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Abstract

The necessity of a gradient approach to
salience ranking of referents introduced
in a discourse is evaluated by looking at
(unbound) pronoun resolution preferences
when there are competing non-salient
referents. The study uses a sentence-
completion technique in which partici-
pants had to resolve pronouns (“John
sprayed the paint on the wall and then
it ..”). Results suggest that a gradient
salience model is necessary. Syntactic and
semantic prominence effects on pronoun
resolution were also compared with results
showing that semantic prominence (i.e.,
agent > patient) determined the salience
ranking of competing referents.

1 Introduction

A pervasive theme in theories of discourse coher-
ence is the concept of salience. It has proven to be
a useful means of explaining how particular enti-
ties seem to receive some preferential treatment in
both the production and perception of a discourse.
For instance, it has long been observed that entities
realized in certain structural positions (e.g., gram-
matical subject or first-mention) are preferred en-
tities for topic continuation (Givén, 1983)—that
is, they are preferentially referred to in the sub-
sequent utterance. Similarly, pronominal refer-
ence to entities realized in certain structural po-
sitions (again, subject position, for example) is
preferred to reference by repeated name (Gordon
et al.,, 1993). In order to account for these ob-
servations, it has often been theorized that in the
speaker’s and hearer’s mental representation of the
discourse, these entities are salient (similar terms
include focused or given).

To illustrate this line of thinking, consider
(1). The pronoun in the second clause is pref-
erentially interpreted as referring to LUKE rather
than MAX. This has been observed in numer-
ous psycholinguistic investigations (cf., Hudson-
D’Zmura and Tanenhaus (1997); Mathews and
Chodorow (1988); inter alia). In a simple salience-
based account, it is hypothesized that LUKE is a
salient entity after the first clause and that refer-
ence to salient entities should be pronominal.

(1) Luke; hit Max; and then he; /. ; ran home.

While many studies have investigated differ-
ences between pronominal reference to salient and
non-salient entities, I have found no studies that
have looked explicitly at what happens when a
salient entity is not compatible with the pronoun,
but more than one non-salient entity is. This is one
of the main themes of the present study. Putting it
as a question, what happens when there is compe-
tition among non-salient entities for pronoun inter-
pretation? The answer to this question has some
wider implications for how salience is to be un-
derstood. In particular, the answer to this ques-
tion leads to conclusions about whether theoretical
models require a gradient model of salience rank-
ing or whether a categorical model is sufficient.
In the following background section I will discuss
this primary question further and introduce two
related questions which must also be addressed.
This will be followed by description of the experi-
ment performed in this study. Briefly, results of the
experiment are consistent with a gradient model
of salience ranking. Implications of these findings
are discussed in the final section.
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2 Background

2.1 Pronoun Reference Resolution

In this paper I will be focusing on the interpreta-
tion of unbound pronouns. Much has been writ-
ten on this area of anaphora resolution and only
a cursory overview is possible in this paper (see
Hirst (1981) for a comprehensive overview of ear-
lier work and Mitkov (2002) for an overview of
more recent work). In this section, I will describe a
generalized model of pronoun resolution and how
salience plays a role in this process as well as dis-
cuss in some detail how salience is determined.

When interpreting pronouns in discourse, read-
ers search a list of previously evoked entities in
memory. Following Karttunen (1976) and Heim
(1982), I will call these discourse referents (or just
referents, for short). The list of discourse referents
is ranked according to salience.

Two basic approaches may be taken to salience
ranking: a categorical approach in which at most
one referent is salient and all others are then, by
definition, not salient; or a gradient approach in
which referents are ranked along a salience con-
tinuum. In computational implementations of pro-
noun resolution algorithms, a gradient approach is
often used, perhaps by necessity (cf., Lappin and
Leass (1994)). However, psycholinguistic stud-
ies are often not so explicit about the approach
taken and the results of most studies can be ex-
plained in terms of a categorical salience rank-
ing. For instance, Gernsbacher and Hargreaves
(1988) present a model of comprehension in which
order-of-mention determines salience ranking, but
their experimental evidence only compares first
and second mentioned entities. In another case,
Hudson-D’Zmura and Tanenhaus (1997) seek to
verify the basic predictions of Centering Theory
(Grosz and Sidner, 1986; Grosz et al., 1995),
one aspect of which is a syntactic hierarchy:
subjects > objects > others. However, their
experimental evidence really only demonstrates a
categorical ranking: subjects > others.

The difference between the categorical and gra-
dient approaches is important in the present study
because if salience is categorical, then pronomi-
nal reference should show no preference among
non-salient entities. On the other hand, if salience
is gradient, then it should be possible to observe
preferences even among non-salient (or perhaps
more accurately here, less salient) entities.

I should note however, that while it is clear that
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those who take a gradient point of view must rule
out a categorical point of view, I do not intend to
imply that those studies that have a categorical ap-
proach (implied or otherwise) necessarily rule out
a gradient approach. Many of those investigators
may in fact be amenable to it. However, actual ev-
idence of the necessity of a gradient approach in
theory remains somewhat scarce. It is hoped that
the present study will add to this evidence.

2.2 Computing Salience

Returning then to the model of pronoun resolu-
tion, the list of referents is first pruned to remove
incompatible referents based on morphosyntactic
features (Arnold et al., 2000; Boland et al., 1998).
Then search for a referent should proceed with re-
spect to the ranking (either categorical or gradient)
of the referents in the list. But what determines
this ranking? One of the most dominant factors
has been shown to be syntactic prominence. How-
ever, in Rose (2005), I have argued that (in En-
glish, at least) syntactic and semantic information
are often conflated. I will therefore discuss both
of these factors below. In addition, another signif-
icant factor is coherence relations, also discussed
this further below.

2.2.1 Syntactic Prominence

Several ways of determining the syntactic
prominence of evoked entities have been discussed
in the literature. These include left-to right order-
ing in which discourse referents introduced ear-
lier are more prominent than those introduced later
(Gernsbacher and Hargreaves, 1988), depth-first
hierarchical search in which referents introduced
higher and leftward in the syntactic tree are more
prominent (Hobbs, 1978), and grammatical role in
which referents introduced as subjects are more
prominent than those introduced in other roles
(Grosz et al., 1995). These different approaches
typically make the same predictions when dealing
with syntactically simpler constructions (i.e, no
subordinate clauses or complex noun phrases), but
may make different predictions with more com-
plex constructions. The stimuli used in the exper-
iment described below are all relatively syntacti-
cally simple and so in this paper I will not evaluate
the differences among these various approaches.!

'See Rose (2005) for detailed discussion of these differ-
ent approaches and a psycholinguistic and corpus linguistic
comparison of hierarchical and grammatical role approaches.



However, for expository purposes, I will use gram-
matical role labels in discussion below.

When ranking referents according to the gram-
matical role in which they have been introduced, a
categorical ranking predicts that the referent intro-
duced as subject is salient and that any other refer-
ent is non-salient. This is the point of view implic-
itly taken in Stevenson et al. (2000), for example,
in which they argue that a pronoun should refer to
the referent introduced as subject of the preceding
utterance.” A gradient salience approach, how-
ever, requires a more detailed prominence hierar-
chy such as that in (2). This is the point of view
taken in most studies using the Centering frame-
work (Grosz and Sidner, 1986; Grosz et al., 1995).
An even more detailed gradient salience approach
may be taken in which the points on the promi-
nence hierarchy carry different (relative) weights.
This is the approach taken in many practical appli-
cations such as the pronoun resolution algorithm
of Lappin and Leass (1994).

(2) subject > object > oblique > others

2.2.2 Semantic Prominence

In English, syntactic role and semantic role
are often conflated. That is, syntactic subjects
are often semantic agents while syntactic objects
are often semantic patients, and so on. Thus,
it could be that the kind of pronoun resolution
preferences previously observed and usually at-
tributed to syntactic prominence effects might ac-
tually be attributed to semantic prominence ef-
fects. In other words, perhaps subject-preference
is actually agent-preference.

In order to investigate this question, in Rose
(2005), I used argument-reordering constructions:
constructions which allow the order of arguments
to vary—hence effecting a different relative syn-
tactic prominence of discourse referents—with no
(or minimal) change in their semantic role. For in-
stance, so-called psychological-verbs have the al-
ternate forms shown in (3)-(4).

(3) The audience admired the acrobats.
(4) The acrobats amazed the audience.

“More precisely, Stevenson et al. (2000), using the Cen-
tering framework (Grosz and Sidner, 1986; Grosz et al.,
1995), argue that the backward-looking center, Cb, should
refer to the subject of the preceding utterance. This is a sim-
plification of the original Centering proposal in which it was
suggested that the Cb refer to the highest-ranking member of
the set of forward-looking centers in the previous utterance
which is realized in the current utterance.
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In (3), AUDIENCE is realized in a more syn-
tactically prominent position than is ACROBATS:
that is, in subject position. The reverse is true
in (4). On the other hand, the semantic roles re-
main the same in both: ACROBATS is the stimu-
lus while AUDIENCE is the experiencer. If syn-
tactic prominence is most important, then a sub-
sequent pronoun they should pick out AUDIENCE
in (3) and ACROBATS in (4). On the other hand,
if semantic prominence is most important, then a
subsequent pronoun should pick out the same dis-
course referent in both alternatives. Assuming ex-
periencer is higher on a semantic prominence hi-
erarchy than stimulus (cf., thematic hierarchies in
Jackendoff (1972); Speas (1990); inter alia), then
this would be AUDIENCE.

In Rose (2005), I compared the effects of syn-
tactic and semantic prominence on the salience
of discourse referents in psycholinguistic ex-
periments using two argument-reordering con-
structions: tough-constructions and spray/load-
constructions. Results show that both syntac-
tic and semantic prominence contribute to the
salience of discourse referents. This suggests that
experiments of this sort should carefully control
for both syntactic and semantic prominence. In the
present experiment, I do so by using an argument-
reordering construction for the test stimuli.

2.2.3 Coherence Relations

Several investigators have theorized and ob-
served that pronoun interpretation preferences dif-
fer when there is a causal connection between ut-
terances compared to when there is a narrative
connection (Hobbs, 1978; Kehler, 2002; Steven-
son et al., 2000). For instance, in the narrative re-
lation shown above in (1) (repeated below as (5)),
the preference is for the pronoun to refer to LUKE.
However, in (6) in which the utterances are related
by a causal connection, the preference is for the
pronoun to refer to MAX.

(5)  Luke; hit Max; and then he;,; ran home.
(6)  Luke; hit Max; because he; /; ran home.

Therefore, when investigating pronoun resolu-
tion, it is also necessary to take into account the
influence of coherence relations by either control-
ling for these relations or making them another
point of investigation. In the present study, I will
take the latter course of action in order to see how
coherence relations might influence pronoun res-
olution to competing non-salient entities. Previ-



ous accounts of the effects of coherence relations
on pronoun resolution have taken the view that
the kind of relation shifts attention to different as-
pects of the event being described (Stevenson et
al., 1994; Stevenson et al., 2000). If an event has,
for example, a start-state and an end-state, then
a narrative relation will shift attention toward the
start-state while a causal relation will shift atten-
tion toward the end-state. Subsequent pronominal
reference will therefore prefer referents associated
with these respective states, as illustrated in (5)-
(6). Based on this argumentation, the prediction
would be that pronominal reference might favor
one non-salient referent over another if it is asso-
ciated with that part of the event to which attention
has been shifted by the coherence relation.

3 Experiment

Before describing the experiment, I'll review the
primary and secondary questions which this ex-
periment is designed to test. First, there is the
question of what happens during pronoun reso-
lution processes when there are competing non-
salient referents. Answers to this question should
provide evidence toward either a categorical or a
gradient model of salience ranking. Furthermore,
because investigating this question requires con-
trolling for syntactic versus semantic prominence
as well as coherence relation effects, two other
secondary questions are also investigated. First,
which is a more important factor in pronoun res-
olution: syntactic or semantic prominence? Sec-
ond, what effect do coherence relations have on
pronominal reference to non-salient entities?

3.1 Design

The research questions described above were in-
vestigated in this study using the well-known
spraylload-constructions which exhibit the loca-
tive alternation (Levin, 1993) as shown in (7) and
have synonymous alternative forms.>

(7) a. John sprayed some paint on a wall.
b. John sprayed a wall with some paint.

3There is some difference of opinion on whether the two
forms of sprayl/load-constructions are actually synonymous.
One central point of contention is whether the totality effects
on the direct object (i.e., the judgment that the entity in direct
object position is totally used up in the event) are consistent
across both forms. In the judgment of Rappaport and Levin
(1988), the totality effect applies only with the with-variant.
In contrast, it is my judgment (Rose, 2005) and also that of
Tenny (1994, see her data items (100) and (102)) that the ef-
fect applies across both forms.
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According to prominence hierarchies in which
the syntactic subject or the semantic agent is most
prominent, then JOHN should consistently be re-
garded as the (most) salient referent while PAINT
and WALL should be regarded as less or non-
salient referents in these sentences. Thus, subse-
quent pronominal reference with the third-person
singular pronoun, it, allows a test of the three dif-
ferent questions outlined above.

First, if a categorical approach to salience is suf-
ficient, then there should be no overall preference
for either PAINT or WALL. But if gradient salience
is necessary for ranking, then it might be possible
to observe a difference between the two.

The nature of this difference, however, might
be more complex depending on the way salience
ranking is determined. If syntactic prominence is
the only relevant factor, then preferences should
consistently favor the object (i.e, PAINT in (7a),
WALL in (7b)) according to the well-established
syntactic prominence hierarchy in (2) above. But
if semantic prominence is the only factor, then
preferences should favor either the theme (PAINT)
or the location (WALL) depending on how the se-
mantic prominence hierarchy is ordered. One pre-
diction might be based on proposed thematic hier-
archies (cf., Larson (1988), Speas (1990)) which
place theme above location. According to such a
hierarchy, PAINT should be consistently preferred.
This is what I observed in Rose (2005).

Other differences may result from the kind of
coherence relation used. However, for spray/load-
constructions, this is a little difficult to predict.
The two non-salient entities are both arguably a
part of the end-state of the event—that is, together,
they are the product of the agent’s work. Thus, any
motivation to distinguish between the two with re-
spect to the coherence relation must come from
some other feature of the event or its participants.
I will address the possibility in the discussion sec-
tion below.

3.2 Method

3.2.1 Participants

The participants in this experiment included 36
undergraduate students at Morehead State Univer-
sity in Kentucky. Students were recruited through
fliers and classroom announcements and received
five dollars for their participation.



3.2.2 Materials

Twenty-four stimulus items were prepared us-
ing spraylload verbs as the matrix verb. The
agent/subject was a commonplace proper name
(12 male and 12 female) and the themes and lo-
cations were all inanimate nouns presented in in-
definite form. The spray/load sentence was then
followed by one of two connectives: and then to
force a narrative relation or because to force a
causal relation. These connectives were then fol-
lowed immediately by iz. Each stimulus was then
followed by a blank line for participants to fill in a
completion for the sentence. The experiment was
therefore a 2 x 2 design pitting ORDER of entities
(theme-location or location-theme) against coher-
ence RELATION (narrative or causal). (8) shows an
example of the four variants of one stimulus item.

(8) a. John sprayed some paint on a wall

and then it
(theme-location, narrative)

b. John sprayed a wall with some paint
and then it
(location-theme, narrative)

c. John sprayed some paint on a wall
because it
(theme-location, causal)

d. John sprayed a wall with some paint
because it
(location-theme, causal)

Stimulus items were placed into twelve differ-
ent tests such that each test contained only one
variant of each item but conditions were balanced
across all tests. The order of the items was pseudo-
randomized such that consecutive items were not
from the same experimental condition. The 24
items were combined with 101 items from an un-
related experiment to make a total of 125 items.
Tests were printed in landscape orientation allow-
ing every stimulus item to be followed by a blank
line of at least three inches—ample space for par-
ticipants to write their continuations.

3.2.3 Procedures

Participants were given the test forms and were
asked to complete each sentence in the way that
seemed most natural to them. Participants’ re-
sponses were then analyzed and marked with one
of four designators: If their completion showed
that they interpreted the pronoun unambiguously
as the theme of the spray/load verb then the re-
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sponse was marked THEME. Similarly, if they in-
terpreted the pronoun as the location, then the re-
sponse was marked LOCATION. If the response
was ambiguous as to the participant’s interpreta-
tion, then it was marked INDETERMINATE. Fi-
nally, if the response indicated pronominal ref-
erence to some other entity, or the pronoun was
taken as an empty pronoun, then the response was
marked OTHER.

3.3 Results

In total, there were 836 usable responses (23 re-
sponses were left blank and 5 were ungrammati-
cal). 130 responses were judged INDETERMINATE
and 65 responses were judged OTHER. Only the
remaining 641 responses are therefore used in the
analysis below.

In order to evaluate the results, it is useful to
look at the participants’ pronoun resolution pref-
erences. However, there are two ways of look-
ing at these preferences: syntactically or seman-
tically. Thus, while it is somewhat more labori-
ous for the reader, I will present the results from
these two perspectives for the sake of complete-
ness. The results are therefore presented in terms
of object-preference as well as theme-preference.
Object preference is calculated as the total number
of choices for the object minus the total number
of choices for the oblique. Theme-preference, on
the other hand is calculated as the total number of
choices for the theme minus the total number of
choices for the location. These results by subjects
and by items are shown in Table 1 and Table 2,
respectively.

The results show that there was an overall pref-
erence for the location (i.e., wall) in both variants.
This can be most readily seen by noting the consis-
tently negative theme-preference values in Table 2.
This is underscored by the significant main effect
for ORDER in the object-preference results in con-
trast with the nonsignificant main effect for OR-
DER in the theme-preference results. This contrast
also indicates that in this experiment, participants’
pronoun resolution processes were guided by a
salience ranking determined by semantic promi-
nence and not syntactic prominence.

As for the main question of categorical ver-
sus gradient salience, the results point toward a
gradient model of salience ranking. Participants
showed a clear, consistent preference for one non-
salient entity (location) over another (theme).



Table 1: Overall Results for Object-preference

by subjects
ORDER
theme-location location-theme
RELATION
narrative -1.75 2.50
causal -0.89 1.14
Variant F(1,35) =58.2 p<0.001
Relation F(1,35) < 1.0 n.s.
Variant*Relation ~ F(1,35) =84  p<0.01
by items
ORDER
theme-location location-theme
RELATION
narrative -2.62 3.75
causal -1.33 1.71
Variant F(1,23) =183 p < 0.001
Relation F(1,23) < 1.0 n.s.
Variant*Relation ~ F'(1,23) =3.2 p =0.085

Table 2: Overall Results for Theme-preference

by subjects
ORDER
theme-location location-theme
RELATION
narrative -1.75 -2.50
causal -0.89 -1.14
Variant F(1,35) =2.8 p=0.10
Relation F(1,35) =84 p<0.01
Variant*Relation  F'(1,35) < 1.0 n.s.
by items
ORDER
theme-location location-theme
RELATION
narrative -2.62 -3.75
causal -1.33 -1.71
Variant F(1,23)=22 p=0.15
Relation F(1,23) =3.2 p=0.085
Variant*Relation ~ F'(1,23) < 1.0 n.s.
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Finally, the results pertaining to coherence re-
lations are somewhat inconclusive. In order to
discuss this, it is better to refer to the theme-
preference results because semantic prominence
has proven to be the dominating factor here. While
there is a significant main effect of RELATION by
subjects, the effect is, at best, marginal by items.
It is possible that a more thorough investigation
with more items could yield a clear, significant re-
sult. On the other hand, even if the current effect
is somehow real, it is actually quite weak. Note
that the theme-preference values. which are nega-
tive in the narrative condition, are merely less neg-
ative in the causal condition—not enough to flip-
flop resolution preferences. So, it seems difficult
to make the case here that coherence relations shift
these preferences in any meaningful way.

4 Discussion

In the present study, there were three questions un-
der investigation. Let me review these three ques-
tions in turn and what the results say about them.
First there was the primary question of categori-
cal versus gradient approaches to salience ranking.
The results here are not consistent with a categor-
ical approach and clearly suggest a gradient ap-
proach. In this respect, the study lends psycholin-
guistic support to the many implementations of
pronoun resolution algorithms which incorporate
a gradient ranking of candidate referents for reso-
lution (e.g., Kennedy and Boguraev (1996); Lap-
pin and Leass (1994)).

However, just how fine-grained an approach
is necessary is not conclusive from this investi-
gation since competition among only two non-
salient referents was tested. A more thorough
study with stimuli including a large number of ref-
erents would be necessary to draw further conclu-
sions about the necessity of a fine-grained gradient
model of salience ranking.

The second question in this study was the ques-
tion of whether syntactic prominence or seman-
tic prominence is more important for determin-
ing the salience of referents. Results quite clearly
point toward semantic prominence. These results
contrast with those of Rose (2005) in two ways.
The psycholinguistic results in that study suggest
first that both syntactic and semantic prominence
play a role in determining salience and second
that theme is higher than location on the seman-
tic prominence hierarchy.



The first contrast might be attributed to differ-
ences in experimental technique. The fact that par-
ticipants in the present experiment had to compose
a completion to each sentence means that they may
have spent more time focusing on the semantic
representation of the situation. This may have in-
flated the semantic prominence effects while at-
tenuating syntactic prominence effects.

The second contrast, however, is somewhat
more difficult to resolve. But once again, it may
be useful to appeal to differences in the experi-
mental technique. In the present study, the pro-
cess of composing a sentence continuation for the
events described by spray/load verbs would have
required visualizing the event in a more vivid way
than might be required for mere reading com-
prehension. If this visualization process were
to require participants to anchor their visualiza-
tions through some fixed objects in the represen-
tation, this might naturally lead them toward pay-
ing closer attention to the location than the theme.
Further testing will be required to evaluate this
hypothesis and disambiguate these contrasting re-
sults.

Finally, the third question in this study dealt
with the influence of coherence relations on pro-
noun resolution to competing non-salient refer-
ents. The present study did not test this in a man-
ner comparable to previous studies since unlike
those studies, both target referents were associated
with the end-state of the event. Nonetheless, re-
sults showed a weak (but inconclusive) tendency
to shift resolution preferences from location to-
ward (but not to) theme. While more evidence
would be necessary to confirm this to be a real
effect, if it does turn out to be real then it would
be a very interesting result. Assuming for the
sake of argument that it is, then this might sug-
gest that participants do not see the theme argu-
ment of spray/load verbs as part of the end-state of
the event. To illustrate how this might be so, con-
sider a couple of examples. Once a bucket of paint
has been sprayed onto a wall, it takes on certain
properties of the wall—for instance, its texture and
size. Similarly, hay loaded onto a cart also takes
on certain properties of the cart such as its size and
shape. It might then be the case that the end-state
of a spray/load event is more centrally focused on
the location argument than on the theme argument
because it is the location which determines many
of the main properties of the end-state.
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Before concluding, I would like to suggest some
applications of these findings. Computational im-
plementations of resolution algorithms that use
an explicit salience ranking mechanism can be
adapted to incorporate semantic prominence in-
formation as one of the contributors to a candi-
date’s overall salience index (e.g., as in Lappin
and Leass (1994)). However, even implementa-
tions that do not have an explicit salience rank-
ing mechanism might still incorporate semantic
prominence information. The coreference resolu-
tion system described in Soon et al. (2001) and its
more knowledge-rich extension in Ng and Cardie
(2002) classify NP pairs as coreferent or not based
on constraints learned from an annotated corpus.
These constraints are based on a number of fea-
tures. While the Ng and Cardie system does in-
corporate a syntactic role feature (i.e., whether or
not either NP in a pair is a subject), neither sys-
tem incorporates a semantic prominence feature.
It would be interesting to see if any further gains
could be made in these systems by incorporating
such a feature in future work.

5 Conclusion

The main aim of this paper has been to explore the
question of whether a gradient model of salience
ranking for candidate referents in pronoun reso-
lution is necessary, or if a categorical model is
sufficient. In this endeavor, two other questions
have been addressed along the way: the influence
of syntactic and semantic prominence on salience
ranking of referents and the influence of coher-
ence relations on pronoun resolution preferences.
Results point toward the necessity of a gradient
model of salience in which salience ranking is pri-
marily determined by semantic information. Re-
sults were inconclusive regarding the influence of
coherence relations. However, further work is nec-
essary to confirm that this is the case.
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