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Abstract. Beginning with the observation that syntactic and semantic
information often coincide (i.e., subjects are often agents, objects often
patients), this study investigates the possibility that preference to resolve
a sentence-initial pronoun to a syntactically prominent antecedent might
actually be better explained in terms of preference for resolving to a se-
mantically prominent antecedent. The study takes Discourse Prominence
Theory (Gordon and Hendrick [11,12]) as an underlying framework. Re-
sults of three psycholinguistic experiments using a self-paced reading
task show that both syntactic and semantic information guide readers’
pronoun resolution preferences. This suggests a revised understanding
of Discourse Prominence Theory in which the prominence of discourse
referents is determined through a complex process depending on mul-
tiple linguistic factors. Results further show that the relative degree of
prominence among competing candidates influences resolution processes.
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1 Introduction

Most pronoun resolution algorithms incorporate some method (explicitly or
implicitly) for ranking candidate antecedents with higher-ranking candidates
judged more likely to be the intended antecedent. One factor which practically
all of these ranking schemas share is some measure of the syntactic prominence
of candidate antecedents. In Lappin and Leass’ Resolution of Anaphora Proce-
dure [28], for instance, candidates are assigned a certain index value based on
their grammatical role (subject, object, etc.). Hobbs’ algorithm [19], on the other
hand, employs a hierarchical search of the syntactic representation, effectively
ranking candidates according to the syntactic structure. A simpler procedure is
proposed by Gernsbacher and Hargreaves [7] using linear order-of-mention.
However, in English, syntactic and semantic information are often conflated:
Syntactic subjects are often semantic agents while syntactic objects are often se-
mantic patients. Thus, it is conceivable that the contribution of syntactic promi-
nence to the ranking of candidates is better explained as the contribution of
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semantic prominence. The present study examines this possibility in a series of
psycholinguistic experiments designed to disambiguate the effects of syntactic
and semantic prominence in pronoun resolution preferences.

This paper is laid out as follows. In Section 2, I give an overview of some
theoretical issues underlying the present research. Based on many existing mod-
els, I describe a general ranking schema for candidate antecedents in pronoun
resolution. In Sections 3 and 4, the experiments are described. This is followed
in Section 5 with some general discussion of the findings and their implications.

2 Background

2.1 Discourse Prominence Theory

In this paper, I assume as an underlying framework Discourse Prominence The-
ory (hereafter, DPT) introduced in Gordon and Hendrick [11,12]. While cast
in terms of Discourse Representation Theory (DRT) [22,23], it is intended to
be a general model of discourse processing which captures observations about
how readers interpret reference and coreference in a discourse as well as the
time-course of processing reference and coreference. Entities introduced in the
discourse are referred to as discourse referents within the discourse representa-
tion, following Heim [16, 17] and Karttunen [24]. The cumulative representation
of the discourse thus far—that is, the context—is then seen to contain two things:
a list of discourse referents and a list of semantic conditions on those referents.
In this paper, I will be centrally concerned with the list of referents and how it
is utilized during discourse processing.

In DPT, each new utterance is processed and incorporated into the represen-
tation with respect to the current context [25, 27, inter alia]. As various linguistic
objects or configurations are detected by the parser, corresponding operations
are triggered which may access the context in order to be completed. Here I'll
discuss three crucial operations in DPT. In DRT, these operations are called
constructions rules (hereafter, CR) because they are operations that contribute
to the construction of the discourse representation. First, when a proper name
is encountered, a construction rule is triggered which introduces a new discourse
referent into the representation (hereafter, CR.PN). Second, when a pronoun is
encountered, a construction rule is triggered to search for a suitable referent in
the context and then establish coreference with it (CR.PRO). Third, when it
can be concluded from the semantic conditions that two independent discourse
referents in the representation refer to the same real-world entity (i.e., corefer),
then an operation is triggered to establish this equivalence in the representation
(CR.EQ).

For instance, consider the sentences in (1)-(2). Experimental evidence [11]
shows that readers find it considerably easier to establish coreference between
the name and pronoun in (1) than between the two names in (2) and process the

! See [12] for a formal definition of their three constructions rules: CR.PN, CR.PRO,
and CR.EQ.
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former sentence faster than the latter. In DPT, this is readily explained. The first
occurrence of the name in both sentences triggers CR.PN which introduces a new
discourse referent, say z, into the representation. Then the pronoun in (1) triggers
CR.PRO which easily finds a suitable referent, z, and establishes coreference
with it. However, the repeated name in (2) triggers CR.PN and introduction
another new discourse referent, say y. Subsequently, the semantic information
showing that z and y refer to the same real-world entity (i.e., Jane(z), Jane(y))
trigger CR.EQ which then establishes equivalence between z and y. Thus, the
additional operation accounts for the increased difficulty readers have with such
a configuration.

(1) Jane; thinks she; is sick.
(2) Jane; thinks Jane; is sick.

In Gordon and Hendrick’s description of DPT, they also imply the necessity of
a further construction rule to handle cases where a pronoun has been incorrectly
assigned. For instance, consider (3).

(3) a. John sent a package to Bill.
b. He received it two days later.

In DPT, the pronoun he in (3b) is initially interpreted as coreferent with
the discourse referent introduce by John in the preceding sentence (because it is
syntactically most prominent—discussed in further detail below). However, the
more natural interpretation due to plausibility constraints is that the pronoun
refers to Bill. Therefore, some sort of reanalysis operation must take place in
order to ‘repair’ the discourse representation. I assume this operation is triggered
by the recognition of some sort of inconsistency in the semantic conditions though
I will leave an explicit description of this to future work. In this paper, I will
refer to this construction rule as CR.RA.

In the present study, I am particularly interested in exploring how CR.PRO
proceeds. Gordon and Hendrick do not discuss in great detail how the discourse
processor determines what is a suitable referent, though they do seem to assume
that referents introduced in syntactically more prominent positions are more
suitable than those introduced in less prominent positions. In the following sec-
tion I will discuss a general model of how the processor determines which referent
is a suitable referent.

2.2 Pronoun Resolution

Most models of pronoun resolution incorporate two primary operations toward
determining a suitable referent for a pronoun: a filtering operation and a rank-
ing operation which take place over the referents in the context. The filtering
operation removes from consideration referents which are morphosyntactically
incompatible with the pronoun under consideration [2, 4, 28]. The ranking oper-
ation orders the referents with respect to some criteria. This ranking can then be
seen to reflect the degree of likelihood that each referent is the suitable referent
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for the current pronoun. In DPT, this ranking is referred to as the discourse
prominence of a referent. In other theories and formalisms, such terms as ‘fo-
cus’ [35], ‘givenness’ [15], ‘topichood’ [8], ‘salience’ [3], and ‘centering’ [14,13]
describe similar or overlapping conceptualizations.

The central question surrounding the ranking operation is the actual proce-
dure and criteria for determining this ranking. In Gordon and Hendrick’s de-
scription of DPT, the discourse prominence of referents is determined entirely
by syntactic information. While this might be a convenient simplification, it
is surprising they do not propose a more flexible approach which depends on
numerous types of information because there is much evidence that many fac-
tors (e.g., recency, parallelism, coherence relations) influence pronoun resolution
preferences. Mitkov [30] provides a useful overview of these factors while Lappin
and Leass [28] evaluate the relative influence of a variety of these factors in their
Resolution of Anaphora Procedure. Gordon and Hendrick [12] do discuss Lappin
and Leass’ work, yet still seem to reject other factors, excluding them from their
idea of discourse prominence.

As an adaptation of DPT, therefore, I will view the procedure for determining
the discourse prominence of referents as dependent on a number of different lin-
guistic factors in some sort of combinatorial fashion and refer to this procedure
as the multiple prominence factor method or MPFM, for short. Exactly how the
various factors in the MPFM combine I will leave to future work, but one pos-
sibility might include a simple arithmetic summation across indices determined
from each prominence factor. This is the approach taken in Lappin and Leass’
procedure. Another possibility might be to determine discourse prominence in a
constraint-based approach with constraints derived from the various factors.

While I acknowledge that a variety of factors may play a significant role in
this procedure, in this study, I look at only two factors: syntactic prominence
and semantic prominence. In the next two sections I discuss these two factors in
greater detail.

Syntactic Prominence. Many researchers have observed preferences for an
unbound pronoun to be interpreted as coreferent with a referent previously in-
troduced in subject position [20,29] or in an utterance-initial position [7]. For
example, the preferred interpretation of the (unaccented) pronoun in (4b) is to
the referent introduced as the subject of the preceding utterance, Luke.

(4) a. Luke; hit Max;.
b. He;/4; ran home.

The typical account of these observations is to assume that the syntactic
structure of an utterance imposes a prominence hierarchy on the referents in-
troduced in that utterance. The exact way in which the syntactic information
determines prominence varies from theory to theory—for example, grammatical
role (e.g., subject, object, etc.) in the centering framework of Grosz and Sid-
ner [13,14], relative height in the syntactic tree in Hobbs’ algorithm [18], or
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linear order-of-mention [7]—but crucially it is the structural configuration of an
utterance which determines the relative prominence of referents.

Semantic Prominence. One problem with the syntactic prominence account
is that in English, at least, syntactic information and semantic information are
often conflated. That is, for example, referents introduced as sentential subjects
are often semantic agents and bear more proto-agent entailments (e.g., sentience,
volition) [5] while those introduced as objects are often semantic patients and
bear more proto-patient entailments (e.g., affectedness). Thus, an alternative ac-
count of the observation in (4) above is to assume that the semantic information
imposes a hierarchy on discourse referents such that those introduced as agents
are more prominent than those introduced as patients. As such, there is a pref-
erence to interpret the pronoun in (4b) as coreferent with the more semantically
prominent referent, Luke.

Some researchers have looked at the influence of semantic information in
referential processing in somewhat different ways. Prat-Sala and Branigan [31]
observed that animate entities were preferred over inanimate entities as an-
tecedents in pronoun resolution. In other work, Stevenson and colleagues [33,
34] and Arnold [1] suggest that in forward-looking discourse planning, referents
introduced in certain roles (e.g., patients in agent-patient constructions, goals in
source-goal constructions) are the default focal point for reference in an imme-
diately following utterance. They suggest, however, that in pronoun resolution
(a backward-looking process), only syntactic information is relevant—that the
default referent of an utterance-initial pronoun is the subject of the preceding
utterance.

For the present study, I will be taking a slightly different approach. I as-
sume that the semantic prominence of discourse referents is determined by their
semantic roles (e.g., agent, patient, etc.). Referents are ranked with respect to
some hierarchy of semantic roles. Exactly what these roles are and how they are
ranked I will leave unspecified. One possibility might include using role sets that
have been proposed in the syntax-semantics literature (e.g., [6,21, 32]). For the
present study, I will assume the presence of both agent and patient semantic
roles and that agent is ranked higher in the hierarchy than patient.

2.3 Summary

In this paper, I investigate semantic prominence by presenting data from a se-
ries of psycholinguistic experiments designed to evaluate and compare the effects
of both syntactic and semantic prominence on pronoun resolution. Because, as
noted above, syntactic and semantic information are often conflated, it is nec-
essary to find a linguistic environment that allows the influence of each to be
observed. I suggest that argument-reordering constructions are a good candidate
for this. Consider the contrast between the non-tough and tough constructions

in (5)-(6).

(5) John; could easily hit Matt; in the boxing match.
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(6) Matt; was easy for John, to hit (}; in the boxing match.

If syntactic information is what determines discourse prominence, then the
prediction would be that an immediately following pronoun (i.e., he) should
preferentially be interpreted as coreferent with the subject: John in (5) and Matt
in (6). However, if semantic information determines discourse prominence, then
the preference should be for the agent in both cases: John. Thus, the experiments
described in the next section make use of this contrast in a self-paced reading
task to compare the influence of syntactic and semantic information on discourse
prominence.

3 Experiment I

3.1 Design

The goal in the first experiment was to compare the influence of syntactic and
semantic information in pronoun resolution preferences during on-line discourse
processing. The experiment takes advantage of the non-tough/tough alternation
discussed above and extended in (7).

(7) a. John; could easily hit Matt; in the boxing match. CONTROL
a’. Matt; was easy for John; to hit (J; in the boxing match. SPLIT
b. He; even managed to land a knockout punch. AGENT
b’. He; became bruised and bloodied all over. PATIENT

In the non-tough case, (7a), syntactic and semantic information converge to
promote the same referent as more discourse prominent (i.e., John). I will re-
fer to this case, therefore, as the CONTROL condition. In the non-tough case,
on the other hand, syntactic and semantic information diverge and promote
different referents. I will therefore refer to this case as the SPLIT condition.
These two sentences, respectively for each condition, determine the context in
which the continuation sentence (b/b’) is processed. These continuation sen-
tences begin with a pronoun and plausible under only one interpretation of the
pronoun—coreferent with either the AGENT (John) or the PATIENT (Matt)
of the preceding utterance. In terms of DPT, when the pronoun is encountered,
it will be automatically assigned to the most prominent referent in the context
in accordance with CR.PRO. However, if at some later point the reader realizes
the assignment was incorrect, then CR.RA will be triggered costing time. There-
fore, in a self-paced reading experimental task, shorter reading times will indicate
which referent is perceived as more discourse-prominent. This approach was used
in this experiment which was a 2 x 2 design pitting CONTEXT (CONTROL,
SPLIT) against intended REFERENT of the pronoun (AGENT, PATIENT).

3.2 Method

Participants. The participants in this experiment were 32 undergraduate stu-
dents from the Northwestern University Linguistics Department subject pool
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who were native speakers of North American English. The participants received
course credit in return for their participation.

Materials. A total of 32 stimulus items were prepared using six adjectives
(tough, hard, fun, easy, difficult, a cinch) which exhibit the non-tough/tough al-
ternation and 32 agent-patient verbs (e.g., hit, catch, capture). Continuation sen-
tences were prepared so that the initial pronoun referred to either the AGENT or
PATIENT. Each pair of continuation sentences was also balanced for ASCII char-
acter length. These two-sentence test sequences were then embedded in longer
discourses to make a five-sentence vignette as shown in (8).

(8) a. John and Matt took part in an important boxing match.
b. It was twelve rounds long.
c. John; could easily hit Matt; in the final round. CONTROL
¢’. Matt; was easy for John; to hit (); in the final round. SPLIT
d. He; even managed to land a knockout punch. AGENT
d’. He; became bruised and bloodied all over. PATIENT
e. The judges had no trouble deciding the winner.

Each vignette was followed by one comprehension question. These questions
focused on different parts of the vignette in order to encourage participants to
read and process the entire discourse.

The 32 items were combined with 48 items from a different experiment. The
items were randomized into blocks and presentation of the items in the different
conditions was balanced across participants so that adjacent stimuli were not
from the same experimental condition.

Procedures. The stimuli were presented one sentence at a time on a computer
screen using Superlab by Cedrus Corporation. Participants were instructed to
read each sentence and then press a button to continue to the next sentence.
Participants were asked to read each vignette as quickly as possible, but also to
concentrate on comprehension. The time between button presses was recorded as
their reading time. In this study, only the reading times of the fourth sentences,
(8d/d’) are analyzed.

3.3 Results

The results of Experiment 1 are shown in Figure 1. There was a main effect of
CONTEXT, no effect of REFERENT, but a marginally significant interaction
between the two. In the CONTROL condition, participants read the AGENT
continuation sentence faster suggesting they preferred the pronoun in the contin-
uation sentence to be coreferent with John—the syntactically and semantically
prominent entity in the context sentence. However, in the SPLIT condition,
participants did not show any preference for either continuation sentence.
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Fig. 1. Mean reading times with 95% confidence intervals for the continuation sentences
(8d/d’) for participants (n = 32) in Experiment I. Two main factors were tested:
CONTEXT (CONTROL, SPLIT) and intended REFERENT of pronoun (AGENT,
PATIENT).
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3.4 Discussion

The experimental results show that in the CONTROL condition, participants
prefer to interpret the pronoun as coreferent with the syntactically and seman-
tically prominent entity. This is consistent with previous experimental work de-
scribed in Section 2.2 where preference is shown for a syntactically prominent
entity. The current experiment thus replicates those results. However, the results
in the SPLIT condition are quite interesting: Participants showed no preference
for either referent.

One explanation for these results is that both syntactic and semantic promi-
nence influence the ranking of candidate antecedents in an independent fashion.
When syntactic and semantic prominence coincide to promote one antecedent
(as in the CONTROL condition), then pronoun resolution processes can select
one candidate over others. However, when syntactic and semantic prominence
diverge, promoting different entities, then pronoun resolution processes do not
show any preference. This could be accounted for in the MPFM in different ways:
if the method uses a simple summation across prominence factors to calculate
the discourse prominence of referents, then in the CONTROL condition, the
syntactically and semantically prominent referent is doubly boosted and has a
clearly higher total discourse prominence index than other referents. Then, in
terms of DPT, the search for a suitable referent is concluded successfully and
the pronoun is subsequently resolved to this referent, the AGENT. With the
AGENT continuation, then, nothing more happens and the correct discourse
representation is achieved. However with the PATIENT continuation, semantic
information introduced later in the sentence results in an inconsistency which
triggers CR.RA, leading to the increased reading times as observed.

In the SPLIT condition, however, the two different referents receive comparably-
sized boosts from the different factors, respectively, such that their net discourse
prominence values are essentially equal. In terms of the DPT, this would seem to
be a case in which the search for a suitable referent might be unsuccessful because
there is more than one such referent. DPT allows that when a search is unsuc-
cessful, a new discourse referent is introduced. Later information, though, shows
that the pronoun is coreferent with an existing referent, so CR.RA is triggered to
establish equivalence between the new referent and the intended referent. In the
SPLIT condition, this sequence of operations appears to have happened for both
the AGENT and PATIENT continuations yielding comparable reading times in
both.

Thus, the experimental results can be captured in DPT, but only with a
richer conception of how suitable referents are determined—one that is based on
multiple prominence factors.

4 Experiments Ila-b

One criticism that may be made of the first experiment is that reading time
measurements are being compared across different sentences. While the length
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of the continuation sentences was controlled, the lexical items and syntactic
structure and complexity were not. This could be one source of variation. One
way to overcome this problem is to take advantage of the repeated-name penalty
experimental technique described in Gordon, et al. [10]. They observed that
readers take longer to read sentences containing reference to a currently focused
entity when the reference is by name (e.g., John as in (9b)) rather than by
pronoun (e.g., he as in (9b%)).

(9) a. John walked to the supermarket.
b. John bought two fish.
b’. He bought two fish.

In DPT, this is explained in the same way as the c-commanding case discussed
in Section 2.1. After the context sentence in (9a), John is the most discourse-
prominent referent. Thus, when the pronoun in the continuation sentence in (9b”)
triggers CR.PRO, John will be judged the most suitable referent and coreference
will be readily established. However, the proper name in (9b) will merely trigger
CR.PN and then the introduction of a new discourse referent different from
the existing referent of John in the context. Subsequent information indicating
that these two referents point to the same entity in the real world will then
trigger CR.EQ to establish equivalence between these referents. The additional
operations necessary to establish coreference are presumed to lead to increased
reading times and hence, the repeated-name penalty.

4.1 Design

In the present study, the repeated-name penalty experimental paradigm is a use-
ful way to look more closely at how participants perceive the relative discourse
prominence of referents in the context by comparing the repeated-name penal-
ties across the various experimental conditions. Thus, the difference in reading
times between the pronoun and name versions of (10b) can be compared to that
of (10b’) in both the CONTROL and SPLIT conditions. Based on the results of
Experiment I, the prediction is that in the CONTROL condition, there should
be a larger repeated-name penalty for the AGENT than for the PATTENT con-
tinuation sentence, but in the SPLIT condition, the repeated-name penalties
should be approximately the same.

(10) a. John; could easily hit Matt; in the boxing match. CONTROL
a’. Matt; was easy for John; to hit (}; in the boxing match. SPLIT
b. [John; / He;] even managed to land a knockout punch. AGENT
b’. [Matt; / He;] became bruised and bloodied all over. PATIENT

In order to test these predictions, two further experiments were thus per-
formed, one looking at the CONTROL condition and the other looking at the
SPLIT condition. Both experiments were a 2 x 2 design pitting intended REFER-
ENT (AGENT, PATIENT) against FORM of reference (PRONOUN, NAME).
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4.2 Method

Participants. 32 undergraduate students from the Northwestern University
Linguistics Department subject pool who were native speakers of North Amer-
ican English participated in each of the two experiments reported here. None
of these students had participated in Experiment I. The participants received
course credit in return for their participation.

Materials. The materials for this experiment were the same as those used
in Experiment I except that two versions of the continuation sentences (i.e.,
(8d/d’))—one beginning with a pronoun and one with a repeated name—were
used. Experiment Ila used stimuli only in the CONTROL condition while Ex-
periment IIb used stimuli only in the SPLIT condition.

Procedures. The procedures for these two experiments were exactly the same
as those reported above for Experiment I.

4.3 Results

The results of Experiment Ila are shown in Figure 2. In this experiment—the
CONTROL condition from Experiment 1—there was a marginal main effect
of REFERENT, no effect of FORM, but a significant interaction between the
factors. These results appear to be driven by an 83ms repeated-name penalty
with the AGENT continuation and a 270ms repeated-name advantage (i.e., a
negative penalty) with the PATTENT continuation as shown in Table 1. Post-
hoc t-tests, however, do not show that either of these penalties is significantly
different from a null hypothesis of Oms.

Table 1. Experiment Ila: CONTROL Condition Repeated-Name Penalties

penalty by participants by items
AGENT  83ms ¢(31) < 1.0 n.s. ¢(31) < 1.0 n.s.
PATIENT -270ms ¢(31) = 2.5 n.s. t(31) = 2.7 p = 0.07

The main effect of REFERENT suggests that on the whole, participants pre-
fer that the continuation contain reference (regardless of form: name or pronoun)
to the most discourse-prominent entity. This is consistent with many theories
of forward-looking discourse construction [33, 34, 13]. The significant interaction
between REFERENT and FORM indicates that the AGENT continuation ex-
hibited a significantly larger repeated-name penalty than the PATTENT contin-
uation. What is interesting, though, is that—although these numbers are not
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Fig. 2. Mean reading times with 95% confidence intervals for the continuation sen-
tences (8d/d’) for participants (n = 32) in Experiment ITa—the CONTROL condition
from Experiment I. Two main factors were tested: intended REFERENT (AGENT,
PATIENT) and referential FORM (PRONOUN, NAME).
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statistically strong—it seems that the AGENT continuation incurs no repeated-
name penalty, while the PATIENT continuation incurs a repeated-name advan-
tage. Some implications of this will be discussed in the discussion section below.
The results of Experiment IIb using the SPLIT condition stimuli are shown
in Figure 3. In contrast to Experiment Ila, there were no significant main effects
and no significant interaction. There was a 168ms repeated-name advantage in
the AGENT condition and a 46ms repeated-name advantage in the PATTENT
condition as shown in Table 2. However, neither of these was significant.
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FORM F(1,31) < 1.0 n.s. F(1,31) = 1.9 n.s.

REFERENT*FORM F(1,31) < 1.0 n.s. F(1,31) < 1.0 n.s.

Fig. 3. Mean reading times with 95% confidence intervals for the continuation sen-
tences (8d/d’) for participants (n = 32) in Experiment IIb—the SPLIT condition
from Experiment I. Two main factors were tested: intended REFERENT (AGENT,
PATIENT) and referential FORM (PRONOUN, NAME).

In short, the results of Experiment IIb are basically flat-lined with partici-
pants showing no apparent preferences for any continuation across the board.

4.4 Discussion

Taken alone, the results of Experiment IIb are probably unremarkable, but taken
together with the results of Experiment Ila, they reinforce the conclusion that
both syntactic and semantic prominence influence the ranking of candidates for
pronoun resolution: When syntactic and semantic prominence converge, then
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Table 2. Experiment IIb: SPLIT Condition Repeated-Name Penalties

penalty by participants by items
AGENT  -168ms t(31) < 1.0 n.s. t(31) = 1.4 n.s.
PATIENT -46ms ¢(31) < 1.0 n.s. t(31) < 1.0 n.s.

pronoun resolution prefers the promoted candidate, but when syntactic and se-
mantic diverge, then pronoun resolution shows no preference. This can be cap-
tured in the DPT as a part of the process of determining a suitable referent for
a pronoun: This process takes advantage of a ranking method which depends on
a number of different factors such as the MPFM described above.

A secondary implication of the results of Experiments Ila-b is that the
repeated-name penalty must been seen in a new light. Ultimately, this comes
down to how the search for a suitable referent proceeds. In the original experi-
ments which established the repeated-name penalty concept [9,10], most of the
stimuli had contexts in which there was little or no chance of ambiguity because
of parallelism effects, topicalization, or gender-disambiguation. If there is only
one compatible referent, then the search for a suitable referent will be relatively
straightforward and resolution should be quick. Similarly, if we assume that top-
icalizing a referent makes it very highly discourse prominent, then the search
for a suitable referent may still be very easy because any competing candidates
will be so low in the prominence hierarchy. Thus, in both of these cases it is not
surprising that the contrasting case with repeated-name reference would take
much longer because of the subsequent triggering of CR.EQ.

The present experiments indicate that the search for a suitable referent may
actually be more costly when there is more than one compatible referent in the
context. In the CONTROL condition of the experiment, the AGENT referent is
more discourse prominent, but apparently not so much so that it is immediately
deemed the most suitable referent (as it might if it were topicalized). Therefore,
with the AGENT continuation, the processor must take roughly as much time
in the PRONOUN condition as it must take in the NAME condition to establish
equivalence among the discourse referents: In the latter condition, CR.PN and
CR.EQ are triggered while in the former condition, only CR.PRO is triggered.
Yet the same net time is taken in each case. This seems to be best explained
by seeing the search for a suitable referent as being a more costly procedure
when there are other compatible referents. With the PATIENT continuation,
the same difficulty is faced by the processor except that in the PRONOUN
condition, CR.RA is also triggered because the pronoun had been assigned by
default to the more discourse-prominent AGENT. This leads to a large delay in
this condition—thus an apparent advantage for the repeated name continuation.

In the SPLIT condition however, the search for a suitable referent is im-
mediately concluded because no single suitable referent can be found—the two
potential referents are equally ranked. Thus CR.PRO introduces a new discourse
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referent and later, CR.RA is triggered to establish coreference. In the NAME con-
ditions CR.PN introduces a new discourse referent and later, CR.EQ is triggered.
Thus, in all the conditions, the same net costs are incurred: those caused by in-
troducing a new referent and subsequently by establishing equivalence among
referents.

In short, while DPT accounts nicely for the results of these experiments, it
is necessary to bring in a more sophisticated conceptualization of how the pro-
cess of finding a suitable referent proceeds. It is not—as originally suggested by
Gordon and Hendrick [11, 12]—as simple as selecting the referent realized in the
most syntactically prominent position. Rather, there is at least one other factor
(perhaps many) that determine discourse prominence; namely, semantic promi-
nence. Furthermore, the relative discourse prominence of referents influences the
speed with which the search process may be concluded.

5 General Discussion

In short, the experimental evidence here, combined with evidence from the
Stevenson, et al. [34] and Arnold [1] studies described briefly in Section 2.2,
suggest that semantic information affects both forward-looking and backward-
looking referential processes in discourse. The results of those studies, however,
show some interesting contrasts with the present study. For instance, one con-
trast is that while the present experiment shows agent-preference for pronoun
reference, [34] shows a default patient-preference for topic continuation. This
is not necessarily a contradiction. While it would be theoretically convenient if
the same ranking scheme affected both forward-looking and backward-looking
referential processes, this does not have to be the case. Further work is clearly
necessary to to understand just how these processes are related to one another.

The results of this study point toward two other areas for further study. First,
while there is much work looking at ambiguous pronoun resolution, much of this
work seems to be limited to cases where one candidate outranks other candidates.
The present study suggests that there are cases where ranking produces ties.
This is not a new notion, however. There are many models which suggest that
discourse entities are only partially-ordered in their prominence (e.g., the list
of forward-looking centers in classical centering theory; Grosz, et al. [13]). Yet
how pronoun resolution processes actually deal with cases of equally-ranked
candidates seems to be much less studied.

A second area for further research concerns the ranking scheme. The evidence
here strongly suggests, as noted previously, that ranking is based on a number
of factors as in the MPFM. This is not a new concept, of course, and many
pronoun resolution algorithms have achieved a fairly high degree of success with
such methods (e.g., [26,28]). However, there is more work to be done on the
way the ranking is actually utilized by the processor. The experimental evidence
in this study suggests that the relative ranking of referents on the discourse
prominence hierarchy affects how those referents are accessed during pronoun
resolution processes. A referent which is ranked much higher than any other
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referent seems to block, in a sense, consideration of those other referents. While
on the other hand, as referents are more closely ranked in the hierarchy, more
time is required to consider them. Yet when they become too closely ranked,
then the search for a suitable referent fails.

6 Conclusion

In conclusion, the series of experiments presented here suggest that both syntac-
tic and semantic prominence contribute to the ranking of candidates for pronoun
resolution in a way that may result in a partially-ordered ranking. Further-
more, tough-constructions seem to be a useful construction for generating such-
partially ordered rankings and therefore may prove a useful means for studying
how pronoun resolution processes deal with equally-ranked candidates. DPT
provides a useful framework in which to capture the time-course of discourse
comprehension and pronoun resolution, but only with a more complex concep-
tualization of how the discourse prominence of referents is determined and how
the processor makes use of the ranked list of referents.
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