moest krijgen na een kwartier.
De giraffe wenkte de walrus op het terras, omdat hij nog steeds een drankje
moest brengen na een kwartier.
Het paard wenkte de walvis op het terras, dus hij is snel met de bestelling
gekomen deze keer.
Het paard wenkte de walvis op het terras, dus hij is snel met de bestelling
geholpen deze keer.

NP2-because/NP2-so verb sentences
17.

(C)
(I)
(C)
(I)

18.

(C)
(I)
(C)
(I)

19.

(C)
(I)
(C)
(I)
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De vos klaagde de octopus aan bij de rechtbank, omdat hij nog steeds geld moest
betalen voor het werk.
De vos klaagde de octopus aan bij de rechtbank, omdat hij nog steeds geld moest
ontvangen voor het werk.
De kwal klaagde de mier aan bij de rechtbank, dus hij heeft de schadevergoeding
betaald op korte termijn.
De kwal klaagde de mier aan bij de rechtbank, dus hij heeft de schadevergoeding
ontvangen op korte termijn.
De panda bekritiseerde de neushoorn in het restaurant, omdat hij de maaltijd
slecht klaargemaakt had op die avond.
De panda bekritiseerde de neushoorn in het restaurant, omdat hij de maaltijd
slecht klaargemaakt vond op die avond.
De kangoeroe bekritiseerde de hond in het restaurant, dus hij heeft een nieuwe
maaltijd gemaakt op die avond.
De kangoeroe bekritiseerde de hond in het restaurant, dus hij heeft een nieuwe
maaltijd gekregen op die avond.
De vlinder ontsloeg de muis na de zomervakantie, omdat hij bezig was de
afdeling te saboteren van het bedrijf.
De vlinder ontsloeg de muis na de zomervakantie, omdat hij bezig was de
afdeling te reorganiseren van het bedrijf.
De eend ontsloeg de kikker na de zomervakantie, dus hij moest opnieuw gaan
solliciteren binnen afzienbare tijd.
De eend ontsloeg de kikker na de zomervakantie, dus hij moest opnieuw gaan
werven binnen afzienbare tijd.
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Table C-2 continued
NP2-because/NP2-so verb sentences
20.

(C)
(I)
(C)
(I)

De krab schorste de mol in de gymzaal, omdat hij overtreding na overtreding
maakte die middag.
De krab schorste de mol in de gymzaal, omdat hij overtreding na overtreding
vaststelde die middag.
De olifant schorste de giraffe in de gymzaal, dus hij moest het volleybal team
verlaten na het incident.
De olifant schorste de giraffe in de gymzaal, dus hij moest het volleybal team
kalmeren na het incident.

NP2-because/NP1-so verb sentences
21.

(C)
(I)
(C)
(I)

22.

(C)
(I)
(C)
(I)

23.

(C)
(I)
(C)
(I)

24.

(C)
(I)
(C)
(I)

#De zebra geloofde de walrus op de markt, omdat hij goede argumenten
aangevoerd had in het gesprek.
#De zebra geloofde de walrus op de markt, omdat hij goede argumenten
aangevoerd kreeg in het gesprek.
De walvis geloofde de panda op de markt, dus hij is in de oplichterij getrapt in
het gesprek.
De walvis geloofde de panda op de markt, dus hij is in de oplichterij geslaagd in
het gesprek.
De aap haatte de pauw bij het kamperen, omdat hij alle vervelende klusjes
doorgeschoven heeft in die week.
De aap haatte de pauw bij het kamperen, omdat hij alle vervelende klusjes
doorgeschoven kreeg in die week.
De neushoorn haatte de giraffe bij het kamperen, dus hij heeft venijnige
opmerkingen gemaakt in de groepstent.
De neushoorn haatte de giraffe bij het kamperen, dus hij heeft venijnige
opmerkingen ontvangen in de groepstent.
De giraffe had medelijden met de walvis na het examen, omdat hij een hele dikke
onvoldoende had gekregen deze keer.
De giraffe had medelijden met de walvis na het examen, omdat hij een hele dikke
onvoldoende had gegeven deze keer.
De kikker had medelijden met de egel na het examen, dus hij heeft uiteindelijk
een voldoende gegeven deze keer.
De kikker had medelijden met de egel na het examen, dus hij heeft uiteindelijk
een voldoende gekregen deze keer.
De olifant merkte het paard op in het park, omdat hij buitengewoon veel lawaai
maakte die ochtend.
De olifant merkte het paard op in het park, omdat hij buitengewoon veel lawaai
hoorde die ochtend.
De mol merkte de vleermuis op in het park, dus hij heeft met verstoppertje
gewonnen die beurt.
De mol merkte de vleermuis op in het park, dus hij heeft met verstoppertje
verloren die beurt.
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Table C-2 continued
NP2-because/NP1-so verb sentences
25.

(C)
(I)
(C)
(I)

26.

(C)
(I)
(C)
(I)

27.

(C)
(I)
(C)
(I)

28.

(C)
(I)
(C)
(I)

29.

(C)
(I)
(C)
(I)
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De spin twijfelde aan de kwal in de kliniek, omdat hij de spuit op de verkeerde
plek zette bij de behandeling.
De spin twijfelde aan de kwal in de kliniek, omdat hij de spuit op de verkeerde
plek voelde bij de behandeling.
#De pauw twijfelde aan de kangoeroe in de kliniek, dus hij heeft buitengewoon
veel vragen gesteld over de behandeling.
#De pauw twijfelde aan de kangoeroe in de kliniek, dus hij heeft buitengewoon
veel vragen gekregen over de behandeling.
De hond verachtte het varken tijdens de militaire expeditie, omdat hij heel erg
schofterig was geweest onderweg.
De hond verachtte het varken tijdens de militaire expeditie, omdat hij heel erg
schofterig was behandeld onderweg.
#De mier verachtte de wesp tijdens de militaire expeditie, dus hij heeft geen
enkel respect opgebracht onderweg.
#De mier verachtte de wesp tijdens de militaire expeditie, dus hij heeft geen
enkel respect gekregen onderweg.
De kangoeroe verdacht de pelikaan op het politiebureau, omdat hij onduidelijke
antwoorden gaf tijdens het gesprek.
De kangoeroe verdacht de pelikaan op het politiebureau, omdat hij onduidelijke
antwoorden kreeg tijdens het gesprek.
De eend verdacht de krab op het politiebureau, dus hij heeft scherpe vragen
gesteld tijdens het gesprek.
De eend verdacht de krab op het politiebureau, dus hij heeft scherpe vragen
gekregen tijdens het gesprek.
De eekhoorn vertrouwde de kikker op het kantoor, omdat hij altijd eerlijk was
geweest in het project.
De eekhoorn vertrouwde de kikker op het kantoor, omdat hij altijd eerlijk was
behandeld in het project.
De octopus vertrouwde de hond op het kantoor, dus hij heeft de
verantwoordelijkheid overgedragen in het project.
De octopus vertrouwde de hond op het kantoor, dus hij heeft de
verantwoordelijkheid gekregen in het project.
De vleermuis verving de eend tijdens de voetbalwedstrijd, omdat hij ontzettend
graag wilde uitrusten in de tweede helft.
De vleermuis verving de eend tijdens de voetbalwedstrijd, omdat hij ontzettend
graag wilde spelen in de tweede helft.
De zebra verving de olifant tijdens de voetbalwedstrijd, dus hij kon het speelveld
betreden in de tweede helft.
De zebra verving de olifant tijdens de voetbalwedstrijd, dus hij kon het speelveld
verlaten in de tweede helft.
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Table C-2 continued
NP2-because/NP1-so verb sentences
30.

(C)
(I)
(C)
(I)

31.

(C)
(I)
(C)
(I)

32.

(C)
(I)
(C)
(I)

De egel vreesde de uil in de boksring, omdat hij harde klappen kon uitdelen bij
het gevecht.
De egel vreesde de uil in de boksring, omdat hij harde klappen kon verwachten
bij het gevecht.
De kwal vreesde de vlinder in de boksring, dus hij heeft weinig tegenstand
geboden bij het gevecht.
De kwal vreesde de vlinder in de boksring, dus hij heeft weinig tegenstand
gekregen bij het gevecht.
De slak wantrouwde de mier op het vliegveld, omdat hij verdachte documenten
toonde bij de controle.
De slak wantrouwde de mier op het vliegveld, omdat hij verdachte documenten
aantrof bij de controle.
Het varken wantrouwde de vos op het vliegveld, dus hij is aan een intensief
onderzoek begonnen bij de controle.
Het varken wantrouwde de vos op het vliegveld, dus hij is aan een intensief
onderzoek onderworpen bij de controle.
De wesp maakte zich zorgen om de rups aan het ziekbed, omdat hij het verkeerde
medicijn had ingenomen de afgelopen nacht.
De wesp maakte zich zorgen om de rups aan het ziekbed, omdat hij het verkeerde
medicijn had toegediend de afgelopen nacht.
De muis maakte zich zorgen om de spin aan het ziekbed, dus hij heeft een extra
dosis pijnstillers gegeven de afgelopen nacht.
De muis maakte zich zorgen om de spin aan het ziekbed, dus hij heeft een extra
dosis pijnstillers gekregen de afgelopen nacht.

NP1-because verb sentences
33.

(C)
(I)

34.

(C)
(I)

#De eland inspireerde de dolfijn op de filmset, omdat hij onverwacht acteertalent
manifesteerde tijdens de opnames.
#De eland inspireerde de dolfijn op de filmset, omdat hij onverwacht acteertalent
ontdekte tijdens de opnames.
#De krokodil stelde de koe teleur bij de formule 1 races, omdat hij te hoge
verwachtingen had gewekt in het toernooi.
#De krokodil stelde de koe teleur bij de formule 1 races, omdat hij te hoge
verwachtingen had gekregen in het toernooi.

NP2-because verb sentences
35.

(C)
(I)

36.

(C)
(I)

De koe corrigeerde het nijlpaard in de rekenles, omdat hij steeds dezelfde fout
maakte bij het staartdelen.
De koe corrigeerde het nijlpaard in de rekenles, omdat hij steeds dezelfde fout
constateerde bij het staartdelen.
De haai mopperde op de eland bij het schoonmaken, omdat hij overal spullen
achterliet in de kamer.
De haai mopperde op de eland bij het schoonmaken, omdat hij overal spullen
terugvond in de kamer.
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Table C-2 continued
NP1-so verb sentences
37.

(C)
(I)

38.

(C)
(I)

De kameel vond de krokodil aardig tijdens de bootreis, dus hij heeft een
persoonlijke rondleiding gegeven die middag.
De kameel vond de krokodil aardig tijdens de bootreis, dus hij heeft een
persoonlijke rondleiding gekregen die middag.
De dolfijn verloor van de beer met judo, dus hij is in het klassement gedaald na
de wedstrijd.
De dolfijn verloor van de beer met judo, dus hij is in het klassement gestegen na
de wedstrijd.

NP2-so verb sentences
39.

(C)
(I)

40.

(C)
(I)

Het nijlpaard verwondde de kameel bij het honkballen, dus hij moest snel hulp
krijgen in het stadion.
De nijlpaard verwondde de kameel bij het honkballen, dus hij moest snel hulp
bieden in het stadion.
De beer waarschuwde de haai voor zakkenrollers, dus hij heeft een onveilig
gevoel gekregen tijdens de reis.
De beer waarschuwde de haai voor zakkenrollers, dus hij heeft een onveilig
gevoel opgeroepen tijdens de reis.

Table C-3 The visual stimuli for the experimental sentences in Experiment 4 (see Table
C-2). As with the visual stimuli in Experiment 3 (see Appendix B), there are two variants
of each visual stimulus, but only one is shown here. In the counterparts of these visual
stimuli, the animal cartoons swapped places and were mirrored.
Visual stimuli for NP1-because/NP1-so verb sentences
1.

2.
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Table C-3 continued
Visual stimuli for NP1-because/NP1-so verb sentences
3.

4.

Visual stimuli for NP1-because/NP2-so verb sentences
5.

6.

153

Appendix C
Table C-3 continued
Visual stimuli for NP1-because/NP2-so verb sentences
7.

8.

9.

10.
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Table C-3 continued
Visual stimuli for NP1-because/NP2-so verb sentences
11.

12.

13.

14.
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Table C-3 continued
Visual stimuli for NP1-because/NP2-so verb sentences
15.

16.

Visual stimuli for NP2-because/NP2-so verb sentences
17.

18.
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Table C-3 continued
Visual stimuli for NP2-because/NP2-so verb sentences
19.

20.

Visual stimuli for NP2-because/NP1-so verb sentences
21.

22.
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Visual stimuli for NP2-because/NP1-so verb sentences
23.

24.

25.

26.
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Table C-3 continued
Visual stimuli for NP2-because/NP1-so verb sentences
27.

28.

29.

30.
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Table C-3 continued
Visual stimuli for NP2-because/NP1-so verb sentences
31.

32.

Visual stimuli for NP1-because verb sentences
33.

34.

Visual stimuli for NP2-because verb sentences
35.
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Table C-3 continued
Visual stimuli for NP1-so verb sentences
37.

38.

Visual stimuli for NP2-so verb sentences
39.

40.
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Tabel C-4 The mean lengths (Length) and the standard deviations (SD) of the segments
of analysis as a function of Verbbias (NP1-verbs and NP2-verbs), Connective (because
and so) and Congruency (CON and INC).
Segment
NP2
distractor
pause
connective and pronoun
before disambiguation
disambiguation

NP1-verbs
Connective ConLength
SD
gruency*
(ms)
(ms)
because
so
because
so
because
so
because
so
because
so
because
so

after disambiguation

because
so

after the sentence

because
so

CON
INC
CON
INC
CON
INC
CON
INC
CON
INC
CON
INC

854
892
696
689
615
669
465
282
1339
1294
553
526
604
679
1074
1066
1038
1032
494
497
493
494

215
261
260
202
118
109
49
25
431
398
171
229
107
105
151
157
207
199
33
22
37
34

NP2-verbs
Length
SD
(ms)
(ms)
852
823
818
834
583
597
456
295
1382
1193
530
608
610
550
986
988
1098
1101
496
494
497
498

*Congruency pertains only to segments from the disambiguating segment onward.
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166
170
243
246
71
111
40
39
306
284
118
201
141
122
213
216
198
190
27
31
26
15
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D. Issues in Analyzing Data From Visual World Experiments
This appendix discusses three issues associated with the analysis of visual world
method data. The first issue is the definition of segments of analysis, that is,
the definition of time intervals in which proportions of looks are averaged or
in which novel looks are scored in order to perform the Looks and Novel Look
analyses. The second issue is the practice of binning, as sometimes Looks are
first averaged over small time intervals or bins, before averaging over segments
of analysis. The third issue is the alignment of visual world method data to a
point of interest in the linguistic input. These issues are aspects of what Altmann
and Kamide (2004) call the synchronization problem, that is, the problem of
accurately coupling eye-movements to linguistic input in the auditory signal.
Defining segments of analysis. A proportion of fixations can be calculated for
each sample point, and these proportions can then be averaged over an auditory
segment for the purpose of analysis. Typically, for measures based on proportions of fixations, the segments of analysis are time windows that are fixed for
each trial and, therefore, for each auditory stimulus (Arnold, Eisenband, BrownSchmidt, & Trueswell, 2000; Brown-Schmidt, Byron, & Tanenhaus, 2005;
Chambers, Tanenhaus, Eberhard, Filip, & Carlson, 2002; Dahan & Tanenhaus,
2004). For example, Dahan and Tanenhaus (2004) analyzed the average proportion of fixations in a fixed time window ranging from 200 to 500 ms after the
onset of the word they were interested in (the target word). However, it is also
possible, as shown in Chapters 3 and 4, to make the segments of analysis correspond to elements in the linguistic input, the duration of which is not fixed
for each auditory stimulus, and to average over each sample point within these
segments.
When calculating measures based on proportions of novel looks, one
must start by defining segments of analysis, because whether a novel look was
made to an area or not can only be determined for a given segment of analysis.
Typically, for measures based on proportions of novel looks, these segments
of analysis correspond to elements of the linguistic input (Altmann, 2004;
Huettig & Altmann, 2005; Kamide, Altmann, & Haywood, 2003). The way in
which segments of analysis are typically defined, therefore, differs between
measures based on proportions of fixations and measures based on proportions
of novel looks. Nevertheless, the typical way of defining segments of analysis
for measures based on proportions of novel looks (that is, to make segments of
analysis correspond with elements of the linguistic input) is also advantageous
for proportion of fixation-based measures, because in that case the relation of
segments of analysis with the linguistic input is direct, in contrast to when fixed
time windows are used.
Binning. Some authors first calculate proportions of fixations for small time
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windows or bins, before averaging the proportion per bin over a segment of
analysis consisting of one or more bins. For example, Dahan and Tanenhaus
(2004) first calculated proportions for subsequent 10 msec time intervals starting
from the onset of a target word. The proportions for these 10 msec bins were
averaged over the segment of analysis from 200 to 500 msec after onset of the
target word. The purpose of these bins is unclear. Moreover, Dahan and Tanenhaus
sampled every 4 msec, so their bins alternately included 2 and 3 sample points.
For the purpose of statistical analysis, the practice of binning is not necessary. If
proportions are calculated over bins, each bin should preferably include an equal
number of sample points. However, binning is useful in smoothing graphs of
visual world method data. If eye movements are sampled densely (for example,
one sample point each 4 msec), graphs of these data will not look smooth, because
of small fluctuations in the average proportions at each sample point. In this case,
for display purposes, proportions may be averaged over bins with a size that is
determined to be sufficient to mask these small fluctuations. These bins ideally
contain an uneven number of sample points, so the average over these bins may
be plotted above the central sample point of these bins.
Alignment. The question of alignment arises because a point of interest in the linguistic input of different auditory stimuli will probably occur at different points
in time, as measured from the onset of the sentence. Consider sentences (1) and
(2).
(1) The cow eavesdropped on the sheep at the telephone booth, because he
became suspicious during the conversation.
(2) The camel felt sorry for the octopus after the exam, because he could not give
a pass mark for the exam.
For example, the onset of the NP2 noun (“sheep” versus “octopus”), the onset
of the distractor noun (“telephone booth” versus “exam”), and the onset of the
connective and pronoun segment (“because he”) will occur at different points in
time in sentences (1) and (2), as measured from the onset of the sentence.
In order to investigate linguistic processing by means of the visual world method,
the eye movement samples should be aligned to a particular point of interest
in the linguistic input, before averaging the data. The data that are considered
for analyses should be close to this alignment point, because that is where the
relation between the data and the linguistic input is clear. Further away from the
alignment point, it becomes less clear which element in the linguistic input, at
that point in time, is responsible for effects in the data.
For the Looks measure analyses in Chapters 3 and 4, the data were aligned
to the onsets of linguistic input elements with which the auditory segments of
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analysis corresponded, for example, the onset of the NP2 noun for the NP2
segment. An example of data that are not properly aligned is shown in three of
the four plots discussed by Altmann and Kamide (2004), which are aligned to
the onset of the sentence. As the onset of the sentence is not a point of interest
in the linguistic input for the data they present, and as the points of interest in
the linguistic input do not occur at approximately the same points in time for
the sentences, it is inappropriate to align the data to the onset of the sentence.
Similarly, it is inappropriate to define fixed time window segments of analysis
for the whole sentence starting from the onset of the sentence if this is not the
point of interest in the linguistic input. When used, fixed time window segments
of analysis should be defined starting from alignment points that correspond to
points of interest in the linguistic input.
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E. Analyzing the Data of Visual World Experiments: the Looks
Measure Versus the Novel Look Measure
Chapter 3 explained that there are at least two different measures for analyzing
eye movements in visual world experiments: the proportion of fixations measure
(Dahan & Tanenhaus, 2004) and the proportion of novel looks measure (Kamide,
Altmann, & Haywood, 2003). The measure used in Chapters 3 and 4 is based
on the proportion of fixations measure and was called the Looks measure. This
appendix discusses a measure that will be called the Novel Look measure and that
is identical to the measure employed by Kamide et al. (2003).1 To illustrate differences between the Looks measure and the Novel Look measure, this appendix will
present the results of an analysis of the data from Experiment 3 using the Novel
Look measure. The segments that were analyzed in the Novel Look analyses were
the same segments as those in the Looks analyses, and these segments of analysis
corresponded to segments in the linguistic input. The results of the Novel Look
analyses are discussed in comparison with the results of the Looks analyses.
Calculation of the Novel Look measure. The notion of a “look,” which is crucial
to the definition of the Looks measure, is used to define the Novel Look measure as
well. In Chapter 3, a look was defined as an eye-movement event that starts after
the end of the previous fixation and ends at the end of the current fixation. Most
of the time, a look will consist of an in-saccade and a fixation, and sometimes it
will also include a blink. The visual stimuli in Experiment 3 were divided into
four different areas at which participants could start a look: the NP1-area, the
NP2-area, the distractor area, and the background area.
In order to calculate the Novel Look measure, it was determined for each
area in each trial (see Chapter 3, “Procedure”) whether participants made a novel
look at the area within the time interval of a segment of analysis, that is, whether
they started at least one look at the area in the segment. The Novel Look measure
to an area in a specific segment of analysis was then defined as a proportion: the
number of experimental trials in which participants made a novel look at that
area during the segment, divided by the total number of trials in the segment.
For a given segment, the Novel Looks to the different areas on the screen do not
need to sum up to one, as participants may start looks at multiple areas if the
interval is long enough. As with the Looks measure, the Novel Look measure was
calculated per experimental condition for plotting (averaging over participants
and items), per experimental condition and participants for statistical analysis
by participants, and per experimental condition and item for statistical analysis
Kamide et al. scored per experimental trial if at least one eye movement was made to
a visual object during a particular auditory segment. They defined an eye movement as
a saccadic movement ending in a fixation, which means that they must have excluded
saccades caused by blinks. For the Novel Look measure, in contrast with the Looks
measure, all looks with blinks were excluded as well.
1.
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by items. Looks containing blinks were treated in a different way in the calculation of the Looks measure than in the calculation of the Novel Look measure,
because a blink causes the start of a novel look by definition. Blinks made by
participants during the presentation of the experimental items were considered to
be involuntary, and, therefore, looks starting with a blink were excluded from the
calculation of the Novel Look measure. In the calculation of the Looks measure,
only looks with blinks were excluded that ended in a different area than the
previous look.
Novel Look results
The Novel Look data were analyzed in the same way as the Looks data from
Experiment 3, that is, by means of repeated measures ANOVA with the factors
NP1-area and Verbbias for segments before the onset of the disambiguating word,
supplemented with the factor Congruency for segments from the disambiguating
word onwards. Results are reported first for segments before the onset of the
disambiguating word and subsequently for segments from the disambiguating
word onwards.
Segments of Analysis Before the Onset of the Disambiguating Word
The data for the segments before the onset of the disambiguating word are
presented in Figure E-1 and the results of the statistical analyses in Table E-1.
NP2 segment. There was an effect of NP-area. Participants more often made
a novel look at the NP2-area than to the NP1-area (.52 versus .38) in this
segment.
Distractor segment. There was a marginal effect of NP-area and a marginal interaction between Verbbias and NP-area in the Novel Look analyses. The marginal
effect of NP-area can be explained by an overall tendency to look more at the
NP1-area than at the NP2-area. As can be seen in Figure E-1, there is a drop in
the Novel Look at the NP2-area going from the NP2 segment to the distractor
segment, whereas the Novel Look at the NP1-area only shows a small decline.
There is a marginal interaction between Verbbias and NP-area, because participants more often made a novel look at the NP1-area than to the NP2-area in for
NP1-verbs (.39 versus .26), whereas they equally often made a novel look at the
NP1- and NP2-area for NP2-verbs (.32).
Pause1 segment. There was a main effect of NP-area: Participants more often
made a novel look at the NP1-area than to the NP2-area (.39 versus .29). This
effect may be attributed to the influence of first mention.
Conn+pro1 segment. There was a marginal interaction between Verbbias and
NP-area. For NP1-verbs, the participants, numerically, more often made a novel
look at the NP1-area than to the NP2-area (.32 versus .26); for NP2-verbs, participants, numerically, more often made a novel look at the NP2-area than to the
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NP1-area (.28 versus .25). The pattern in the novel looks was consistent with
the expectations based on the focusing account, but the interaction was only
marginally significant.
Neutral clause segment. The analysis showed no effects in this segment.
Pause2, conn+pro2, and pre_disamb segments.. There was a main effect of
Verbbias in the segment before disambiguation. This effect may be attributed to
the fact that this segment was more than twice as long in the NP2-verb condition
as in the NP1-verb condition. Consequently, participants had considerably more
time to launch looks in the NP2-verb condition than in the NP1-verb condition.
The result was that participants more often made a novel look both to the NP1-area
and to the NP2-area, in the NP2-verb condition than in the NP1-verb condition.
There were no other relevant effects in these segments (see Table E-1)
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NP1 verbs
0.6

A

Novel Look

0.5

0.4

0.3

0.2

0.1

0.0
NP2

distractor pause1

conn+
pro1

neutral
clause

pause2
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pre_disamb

Segments
NP1 area

NP2 area

Distr area

NP2 verbs
0.6

B

Novel Look

0.5

0.4

0.3

0.2

0.1

0.0
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distractor pause1
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pro1

neutral
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conn
+pro2

pre_disamb
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Figure E-1 Novel Look data for NP1-verbs (Panel A) and NP2-verbs (Panel B) for the
segments of analysis before the onset of the disambiguating word: the NP2 segment
(NP2), distractor segment (distractor), first pause segment (pause1), first connective
and pronoun segment (conn+pro1), neutral clause segment (neutral clause), second
pause segment (pause2), second connective and pronoun segment (conn+pro2), and the
segment before disambiguation (pre_disamb) in Experiment 3.
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before
disambiguation

second connective
and pronoun

second pause

neutral clause

first connective
and pronoun

first pause

distractor

1.96
7.10
0.81
0.03
3.33
3.98
2.75
8.25
0.03
1.17
0.25
3.54
0.04
0.15
1.92
4.94
0.33
0.27
2.42
1.01
0.43
122.26
0.37
1.26

NP2

V
N
V*N
V
N
V*N
V
N
V*N
V
N
V*N
V
N
V*N
V
N
V*N
V
N
V*N
V
N
V*N

F1
(1,37)

Segment of
analysis
0.019
0.105
0.046
0.012
0.049
0.041
0.020
0.046
0.036
0.017
0.042
0.023
0.021
0.056
0.033
0.015
0.053
0.046
0.015
0.037
0.029
0.019
0.028
0.033

0.170
0.011
0.373
0.854
0.076
0.054
0.106
0.007
0.873
0.286
0.622
0.068
0.834
0.701
0.174
0.033
0.569
0.606
0.129
0.322
0.517
0.000
0.545
0.269

By Participants
MSE
p

**

*

†

**

†
†

*

0.51
18.66
0.93
0.00
4.27
4.27
0.45
20.89
0.05
1.77
0.48
3.75
0.01
0.34
2.59
1.48
0.31
0.22
2.07
0.90
0.30
8.63
0.16
0.63

F2
(1,14)
0.015
0.008
0.008
0.018
0.008
0.008
0.026
0.004
0.004
0.002
0.005
0.005
0.015
0.005
0.005
0.011
0.012
0.012
0.004
0.009
0.009
0.058
0.014
0.014

0.488
0.001
0.351
0.946
0.058
0.058
0.515
0.000
0.825
0.204
0.500
0.073
0.911
0.571
0.130
0.243
0.586
0.645
0.173
0.359
0.591
0.011
0.697
0.440

By Items
MSE
p

*

†

**

†
†

**

49.8
25.3
38.1
45.8
36.1
39.3
46.7
25.7
29.2
33.1
29.3
39.6
50.4
27.2
35.1
50.5
41.8
44.1
43.4
42.6
46.5
41.9
50.9
50.1

df2
0.40
5.14
0.43
0.00
1.87
2.06
0.38
5.91
0.02
0.71
0.16
1.82
0.01
0.10
1.10
1.14
0.16
0.12
1.11
0.48
0.18
8.06
0.11
0.42

0.530
0.032 *
0.516
1.000
0.180
0.159
0.541
0.022 *
0.889
0.405
0.692
0.185
0.921
0.754
0.301
0.291
0.691
0.731
0.298
0.492
0.673
0.007 **
0.742
0.520

MinF’
MinF’
p
(1,df2)

Table E-1 Results of the statistical analyses of Novel Look data for segments of analysis that started before the onset of the disambiguating
word (Experiment 3). The table gives an overview of F1, F2, and MinF’ analyses (V = Verbbias and N = NP-area).
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Segments of Analysis From the Onset of the Disambiguating Word Onward
The data for the segments from the onset of the disambiguating word onward are
presented in Figure E-2 and the results of the statistical analyses in Table E-2.
Disambiguating segment. The analysis showed no effects at this segment.
Segment after disambiguation. There was a three-way interaction between
Verbbias, Congruency, and NP-area. To further explore this three-way interaction effect, pairwise comparisons were performed.
In the congruent NP1-verb condition, participants more often made a novel
look at the NP1-area than to the NP2-area (.66 versus .33): t1(37) = 4.34, p < .01;
t2(7) = 2.53, p < .05. In the congruent NP2-verb condition, participants more often
made a novel look at the NP2-area than to the NP1-area (.66 versus .28): t1(36)
= -6.71, p < .01; t2(7) = -7.37, p < .01. In the incongruent NP1-verb condition,
participants more often made a novel look at the NP2-area than to the NP1-area
(.68 versus .47), but this difference just failed to be significant in the by items
analysis: t1(35) = -2.77, p < .01; t2(7) = 2.20, p = .063. In the NP2-verb incongruent condition, participants equally often made a novel look at the NP1-area and
the NP2-area (.58 versus .46): t1(35) < 1; t2(7) = 1.61, p = .152. The results were
in the direction expected for the pronoun resolution process: Participants started
to look more at the referent than at the nonreferent (.65 versus .40). However,
this effect was mostly due to congruent sentences, as can be seen in Figure E-2
(compare Panels A and C to Panels B and D).
Segment after the sentence. There was a main effect of Congruency
(congruent: .33, incongruent: .42), and, as in the segment after disambiguation,
there was a three-way interaction between Verbbias, Congruency, and NP-area.
The main effect of Congruency was due to the fact that participants more often
made a novel look at both the NP1-area and the NP2-area in the incongruent
condition than in the congruent condition. It may be concluded that participants already established the referent in the segment after disambiguation in the
congruent condition. To further explore the three-way interaction effect, pairwise
comparisons were performed.
In the congruent NP1-verb condition, the difference in Novel Looks to the
NP1-area and the NP2-area (.37 versus .23) nearly reached significance in the
by participants analyses, but was not significant in the by items analysis: t1(37)
= 2.01, p = .052; t2(7) = 1.53, p < .164. In the congruent NP2-verb condition,
participants made more novel looks to the NP2-area than to the NP1-area (.47
versus .26): t1(36) = -2.84, p < .01; t2(7) = -2.66, p < .05. In the incongruent NP1verb condition, the difference in Novel Looks to the NP2-area and the NP1-area
(.51 versus .35) was only marginally significant in the by participants analysis:
t1(35) = -1.92, p = .063; t2(7) = -1.06, p = .323. In the NP2-verb incongruent
condition, participants made more novel looks to the NP1-area than to the NP2area (.50 versus .30): t1(35) = 2.32, p < .05; t2(7) = 2.76, p < .05.
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As in the previous segment, the participants looked more consistently at the
referent than at the nonreferent (.46 versus .29). However, this time, the effect
seemed to be weaker for NP1-verb sentences (difference: .15) than for NP2-verb
sentences (difference: .21). It seemed then that the pronoun resolution process
was concluded earlier in the NP1-verb sentences than in the NP2-verb sentences.
The difference between the congruent and incongruent conditions observed in
the previous segment was gone. Together with the absence of an interaction
effect between Verbbias and NP-area, the results indicated that the referent had
been found in all sentence types.
Congruent
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0.9

NP1 verbs

Incongruent

B

A

Novel Look
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0.6
0.5
0.4
0.3
0.2
0.1
0.0

disamb

post_disamb post_sentence

disamb

Segments

Segments

NP1 area

Congruent
1.0
0.9

post_disamb post_sentence

NP2 area

NP2 verbs

C

Distr area

Incongruent

D

Novel Look

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

disamb

post_disamb post_sentence

Segments

disamb

post_disamb post_sentence

Segments

Figure E-2 Novel Look data for the segments of analysis that started after the onset of
the disambiguating word in Experiment 3. Panels A and B show the data in the NP1-verb
congruent and incongruent conditions, respectively, and panels C and D show the data in
the NP2-verb congruent and incongruent conditions.
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after sentence

after
disambiguation

0.09
0.61
0.43
0.03
5.62
0.10
0.47
3.89
0.78
2.85
0.35
8.22
0.02
34.31
0.98
6.28
0.19
5.03
0.00
1.12
18.87

disambiguating

V
C
N
V*C
V*N
C*N
V*C*N
V
C
N
V*C
V*N
C*N
V*C*N
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C
N
V*C
V*N
C*N
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Segment of
analysis
0.042
0.033
0.087
0.047
0.138
0.125
0.079
0.050
0.099
0.106
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0.116
0.071
0.122
0.055
0.059
0.108
0.034
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0.118
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0.770
0.440
0.519
0.853
0.024
0.756
0.499
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0.101
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0.017
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By Participants
MSE
p

**

*

*

**

**

†
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0.15
0.25
0.47
0.00
2.78
0.27
0.72
2.45
2.92
1.13
0.08
4.23
0.04
33.82
0.16
7.21
0.06
2.32
0.00
0.20
18.76

F2
(1,28)
0.018
0.018
0.025
0.018
0.025
0.025
0.025
0.016
0.016
0.029
0.016
0.029
0.029
0.029
0.015
0.015
0.026
0.015
0.026
0.026
0.026

0.706
0.619
0.497
0.984
0.107
0.610
0.404
0.129
0.099
0.296
0.777
0.049
0.848
0.000
0.688
0.012
0.815
0.139
0.949
0.655
0.000

By Items
MSE
p

**

*

**

*

†

54.9
54.9
59.9
33.8
57.2
47.1
56.1
59.7
42.4
54.4
47.1
57.7
50.9
60.7
43.5
59.6
50.3
56.3
42.5
44.4
60.6

df2
0.05
0.18
0.22
0.00
1.86
0.07
0.28
1.50
0.62
0.81
0.07
2.79
0.01
17.03
0.14
3.36
0.04
1.59
0.00
0.17
9.41

0.824
0.673
0.641
1.000
0.178
0.792
0.599
0.225
0.435
0.372
0.792
0.100
0.921
0.000 **
0.710
0.072 †
0.842
0.213
1.000
0.682
0.003 **

MinF’
MinF’
p
(1,df2)

Table E-2 Results of the statistical analyses of Novel Look data for segments of analysis that start after the onset of the disambiguating word
(Experiment 3). The table gives an overview of F1, F2, and MinF’ analyses (V = Verbbias, C = Congruency, and N = NP-area).
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Discussion. For almost all segments, the results of the Novel Look analyses
are the same as the results of the Looks analyses: The NP2-area received more
attention than the NP1-area during the NP2 segment; the NP1-area received
more attention than the NP2-area during the first pause segment; there were no
relevant effects in the second pause segment, the second connective and pronoun
segment, and the segment before disambiguation; and, finally, participants started
to look more at the referent than at the nonreferent as early as the segment after
disambiguation, and this happened in an earlier segment in the congruent than in
the incongruent condition in the NP2-verb condition. However, the Novel Look
and Looks analyses differed in the first connective and pronoun segment and
the subsequent neutral clause segment. In these segments, the Looks analysis
showed that participants looked more at the NP1-area than at the NP2-area for
NP1-verbs and equally often to both areas for NP2-verbs, resulting in an interaction between Verbbias and NP-area. In the Novel Look analysis, on the other
hand, this interaction between Verbbias and NP-area was only marginally significant in the first connective and pronoun segment and was not significant in
the neutral clause segment.
How should this difference between the Novel Look and Looks analyses be
explained? That the two measures might produce different results was suggested
by Altmann and Kamide (2004). They compared both types of measures and
proposed that there is at least one situation in which the two measures might
diverge. When the probability of launching a saccade to an area remains constant,
the proportion of fixations in that area may rise if participants keep looking at that
area. In this situation, if more and more participants end up looking at the area,
the number of novel looks that are directed to that area will decrease. Therefore,
the Looks to the area will remain high, and the Novel Look at the area will drop.
Altmann and Kamide were able to illustrate this situation with data from
Altmann (2004). In these data, in the interval 1300-1500 ms after sentence onset,
the percentage of fixations in the area that contained the depiction of the subject
(the subject area) averaged around 34%, compared to around 37% at its peak in
the interval 900-1100 ms after sentence onset. However, in the interval 1300-1500
ms after sentence onset, the percentage of trials in which participants directed at
least one eye movement to the subject area had dropped to about 2%, from about
11% at its peak in the interval 700-900 ms after sentence onset. Because participants continued to look at the subject area, the percentage of fixations to this area
remained high, and the percentage of novel looks to this area dropped.
The first connective and pronoun segment is an example of how the situation
sketched by Altmann and Kamide (2004) may result in differences between the
Novel Look analysis and the Looks analysis. It shows what can happen if participants are already looking at the area to which they are expected to “move”
their eyes. Immediately before the first connective and pronoun segment, in the
first pause segment, participants predominantly looked at the NP1-area, which
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showed the effect of first mention. In the NP1-verb condition, the NP1-area
contained the protagonist at which the bias was directed, so participants continued
to look there, but the number of trials in which participants made a novel look
at the NP1-area dropped from the first pause segment to the first connective and
pronoun segment. Therefore, the NP1-area advantage in the NP1-verb condition
was smaller for the Novel Look than for the Looks measure in the first connective
and pronoun segment, whereas, in the NP2-verb condition, the Novel Looks at
the NP1-area and the NP2-area did not differ, nor did the Looks at the NP1-area
and the NP2-area. Participants were already looking at the area to which their
attention should have “moved” in the NP1-verb condition, and as a result the
evidence for the focusing account did not show up in the Novel Look analysis of
this segment.
The difference between the results of the Novel Look and the Looks analyses
in the neutral clause segment cannot be due to a situation as sketched by Altmann
and Kamide (2004), because the Novel Looks both to the NP1-area and to the
NP2-area were on the rise in this segment. Instead, the difference between the
results is most likely related to the relatively great length of the neutral clause
segment of analysis. Calculating the Novel Look measure for large segments of
analysis is not sensible, because this measure was designed to be particularly
sensitive to shifts in attention (see Altmann & Kamide, 2004). To be able to
relate a shift in attention to linguistic input, the time interval within which a shift
in attention is likely to occur should be small, and the segment of analysis for
which the Novel Look measure is calculated, therefore, should be small too. The
longer the segment of analysis, the more likely it is that novel looks will be made
to all areas of interest in the visual field, for example, to the two protagonist
areas in Experiments 3 and 4. In that case, the measure no longer discriminates
between shifts in attention to these areas.
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Figure E-3 Proportions of trials in Experiment 3 in which participants made at least one
novel look at the NP1-area and none to the NP2-area (NP1 area only); in which they
made at least one novel look at NP2-area and none to the NP1-area (NP2 area only); or
in which they made novel looks to both areas (NP1 and NP2 area). The proportions are
shown for NP1-verbs (Panel A) and NP2-verbs (Panel B) for the segments of analysis
before the onset of the disambiguating word (as in Figure E-1) in Experiment 3.
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To gain a better understanding of the looks at the two protagonists in the successive segments of analysis, Figure E-3 is presented. This figure shows that there
is a peak in the proportion of trials in which participants looked at the NP1-area
as well as at the NP2-area in the neutral clause (see the lower dotted line in
panel A and panel B of Figure E-3). There is also a peak in this proportion in
the segment before disambiguation with NP2-verbs (see the lower dotted line in
panel B of Figure E-3). In NP2-verb sentences, the segment before disambiguation was long compared to the other segments of analysis, as was the neutral
clause. In the neutral clause, participants may have made a novel look at the
protagonist at which the implicit bias was directed, but also to the protagonist
at which the implicit bias was not directed. An example is shown in Figure E-4,
which represents the fixations of one of the participants during the processing of
an experimental sentence.

Figure E-4 The fixations of one of the participants in Experiment 3 to the different areas
(background, NP1-area, NP2-area, and distractor area) plotted over the time course of
the sentence ‘The crocodile distrustedNP2-because verb the elephant on the airport, [because
he]conn+pro1[was a security guard,]neutral clause and because he had intercepted a suspicious
package during the inspection.’. The first connective and pronoun segment is in dark grey
and the neutral clause is in light grey. Adapted from a screenshot of Fixation (Cozijn,
2006).

In the light grey area of Figure E-4, which marks the neutral clause, the participant first made a novel look at the NP2-area, which contained the depiction
of the protagonist at which the bias was directed, and subsequently, this participant made a novel look at the NP1-area, which contained the depiction of
the protagonist at which the bias was not directed. If participants make novel
looks to both protagonists, as examplified in Figure E-4, the Novel Look measure
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fails to pick up effects of the bias. In contrast, the Looks measure can pick up a
difference, because the Looks measure captures where participants are looking
predominantly over the whole segment. For example, Figure E-4 shows that the
participant looked longer at the NP2-area, which contained the depiction of the
protagonist at which the bias was directed, than at the NP1-area, which contained
the depiction of the protagonist at which the bias was not directed.
Conclusions. The Novel Look measure and the Looks measure capture the eyemovement behavior in different ways and, therefore, the outcome of the Novel
Look analyses may differ from that of the Looks analyses. There are at least two
situations in which the Novel Look measure diverges from the Looks measure.
The first situation arises if participants are already looking at the area to which
they are expected to shift their attention. The participants may continue to look
at the area without refixating it and, consequently, the number of novel looks to
the area will drop. The second situation arises when the length of the segments
of analysis is too long, which relates to the fact that the Novel Look measure is
aimed specifically at registering shifts in attention. If the segment of analysis
is too long, participants may look at all areas of interest, and the Novel Look
measure no longer discriminates between shifts in attention to these areas. If it is
predicted that a specific element in the linguistic input will immediately influence
language processing, and if it is expected that this shows as a shift in attention
to a visual object that participants have not already fixated, then the Novel Looks
measure is particularly suitable, as it is more sensitive than the Looks measure
to shifts in attention. The difference in the results between the Novel Look and
the Looks analyses can be explained by the two situations sketched here, so the
conclusion from the Looks analysis that implicit causality immediately brings a
protagonist into focus remains unchanged.
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Dit proefschrift richt zich op de invloed van twee bronnen van informatie op
de verwerking van ambigue pronomina: impliciete causaliteitsinformatie en impliciete consequentialiteitsinformatie. Zinnen (1) en (2) zijn voorbeelden van
impliciete causaliteitszinnen, en zinnen (3) en (4) van impliciete consequentialiteitszinnen. Deze zinnen bevatten het pronomen ‘hij’, dat ambigu is, omdat het
aanvankelijk naar zowel ‘de hond’ als ‘de aap’ kan verwijzen. In de impliciete
causaliteitszinnen signaleert het voegwoord ‘omdat’ de oorzakelijke relatie tussen de hoofd- en bijzin (gevolg-oorzaak) en in de impliciete consequentialiteitszinnen signaleert het voegwoord ‘dus’ de oorzakelijke relatie (oorzaakgevolg).
(1) De hond verveelde de aap in de auto, omdat hij het verhaal al zeker tien keer
had verteld tijdens de rit.
(2) De hond verveelde de aap in de auto, omdat hij het verhaal al zeker tien keer
had gehoord tijdens de rit.
(3) De hond verveelde de aap in de auto, dus hij is uiteindelijk opgehouden met
luisteren tijdens de rit.
(4) De hond verveelde de aap in de auto, dus hij is uiteindelijk opgehouden met
vertellen tijdens de rit.
Impliciete causaliteit en impliciete consequentialiteit zijn voorkeuren in de interpretatie van interpersoonlijke gebeurtenissen die worden uitgedrukt door
bepaalde interpersoonlijke werkwoorden, zoals het werkwoord ‘vervelen’. In
het geval van impliciete causaliteit wordt in zinnen als (1) en (2) een specifieke
protagonist gezien als de veroorzaker van de gebeurtenis en in het geval van impliciete consequentialiteit wordt in zinnen als (3) en (4) een specifieke protagonist gezien als de protagonist die primair het gevolg ondervindt. Het werkwoord
‘vervelen’ is gekoppeld aan een impliciete causaliteitsvoorkeur die uitgaat naar
de protagonist die als eerste genoemd wordt (de eerste Noun Phrase, of NP1), en
een impliciete consequentialiteitsvoorkeur die uitgaat naar de protagonist die als
tweede genoemd wordt (de tweede Noun Phrase, of NP2). Volgens de impliciete
causaliteitsvoorkeur die gekoppeld is aan het werkwoord ‘vervelen’ is in zinnen
(1) en (2) ‘de hond’ (de NP1) de geprefereerde referent van het pronomen ‘hij’.
Zin (1) is in overeenstemming met deze voorkeur, omdat ‘hij’ moet worden geïnterpreteerd als ‘de hond’ op basis van ‘het verhaal al zeker tien keer had verteld’.
Zin (2) gaat echter tegen de voorkeur van het werkwoord in, omdat ‘hij’ moet
worden geïnterpreteerd als ‘de aap’ op basis van ‘het verhaal al zeker tien keer
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had gehoord’. Volgens de impliciete consequentialiteitsvoorkeur die gekoppeld
is aan het werkwoord ‘vervelen’ is de geprefereerde referent van het pronomen
‘hij’ in zinnen (3) en (4) ‘de aap’ (de NP2). Zin (3) is in overeenstemming met
deze voorkeur, omdat ‘hij’ moet worden geïnterpreteerd als ‘de aap’ op basis
van ‘is uiteindelijk opgehouden met luisteren’, terwijl zin (4) tegen de voorkeur
in gaat, omdat ‘hij’ moet worden geïnterpreteerd als ‘de hond’ op basis van ‘is
uiteindelijk opgehouden met vertellen’. Niet alle interpersoonlijke werkwoorden
hebben, net als ‘vervelen’, zowel een duidelijke impliciete causaliteitsvoorkeur
als een duidelijke impliciete consequentialiteitsvoorkeur. Er zijn ook werkwoorden die alleen een impliciete causaliteitsvoorkeur vertonen of alleen een impliciete consequentialiteitsvoorkeur, en er zijn interpersoonlijke werkwoorden die
geen van beide voorkeuren vertonen.
Het onderwerp van dit proefschrift is het tijdsverloop van het gebruik van
impliciete causaliteitsinformatie en impliciete consequentialiteitsinformatie tijdens online verwerking van taal. Het gebruik van impliciete causaliteitsinformatie tijdens online verwerking van taal is uitgebreid bestudeerd, terwijl het
gebruik van impliciete consequentialiteitsinformatie slechts minimaal aandacht
heeft gekregen (zie Garnham, 2001 voor een overzicht). Er zijn in de literatuur
grofweg twee verschillende hypothesen opgesteld over het tijdsverloop van het
gebruik van impliciete causaliteitsinformatie: de focusing hypothese en de integration hypothese. De focusing hypothese stelt dat impliciete causaliteitsinformatie onmiddellijk wordt gebruikt, dat wil zeggen, voordat disambiguerende
informatie beschikbaar is. De integration hypothese stelt daarentegen dat impliciete causaliteitsinformatie pas wordt gebruikt als disambiguerende informatie
beschikbaar is. Deze hypothesen over het tijdsverloop van het gebruik van impliciete causaliteitsinformatie zijn tevens betrokken op het tijdsverloop van het
gebruik van impliciete consequentialiteitsinformatie.
Eerdere studies hebben geen uitsluitsel kunnen geven over de focusing hypothese versus de integration hypothese. In hoofdstuk 1 wordt uitgelegd dat dit
deels kwam door de methoden die in eerdere studies gebruikt zijn, en deels door
het materiaal dat gebruikt is. De studies gebruikten ofwel de self-paced reading
methode, die zich niet leent voor het onderzoeken van de verwerking van ambigue pronomina, ofwel ze gebruikten de peilwoordmethode, die tegenstrijdige
resultaten heeft opgeleverd, de verwerking van zinnen onderbreekt, en die, zoals
Gordon, Hendrick en Forster (2000) hebben laten zien, een respons-strategie opwekt. Daarnaast hebben verschillende studies materiaal gebruikt met pronomina
die zelf reeds uitsluitsel geven over de veroorzaker (zoals in zin (5)), waardoor
die studies geen onderscheid konden maken tussen de focusing hypothese en de
integration hypothese.
(5) David verveelde Linda in de auto, omdat hij het verhaal al zeker tien keer
verteld had.
182

Samenvatting
Onderzoek in dit proefschrift onderving deze problemen van methoden en
materiaal door gebruik te maken van de visual world methode in combinatie
met materiaal dat ambigue pronomina bevatte, zoals in zinnen (1)-(4). Visual
world studies hebben aangetoond dat de oogbewegingen van participanten in
de tijd nauw afgestemd zijn op de verwerking van gesproken taal. De visual
world methode maakt gebruik van het feit dat participanten spontaan hun ogen
bewegen naar entiteiten in het visuele veld als er naar deze entiteiten wordt verwezen in gesproken taal die tegelijkertijd wordt aangeboden. De visual world
methode heeft een hoge temporele resolutie, is gevoelig voor semantische verwerking van taal, onderbreekt de verwerking van taal niet, en stelt onderzoekers
in staat om de verwerking van ambigue pronomina te bestuderen (Henderson
& Ferreira, 2004). Het gebruik van materiaal met ambigue prononima was van
essentieel belang. In het geval van zinnen met een niet ambigu pronomen voorspellen beide hypothesen een effect van de impliciete voorkeur na aanbieding
van het pronomen, omdat de veroorzaker dan kan worden vastgesteld op basis
van informatie in het pronomen. Echter, in zinnen met een ambigu pronomen
maken de focusing hypothese en de integration hypothese verschillende voorspellingen over de invloed van de impliciete voorkeur op de verwerking van het
ambigue pronomen. De focusing hypothese voorspelt dat de impliciete voorkeur
een protagonist in focus brengt, die vervolgens de geprefereerde referent is voor
het ambigue pronomen, ten tijde van de aanbieding het pronomen, terwijl de
integration hypothese op dit punt nog geen effect van de impliciete voorkeur
voorspelt.
Naast impliciete causaliteit en impliciete consequentialiteit zijn er ook andere
bronnen van informatie die een rol spelen bij het oplossen van ambigue pronomina. In hoofdstuk 1 worden drie verschillende (zin-)structuurgerelateerde bronnen
van informatie genoemd die een rol spelen in het proces van het oplossen van de
referent van het pronomen: de subjectvoorkeur, de first-mentionvoorkeur, en de
parallelle functie-voorkeur. De subjectvoorkeur en de parallele functie-voorkeur
hebben betrekking op de syntactische structuur van de zin, en de first-mentionvoorkeur op de sequentiële structuur van de zin. Volgens de subjectvoorkeur is
het subject van een zin de geprefereerde referent voor een daaropvolgend pronomen, volgens de first-mentionvoorkeur is de eerstgenoemde protagonist in een
zin de geprefereerde referent voor een daaropvolgend pronomen, en volgens de
parallelle functie-voorkeur is de referent van een pronomen bij voorkeur een
antecedent met dezelfde grammaticale rol als het pronomen. In de experimenten
in dit proefschrift zijn deze structuurgerelateerde bronnen niet gevarieerd, en
was, volgens deze bronnen van informatie, de geprefereerde referent altijd de
eerstgenoemde protagonist. De effecten van één of meer van de structuurgerelateerde factoren zijn in dit proefschrift, om redenen van beknoptheid, aangeduid
als effecten van first-mention.
Omwille van de vergelijkbaarheid van het onderzoek naar de invloed van
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impliciete causaliteit en impliciete consequentialiteit op de online verwerking
van taal, was het wenselijk werkwoorden te verkrijgen die zowel een impliciete
causaliteitsvoorkeur als een impliciete consequentialiteitsvoorkeur vertonen.
Deze werkwoorden zijn verkregen door middel van twee zinnenaanvulexperimenten (Experiment 1 en Experiment 2) die beschreven zijn in hoofdstuk 2.
In de zinnenaanvulexperimenten werd aan participanten gevraagd om zinsfragmenten af te maken die bestonden uit een hoofdzin die een interpersoonlijke
gebeurtenis uitdrukte middels een interpersoonlijk werkwoord, gevolgd door
een causaal voegwoord en een derde persoon pronomen in subject positie. Een
voorbeeld van een dergelijk zinsfragment is ‘Jan verveelde Piet, omdat hij’. De
protagonisten in deze zinsfragmenten waren altijd van hetzelfde geslacht, zodat
het pronomen ambigu was. Het voegwoord ‘omdat’ werd gebruikt om oorzaak
voortzettingen uit te lokken en het voegwoord ‘dus’ om gevolg voortzetting uit
te lokken. In de zinnenaanvul experimenten lokte het voegwoord ‘omdat’ vrijwel uitsluitend oorzaak voortzettingen uit en het voegwoord ‘dus’ lokte in meer
dan tweederde van alle voortzettingen een gevolg voortzetting uit. Deze data
laten zien dat de voegwoorden ‘omdat’ en ‘dus’ geschikt zijn voor het bestuderen van respectievelijk impliciete causaliteit en impliciete consequentialiteit
in online verwerking van zinnen. De data laten echter ook zien dat ‘dus’ minder
op een gevolg aanstuurt dan ‘omdat’ op een oorzaak aanstuurt. Dit suggereert
dat ‘omdat’ krachtiger is voor het oproepen van online effecten van impliciet
causaliteit dan ‘dus’ voor het oproepen van online effecten van impliciete consequentialiteit.
De Nederlandse voegwoorden ‘omdat’ en ‘dus’ zijn in dit proefschrift in het
Engels vertaald als, respectievelijk, because en so. Werkwoorden met een NP1
impliciete causaliteitsvoorkeur werden NP1-because werkwoorden genoemd en
werkwoorden met een NP2 impliciete causaliteitsvoorkeur werden NP2-because
werkwoorden genoemd. Werkwoorden met een NP1 impliciete consequentialiteitsvoorkeur werden NP1-so werkwoorden genoemd en werkwoorden met een
NP2 impliciete consequentialiteitsvoorkeur werden NP2-so werkwoorden genoemd.
Alle mogelijke combinaties van impliciete causaliteit en impliciete consequentialiteit werden aangetroffen in de zinnenaanvulexperimenten: Er waren
NP1-because/NP1-so werkwoorden, NP1-because/NP2-so werkwoorden, NP2because/NP2-so werkwoorden, NP2-because/NP1-so werkwoorden, evenals
werkwoorden die slechts één van deze impliciete voorkeuren vertoonden, en
werkwoorden die geen enkele impliciete voorkeur lieten zien.
De zinnenaanvulexperimenten leverden een verzameling interpersoonlijke
werkwoorden op die zowel een impliciete causaliteitsvoorkeur als impliciete
consequentialiteitsvoorkeur vertonen. Tevens ontkrachtten de experimenten de
voorspelling van Crinean en Garnham (2006) dat Agens-Patiens werkwoorden
met een NP1-because/NP1-so voorkeur niet zouden bestaan, aangezien Experi184
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ment 2 drie van deze werkwoorden opleverde: ‘mislopen’, ‘verslaan’, en ‘winnen van’.
De invloed van de impliciete voorkeur op de online verwerking van taal
is onderzocht in twee visual world experimenten. In Experiment 3, dat is beschreven in hoofdstuk 3, werd het tijdsverloop van het gebruik van impliciete
causaliteitsinformatie onderzocht. In Experiment 4, dat is beschreven in hoofdstuk 4, werd zowel het tijdsverloop van het gebruik van zowel impliciete causaliteitsinformatie als van impliciete consequentialiteitsinformatie onderzocht.
Het zinsmateriaal was van het type van de zinnen (1) - (4). Om de invloed van
de impliciete voorkeur vroeg in de zin te kunnen onderzoeken bevatte de zinnen,
zoals boven uitgelegd, een ambigu pronomen. Het pronomen bleef gedurende
meerdere woorden ambigu, totdat, later in de zin, informatie werd aangeboden
die het pronomen disambigueerde. De disambiguerende informatie aan het eind
van de zinnen was in overeenstemming met de voorkeur in de helft van de zinnen
(de congruente zinnen) en ging in tegen de voorkeur in de andere helft van de
zinnen (de incongruente zinnen).
In de visual world experimenten kregen participanten de zinnen via een koptelefoon aangeboden, terwijl ze tegelijkertijd een visuele stimulus bekeken die de
protagonisten links- en rechtsonder afbeeldde en een afleiderobject gecentreerd
bovenin. De afbeeldingen waren zwart-wit lijntekeningen van de entiteiten. Het
afleiderobject werd genoemd aan het einde van hoofdzin, en moest ervoor zorgen dat participanten niet naar een specifieke protagonist keken voorafgaand aan
de auditieve aanbieding van het ambigue pronomen. Bijvoorbeeld, in de zinnen
(1)-(4) was de distractorwoordgroep ‘in de auto’, en was het afleiderobject een
semi-realistische afbeelding van een auto. Voor analysedoeleinden werden de
zinnen verdeeld in auditieve segmenten die correspondeerden met opeenvolgende segmenten in de linguïstische input. Hieronder worden eerst de bevindingen in segmenten voor de disambiguatie samengevat, onder het kopje vroege
effecten, en daarna bevindingen in segmenten vanaf de disambiguatie, onder het
kopje late effecten.
Vroege effecten (voor de disambiguatie). Tijdens de auditieve aanbieding
van de NP2 keken participanten meer naar het gebied waar de NP2 was afgebeeld
(de NP2-area) dan naar het gebied waar de NP1 was afgebeeld (de NP1-area).
Dit effect trad op in Experiment 3 en Experiment 4, en laat zien dat de visual
world methode succesvol is toegepast. In Experiment 3 werd een effect van firstmention gevonden in de pause tussen de auditieve presentatie van de eerste en
tweede deelzin: er werd meer gekeken naar de NP1-area dan naar de NP2-area
gedurende dit segment. Experiment 3 liet zien dat impliciete causaliteit vroeg in
de zin de verwerking beïnvloedde, voordat disambiguerende informatie beschikbaar was. Tijdens de auditieve aanbieding van het eerste voegwoord en pronomen
in NP1-because zinnen keken participanten meer naar de NP1-area dan naar de
NP2-area, in overeenstemming met de impliciete causaliteit voorkeur en first
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mention. Tijdens de aanbieding van hetzelfde segment in NP2-because zinnen
keken participanten evenveel naar de NP2-area als naar de NP1-area, wat suggereert dat impliciete causaliteit en first mention elkaar ophieven. In Experiment
4 werd een vergelijkbaar patroon geobserveerd in het segment voorafgaand aan
de disambiguatie. Experiment 4 onderzocht tevens impliciete consequentialiteit,
maar er werd geen vroeg effect gevonden van deze bron van informatie. Integendeel, in zowel de NP1-so als de NP2-so conditie keken participanten meer naar
de afbeelding van de NP1-protagonist dan naar de afbeelding van de NP2-protagonist in het voegwoord- en pronomensegment en in het segment voorafgaand
aan de disambiguatie.
Late effecten (vanaf de disambiguatie). Tegen het einde van de zin, wanneer informatie aangeboden werd waarmee het pronomen was te disambigueren,
speelde de impliciete causaliteitsvoorkeur opnieuw een rol. De resultaten van
Experiment 3 en Experiment 4 lieten zien dat participanten meer naar de referent dan naar non-referent keken voor het einde van de zin. Dit referentvoordeel
laat zien dat participanten het pronomen aan de hand van wereldkennis hadden
opgelost. Het referentvoordeel vond in een eerder segment plaats in de congruente dan in de incongruente impliciete causaliteitsconditie (Experiment 3), of
was groter in de congruente dan in de incongruente impliciete causaliteitsconditie (Experiment 4). Een dergelijk congruentie-effect werd niet gevonden in de
impliciete consequentialiteitsconditie in Experiment 4. In die conditie was er,
net zoals vroeg in de zin, een effect van first mention: het pronomen werd eerder
opgelost wanneer de referent de eerstgenoemde protagonist was dan wanneer de
referent de als tweede genoemde protagonist was. Congruentie had ook invloed
op de foutenratio’s voor de online taak van het oplossen van het pronomen. In
Experiment 3 maakten participanten meer fouten bij incongruente zinnen dan bij
congruente zinnen (29% versus 19%). In Experiment 4 maakten participanten
meer fouten bij incongruente dan bij congruente zinnen in de NP2-because conditie (7.6% versus 1.7% voor alle experimentele zinnen), en in de NP1-so conditie (15.6% versus 8.3% voor alle experimentele zinnen).
De bevindingen in dit proefschrift dragen bij aan de kennis over het tijdsverloop van het gebruik van causale informatie: ze ondersteunen de focusing hypothese voor het on-line gebruik van impliciete causaliteitsinformatie en suggereren dat in impliciete consequentialiteitszinnen first-mention de overhand heeft
op impliciete consequentialiteit. Uit de bevindingen blijkt dat zowel impliciete
causaliteitsinformatie als disambiguerende informatie onmiddellijk gebruikt
worden. De focus van participanten gaat direct naar een specifieke protagonist
en de integratie van deelzinnen begint zodra disambiguerende informatie binnen
komt.
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