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Ambiguity in Anaphora: Introduction

Massimo Poesio and Ron Artstein

Our original idea for a workshop on Ambiguity in Anaphora was to create a dialogue between
computational linguists, theoretical linguists and psycholinguists. The mainstream work in
the computational community assumes that anaphora resolution is a problem of identifying a
unique (or best) interpretation for each anaphoric expression. We feel that this view overlooks
cases where reference is genuinely ambiguous, and the ARRAU project set out to investigate
anaphoric ambiguity using both corpus annotation and eye-tracking experiments (Poesio et al.,
in press). This workshop brings together researchers who work on ambiguity from a variety
of perspectives, with the hope that ideas can find their way from one field to another.

Indeed, the workshop represents a variety of theoretical and methodological approaches.
Two papers are very close to our own corpus annotation research: Mareile Knees uses corpus
annotation to identify multiple references of the temporal anaphor danach in German, and
Yannick Versley shows that expressions whose referents are vague are more likely to cause
disagreement among annotators. Four papers report on experimental psycholinguistic stud-
ies, using a variety of methodologies: Laura Kertz, Andrew Kehler, and Jeffrey Elman use a
question-answering task to argue for a model of coherence for pronoun resolution in English;
Arnout Koornneef, Frank Wijnen, and Eric Reuland use eye tracking to determine preferences
for bound variable or coreferent readings of pronouns in Dutch; Gerlof Bouma and Holger
Hopp use a web-based preference task to determine that grammatical function rather than lin-
ear order determines pronoun interpretation in German; and Claire Delle Luche, Roger van
Gompel, Frédérique Gayraud, and Bruno Martinie use a preference task to show that marked-
ness rather than informativeness determines the interpretation of relative pronouns in French,
thus also determining relative clause attachment. One paper looks at the implications of psy-
cholinguistic models on computational implementations: Lucas Champollion shows that mod-
eling the different psychological behavior of pronouns in main clauses and subordinate clauses
has a very small impact on the performance of anaphora-resolution systems. And finally, three
papers look at the theory behind anaphoric behavior: Laia Mayol presents a game-theoretical
model for the interpretation of pronouns in Catalan; Maia Duguine develops an information
structure account of asymmetries between strict and sloppy readings of pronouns in English
and Basque; and Alexandre Denis, Guillaume Pitel, and Matthieu Quignard give a model for
the interpretation of plural references using reference domains.

We thus have an impressive array of papers for this workshop, which should result in much
fruitful discussion. We wish to thank our speakers for submitting their work and coming to
Malaga to present it. We also want to use this opportunity to invite the workshop participants
to submit their work to a special issue of Research on Language and Computation which we
are editing; see announcement at the end of this volume.
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Abstract

This paper presents novel psycholinguistic evidence on the factors governing pronoun
resolution in German. To determine the relative influence of linear order versus grammat-
ical function of potential referents in the German Mittelfeld on pronoun interpretation,
an interpretation-preference task was run on 23 German natives. Subjects chose the pre-
ferred referent for fully ambiguous personal pronouns. The results across different verb
types show that grammatical function, yet not linear order, predicts pronoun resolution in
German.

Introduction

Anaphors constitute a prime example of ambiguity in language. Many factors have been pro-
posed that influence the interpretation of anaphora, and pronouns in particular. We can dis-
tinguish three general types of factors: (a) world knowledge considerations such as the plau-
sibility of the resulting reading; (b) linguistic constraints like agreement or binding; and (c)
salience or activation of available referents. With respect to (c), researchers have proposed
NP-form, distance to the anaphor, position in the sentence and grammatical function as form
aspects that influence salience in different languages. One particular issue that has received
attention is the relative impact of linear order (LO) and grammatical function (GF).

For instance, Rambow (1993) claims that in the German Mittelfeld — the topological field
between the finite verb in second position, and the sentence final verb cluster — linear order
determines which NP is most likely to be the antecedent of a pronoun in subsequent discourse.
In particular, Rambow claims that in (1) and (2) the predictive role of LO is borne out, out-
weighing any potential effects of GF:

(nH Q Glauben sie, dass...
Do you think that. ..
eine solche MaBBnahme; der russischen Wirtschaft, helfen kann?
a such measure.F.NOM the Russian economy.F.DAT help can
such a measure could help the Russian economy?
A Nein, sie; ist viel zu primitiv.
no it.F is much too primitive
No, the measure is much too primitive.

2) Glauben sie, dass der russischen Wirtschaft, eine solche Mafinahme; helfen kann?
Nein, sie; ist viel zu primitiv.

No, the economy is much too primitive.
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The grammatical functions, subject and indirect (dative) object, do not change between (1)
and (2). However, according to Rambow, the interpretation of the pronoun in these answers is
always the leftmost Mittelfeld NP of the preceding sentence, which does change between the
examples.

Note that the pronoun sie in (1) and (2) remains ambiguous: interpretation sie, is readily
available in (1) as is sie; in (2). In other words, preferences for either interpretation are not
categorical; rather, they reflect tendencies potentially based on factors like GF and LO. It
is notoriously difficult to capture these tendencies using isolated examples. Yet, previous
experimental and corpus research has found statistical evidence of the reality of such factors.

This paper adds to this body of research by presenting new empirical evidence on the rel-
ative influences of LO and GF on pronoun resolution in relation to the German Mittelfeld. We
carried out an interpretation-preference task to investigate the relative impact of either factor.
This paper is structured as follows: We briefly review some previous corpus and experimental
research on pronoun resolution preferences across languages (Section 1). Then we present
the experiment and its findings (Section 2). In Section 3, we discuss the results and offer
suggestions for future research.

1 Previous results on LO vs GF

Much work on salience is related to, or based on Centering Theory, a theory of local dis-
course coherence (Grosz, Joshi, and Weinstein, 1995, CT). Originally, CT proposed GF as the
main determinant of salience: subjects are more salient than objects, which are more salient
than other elements in an utterance. Although CT was not intended as a theory of anaphora
resolution, it has inspired many such theories and systems. A well-known early example is
Brennan, Friedman, and Pollard (1987, BFP), who implemented CT for pronoun resolution,
and operationalized GF by ranking entities according to a refined obliqueness scale.

Gordon, Grosz, and Gillom (1993) found increased reading times for repeated full NP
versus pronoun subjects if the referent was the subject or the first mentioned NP of the previous
utterance. They conclude that LO is a salience factor in English. Moreover, they speculate that
any GF effect might be due to subjects often being topics.

Rambow (1993) claims LO determines salience in the German Mittelfeld. Also arguing for
the importance of LO, Strube and Hahn (1999) propose a reformulation of Centering Theory
based on Prince’s familiarity categorization of entities (1981). The system does not use GF
information. Empirically, their model outperforms BFP, both on a German and an English
corpus.

Of course, the comparatively fixed word order of English leads to a close correspondence
of linear order and grammatical function. In a corpus based comparison of CT variants, Poesio
et al. (2004) find that substituting GF information by LO has hardly any effect. Thus, free
word order languages are better suited to provide evidence that differentiates between LO or
GF. Contrastive research on pronoun resolution in such languages seems to point at GF as a
determinant of pronoun resolution, or at best to a mixed GF & LO model.

Jarvikivi et al. (2005) present eye tracking data for Finnish. Both subjecthood (GF) and
first mention (LO) influence the order and number of fixations on a picture of the stories being
read. However, the data suggest that subjecthood is the stronger factor. In an interpretation
study, Kaiser (2003) concludes that Finnish personal pronouns refer to the subjects, initial
or not, unless the object was both initial and pronominal. For Turkish, Hoffman (1998) and
Turan (1998) claim subjecthood rather than LO determines salience, based on the introspective



interpretation and acceptability of null pronouns. For Hindi, Prasad and Strube (2000) argue
for GF and against LO on the basis of individual examples.

Against the background of these inconclusive and conflicting findings, this study presents
psycholinguistic evidence on pronoun resolution in relation to the German Mittelfeld. By
using scrambling in the Mittelfeld rather than movement to sentence initial position, this study
avoids potential confounds of first mention effects and/or the particular information-structural
effects of topicalization on pronoun resolution.

2 The Present Study

German, an SOV language with verb-second order in main clauses, allows comparatively free
NP order. Apart from argument fopicalization to the front of the main clause, German allows
for subject-object and object-subject orders in the Mittelfeld (e.g. (1) and (2) above), so-called
scrambling. Scrambling is constrained by various factors, such as definiteness, animacy, and
information structure (Miiller, 1999). Constituents scramble felicitously only when they are
defocussed, i.e. when they constitute given information (Haider and Rosengren, 1998; Lenerz,
1977). In other contexts, scrambling of objects across subjects is distinctly marked.

2.1 Materials

In order to test whether GF or LO in the German Mittelfeld determine pronoun resolution, we
designed an interpretation-preference task. In the task, subjects indicated the preferred referent
of a pronoun in relation to a preceding sentence. For this sentence, the task manipulated the
linear order and the grammatical function of NPs. The factor LO (left-right) was crossed
with GF in three conditions: subject-direct object (3), subject-indirect object (4), and direct
object-indirect object (5). Note that none of the relevant NPs is first mentioned.

3) subject-direct object (su-do):
a. Die Hoffnung war, dass [der Beschluss]y, [den Plan]y, beeinflussen wiirde.

The hope was that the decision.NOM the plan.ACC affect would
b. Die Hoffnung war, dass [den Plan]g, [der Beschluss]y, beeinflussen wiirde.

“4) subject-indirect object (su-io):
a. Alle dachten, dass [der Sohn]y, [dem Vater];,,  dhnelte.

All thought that the son.NOM the father.DAT resembled
b.  Alle dachten, dass [dem Vater];, [der Sohn], dhnelte.

5 direct object-indirect object (do-i0):
a. Die Professorin stellte [dem Kollegen];,  [den Studenten]qy, vor.

The professor introduced the colleague.DAT the student.ACC part.
b.  Die Professorin stellte [den Studenten]y, [dem Kollegen];, vor.

There were six items per condition, 18 items in total. All verbs were of the canonical su-obj
order; the ditransitives were verbs of the su-io-do class (Haider, 1993). In the design of the
items care was taken to avoid potential interfering effects on pronoun interpretation: All items
were controlled and matched for animacy, definiteness, number and gender, and they all dis-
played unambiguous case-marking. Further, the items were preceded by a context sentence
that introduced both NPs. This context sentence neutralized information-structural differences
between the NPs and, by making the NPs given information, established the contextual re-
quirements for felicitous scrambling. The items and their preceding contexts were followed



by a sentence with a referentially fully ambiguous pronoun and a question to be answered by
the subjects. For (3) this would be:

(6) Aber er war zu unstrukturiert.
But it was too unstructured.

@) Was war zu unstrukturiert? (a) Der Plan (b) Der Beschluss (¢) Etwas anderes
What was too unstructured? (a) The plan (b) The decision (c) Something else

To control for plausibility of interpretation and to test for lexical biases in pronoun preferences,
all items were tested in a plausibility-rating study with a separate group of 12 German natives.
In the plausibility test, the pronoun in sentence (6) was replaced by the full noun phrases.
Subjects were presented with both options (as in (8) for the sentence in (3)) and they had to
indicate which sentence, if any, seemed more plausible.

(8) a.  Aber der Plan war zu unstrukturiert.
But the plan was too unstructured.
b.  Aber der Beschluss war zu unstrukturiert.
But the decision was too unstructured.

Due to a bias towards one of the readings, four items were excluded from further analysis. For
the remaining 14 items, order and syntactic function of the NPs constituted the only differences
for pronoun resolution.

2.2 Subjects and Procedure

Twenty-three German adult native speakers took part in the experiment. The subjects were re-
cruited individually by e-mail. The task was untimed and conducted via the Internet. Subjects
logged on to the experimental web site and filled in some biographical information. Subjects
were told that they would read ambiguous sentences and were asked to give their preferred
interpretation by choosing an answering to a question about the items. A complete experi-
mental example as seen by the subjects for item (3), looked like the following (but without the
italicized gloss):

) Das Gremium fasste einen Beschluss, der den Plan zur Umsatzsteigerung dndern sollte.
The board made a decision that should change the plan for increasing turnover.

Die Hoffnung war, dass der Beschluss den Plan beeinflussen wiirde.
It was hoped that the decision would affect the plan (canonical word order).

Aber er war zu unstrukturiert.
But it was too unstructured

Was war zu unstrukturiert?"
What was too unstructured?

a. Der Beschluss
The decision

b. Der Plan
The plan

c. Etwas anderes
Something else



The experimental items were interspersed with 18 filler items of various other structures in-
volving ambiguous and unambiguous pronouns, and pseudo-randomized. Two lists were used
which counterbalanced the order of items, the order of answering options and scrambling.

2.3 Results

The results are given in Tables 1 and 2. In these tables, we refer to grammatical function in
terms of obliqueness, with the subject being least oblique and the indirect object most oblique.
Table 1 shows that for the su-do condition, the subject was chosen as the preferred antecedent
of the fully ambiguous pronoun roughly two-thirds of the time, whereas the leftmost NP was
chosen at levels indistinguishable from chance. In the su-io condition, the subject was also
preferred as the pronoun antecedent; again, the leftmost NP was chosen at chance levels. The
same finding obtains if we collapse the su-do and the su-io conditions to see the effects of
subjecthood vs objecthood (see column su-X). For ditransitive verbs, the rightmost column in
Table 1 demonstrates that neither obliqueness nor leftmost NP accounts for more than 50% of
pronoun resolution. In subsequent statistical analyses, three pairwise Wilcoxon Signed-Rank
tests were run for each condition: Subject vs Leftmost NP, Subject vs Object (for do-io: Direct
Object vs Leftmost NP and Direct Object vs Indirect Object, respectively) and Leftmost NP vs
Rightmost NP. For the su-do condition, only the Subject vs Object comparison showed a sig-
nificant difference (z = —2.425, p = 0.015). For the su-io condition, the Subject vs Leftmost
NP (z = —2.517, p = 0.012) and the Subject vs Object comparison (z = —3.823, p < 0.001)
reached significance. For the combined subject-object conditions (su-X) , both Subject vs Left-
most NP (z = 2.862, p = 0.004) and the Subject vs Object (z = —4.509, p < 0.001) compar-
isons showed significant differences. Across conditions, none of the Leftmost vs Rightmost
NP comparisons reached significance. In the do-io condition, no comparison yielded signifi-
cant differences. In sum, subjecthood turns out to be a better predictor of anaphoric reference
than linear order, irrespective of the obliqueness of the object. For object antecedents, neither
grammatical function nor linear order seems to govern pronoun resolution.

To show the lack of relation between anaphoric reference and word order in more detail,
Table 2 presents a breakdown of the results by condition and word order. Table 2 shows that
the subject preference does not interact with reordering, i.e. even when the more oblique
noun phrase shifts leftwards, anaphoric preferences do not shift leftwards. Instead, anaphor
resolution preferences remain oriented to the subject in the su-do and su-io conditions; in the
do-io condition, the preferences remain indeterminate. This further demonstrates that linear
order does not underlie pronoun resolution in relation to NPs in the German Mittelfeld.

Condition
Resolved to su-do su-io su-X do-io
least oblique 44 78 122 68
% 64.7 67.8 66.7 49.3
leftmost 36 59 95 69
% 52.9 51.3 51.9 50.0
#Items 68 115 183 138

Table 1: Comparison of obliqueness & leftmost NP preferences



Least Oblique

Condition Word order #yes #no
su-do su left 22 13
do left 22 11
su-io su left 41 17
io left 37 20
do-io do left 33 36
io left 35 34

Table 2: Interaction between LO & GF

3 Discussion and Conclusion

The results across different types of NP arguments in the German Mittelfeld indicate that GF,
or, more specifically, subjecthood is a predictor of pronoun resolution. Even though refer-
entially fully ambiguous, pronouns were found to refer at levels above chance to the subject
of a preceding embedded clause that offered multiple potential antecedents. The finding that
subjects are chosen as antecedents roughly two-thirds of the time shows that there is a robust
resolution preference that nevertheless is not categorical. GF turned out not to have an effect
on pronoun resolution for object-object ambiguities. Counter to the claims by Rambow (1993),
LO was not found to determine pronoun resolution in relation to the German Mittelfeld. In
fact, in the present study, there is no evidence to suggest that LO affects resolution at all.

With respect to the role of subjecthood, these results are in line with the findings by
Jarvikivi et al. (2005), Kaiser (2003) for Finnish and Hoffman (1998) and Turan (1998) for
Turkish. However, in their eye-tracking experiments, Jarvikivi et al. (2005) tested for differ-
ences between subjecthood and first-mention effects, and not linear order. In a similar vein,
the effects of LO, first-mention and topicalization potentially overlap and interact in the other
studies. The present study avoids the interference of first-mention or topicality effects with
LO, and the lack of LO effects found in the present study might suggest that LO effects pre-
viously reported in the literature could be due to these interfering factors. Future research on
e.g. topicalization in German etc., will show whether this tentative suggestion is on the right
track and holds cross-linguistically.

However, testing anaphoric preferences with scrambling in the German Mittelfeld also
faces several potential problems. First, scrambling in German is marked and infrequent. Sec-
ondly, scrambling is restricted to specific discourse contexts. In particular scrambling of ob-
jects across subjects is a marked and infrequent reordering option in German. Hence, it could
be that linear order effects in this study are affected or even masked by the frequency bias
against scrambling. While it is difficult to isolate the effects of frequency, there is some ev-
idence that frequency does not modulate linear order preferences in pronoun resolution with
respect to the German Mittelfeld. In a corpus study on NP order using the NEGRA 1I cor-
pus that consists of about 20.000 written sentences, Kempen and Harbusch (2003) report that
there are huge frequency differences between accusative-initial and dative-initial orders com-
pared to nominative-initial orders of full NPs in the German Mittelfeld. Compared to 513
nominative-accusative (i.e. su-do) orders, there is only one case of an accusative-nominative
(do-su) order, for dative-marked indirect objects, there are 20 cases of dative-nominative (io-
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su) orders compared to 43 nominative-dative (su-io) orders. This corresponds to a ratio of
roughly 1 to 500 for do-su orders and roughly 1 to 2 for io-su orders. If frequency differences
of scrambling affected linear order effects in pronoun resolution, we would thus expect to see
a concomitant difference in anaphoric preferences between the su-do and the su-io conditions.
Yet, the figures in Tables 1 & 2 demonstrate that there is no such difference between condi-
tions. Moreover, Kempen and Harbusch (2003) note that, for ditransitive verbs, i0-do orders
by far outnumber do-io orders in the corpus (14 to 3). However, anaphoric preferences do
not shift depending on NP ordering in the do-io condition (see Table 2). Consequently, we
conclude that frequency differences of NP order in the German Mittelfeld do not modulate
pronoun resolution preferences and thus cannot account for the lack of LO effects attested in
this study.

As for the discourse requirements, scrambling in German is felicitous only in particular
discourse contexts, namely those in which the scrambled constituent denotes given informa-
tion. This requirement on scrambling was met in the present study in that all relevant NPs
were given in preceding discourse contexts as in previous studies (Scheepers, Hemforth, and
Konieczny, 2000). This way, information-structural differences between these NPs were neu-
tralized, so that the effects of word order could be isolated. The prototypical case of Mit-
telfeld scrambling, however, is arguably when a given object NP fronts across an information-
structurally new (and focussed) constituent (Miiller, 1999). In future research, it would be
interesting to vary the information-structural contexts of ambiguous pronouns systematically
to test for potential interactions between word order and information structure in anaphor res-
olution.

Ideally, experimental psycholinguistic studies on pronoun resolution as this one should be
supplemented by corpus research to determine whether the same factors mandate anaphoric
preferences in comprehension and naturalistic production. However, the multitude of potential
relevant variables that need to be controlled for in conjunction with the rarity of scrambling in
German will most likely lead to problems of data sparseness. Worse still, identifying the exact
properties of contexts in a natural language corpus is difficult and subject to inter-annotator
variation. In future research, we hope that these problems can be overcome so that we gain a
more comprehensive understanding of pronoun interpretation.
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Abstract

Psycholinguistic experiments show that pronouns tend to be resolved differently de-
pending on whether they occur in main or subordinate clauses. If a pronoun in a subordi-
nate clause has more than one potential antecedent in the main clause, then the pronoun
tends to refer to the antecedent which has a certain thematic role (depending on the verb
and on the subordinating conjunction). In contrast, pronouns in main clauses tend to refer
back to the subject of the previous main clause, and this tendency is not affected by any
verbs or conjunctions. In natural language processing, these findings have recently led to
a proposal that pronoun resolution systems should have a split architecture, i.e. that they
should use different mechanisms for pronoun resolution in the two cases.

With the help of two parsed and coreference-annotated corpora, this paper estimates
the impact of the split-architecture proposal. The findings of this work are as follows: (1)
Subject pronouns in authentic texts behave the same way in main and subordinate clauses.
(2) The number of sentences in which a split architecture would behave differently than a
system that treats both cases the same way is close to zero. Therefore, a separate treatment
of resolution within and across units is unlikely to improve the performance of any sys-
tem. This result casts a doubt on the split-architecture proposal, and more generally on
approaches that directly incorporate psycholinguistic results into performance-oriented
algorithms for anaphora resolution without assessing the relative importance of the phe-
nomena that underlie them.

1 Introduction

Both in natural language processing and in psycholinguistics, the resolution of pronouns has
long been a center of attention.

Computational approaches have ranged from purely syntax-oriented treatments (Hobbs,
1978) to work in the framework of centering theory (Joshi and Kuhn (1979); Kehler (1997);
Joshi et al. (to appear)) to analyses based on statistical methods (e.g. Ge, Hale, and Charniak,
1998) and genetic programming (Orasan et al., 2000).

Psycholinguists have studied the processes involved in human anaphora resolution. Seem-
ingly contradictory results were obtained in experiments by Stevenson et al. (2000) and Hudson-
D’Zmura and Tanenhaus (1998). Stevenson et al. (2000) reports that the choice of verbs in a
clause affect the interpretation of pronouns in subsequent subordinate clauses. Certain argu-
ments of the verb (depending on the verb and on the conjunction between the clauses) are
more likely to act as antecedents than others. This can be seen in the following minimal pair:

(D) a. Ken; admired Geoff so he;...

b. Ken impressed Geoff; so he;...
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Although the pronoun /e is ambiguous in these sentence fragments, subjects of a sentence
completion experiment preferred to resolve it in both cases as indicated, that is, they coindexed
it with the experiencer of the verb. Thus, this experiment seems to show that antecedents are
preferred based on their thematic roles and not on their subjecthood.

Hudson-D’Zmura and Tanenhaus (1998) report experiments that seem at first sight to con-
tradict this finding. When participants were presented with the following sentences (without
indexings) and asked to judge the continuations for naturalness, they strongly preferred the
subject interpretation shown in (2a).

) Max; despises Ross;.
a. He; always gives Ross; a hard time.

b. He; always gives Max; a hard time.

Crucially, this tendency was unaffected by the thematic role of the subject. In the previous
example, the subject was the experiencer, while in the following example, it is the agent. Yet
participants still favored the subject interpretation, shown in (3a).

3) Jack; apologized profusely to Josh;.
a. He; had been rude to Josh; yesterday.
b. He; had been offended by Jack;’s comment.

To the extent that this experiment is comparable with the previous one, it seems to show
exactly the opposite tendency: that antecedents at least of subjects are preferred based on their
subjecthood (a preference known as subject-to-subject parallelism) and not on their thematic
roles.

One way of making sense of this contradiction is to assume that there is a distinction be-
tween pronoun resolution within a main clause and its subordinate clauses on the one hand and
pronoun resolution across main clauses on the other hand. A sentence-completion experiment
by Miltsakaki (2002), henceforth Miltsakaki, confirms this hypothesis (see also Miltsakaki,
2003). She reports a strong preference for the following coindexings:

“4) a. The groom; hit the best man; violently. However, he;...

b. The groom; hit the best man; violently although he;...

This minimal pair exhibits subject-to-subject parallelism in the case of two main clauses
(4a), but not in the case of a main and a subordinate clause (4b). In the latter case, the main
clause verb hit seems to focus its experiencer the best man and thereby to make it more likely
to be an antecedent. (From here on, following Miltsakaki, I will refer to pronouns which are
located in a dependent (subordinate) clause with respect to the clause of their antecedent as
intrasentential. Pronouns whose antecedent is located in a different main clause will be called
intersentential. This case includes clausal conjunction. For example, in the sentence “John
loves Mary and she loves him”, both pronouns are intersentential, because their antecedent is
located in a different main clause.)

2 Miltsakaki’s model

Miltsakaki’s anaphora resolution architecture models this split behavior. In her model, entities
inside main clauses are ranked in two different ways: according to grammatical function for the
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purposes of resolution across main clauses, and according to semantic focusing preferences for
resolution within a main clause and its subordinate clauses. These preferences are determined
lexically by the main verb and by discourse connectives (i.e. subordinating conjunctions).
Whenever a pronoun occurs inside a subordinate clause and there is no compatible potential
antecedent inside that clause (for example because the pronoun is a subject), the pronoun is
resolved to the most highly ranked available candidate, if any, inside the main clause as defined
by semantic focusing preferences. In a second step, pronouns that could not be resolved so far
are matched against candidates from the previous discourse unit, this time ranked according
to grammatical function. Thus, the preferred reading in (2) as well as in (4a) will be obtained
because pronouns will first be resolved to the subject (highest ranked in terms of grammatical
function), whereas in the case of (4b), the pronoun is resolved to the expression the best man
(highest ranked in terms of semantic focus).

Both the tendency of certain verbs to promote one of their arguments as a potential an-
tecedent and the tendency for subject pronouns to resolve to subject antecedents have been
previously observed in the literature on anaphora resolution.

e In the natural language processing (NLP) literature, Mitkov (1997) observes the ten-
dency of certain verbs to promote their objects, which he calls “verb preference”. In
contrast to Miltsakaki, however, he regards this as only one of several preference factors
influencing pronoun resolution. — Psycholinguistic studies of activation of antecedents
by implicit causality verbs, a closely related phenomenon, are cited in McDonald and
MacWhinney (1995).

e The subject-to-subject parallelism is explicitly modeled in several centering-based algo-
rithms, such as Left-to-Right Centering (Tetreault, 1999) or the RAFT/RAPR algorithm
(Suri and McCoy, 1994). Again, Mitkov (1997) cites this as just one of several fac-
tors. — In psycholinguistics, the tendency of the first element of a sentence (which, in
English, generally coincides with the subject) to influence subsequent pronoun resolu-
tion has been called the "advantage of first mention" (see McDonald and MacWhinney
(1995) for references).

However, Miltsakaki is the first to suggest, based on the dichotomy in the findings de-
scribed above, that a separate treatment of intra- and intersentential resolution is appropriate
for the purpose of anaphora resolution.

While the results of the psycholinguistic experiments described above are beyond doubt,
it is less clear how, if at all, the performance of a pronoun resolution algorithm would be
improved by redesigning it along the lines of Miltsakaki’s proposal. In other words, the re-
ported effects are undoubtedly true, but are they relevant to natural language processing? More
generally, how can and should results obtained in psycholinguistics be incorporated in the de-
velopment of applications whose goal is to improve system performance?

In the remainder of this paper, I investigate the relevance of Miltsakaki’s two-way model
in two corpus-based experiments. It is shown that pronouns found in corpora do not exhibit the
kind of split behavior you would expect from them based on Miltsakaki’s model. Furthermore,
the corpora are analyzed in detail to show that the number of sentences in which semantic
focusing properties can apply is very low and thus Miltsakaki’s algorithm is not going to
increase the performance of anaphora resolution algorithms more than marginally. I conclude
by a brief discussion of the role of psycholinguistic results for anaphora resolution in natural
language processing.
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3 Experiments

In order to assess the extent to which overall pronoun resolution could be improved by Milt-
sakaki’s proposal, two parsed and manually coreference-annotated corpora from different do-
mains were used. Both corpora are subsets of the Penn Treebank (Marcus et al., 1993). The
first corpus is a collection of the Wall Street Journal articles 1 to 199 (about 94,100 words in
total); the second corpus consists of three fictional texts taken from the Brown corpus section
of the Penn Treebank (about 8,700 words). From the standpoint of anaphora resolution, the
major difference between the two corpora is the abundance of /e and she tokens in the fictional
corpus. By contrast, it is the most frequently mentioned pronoun in the Wall Street Journal
corpus.

A list of all pronoun-antecedent pairs from the corpora was automatically extracted. In
case the pronoun had multiple antecedents (i.e. when the corresponding discourse entity had
been mentioned several times), only the last one (the closest to the pronoun) was recorded as
its antecedent. Each pronoun or antecedent extracted from the Wall Street Journal subcorpus
was identified as subject or nonsubject. (Due to poor quality of annotation, subjects could
not be identified in the Brown subcorpus.) Finally, for each pronoun-antecedent pair it was
recorded whether it was located in the same clause, in two different clauses but in the same
sentence, or in two different sentences.

(Technical note. Two coindexed expressions occurring in the same sentence were counted
as interclausal if and only if there existed an SBAR node that dominated one but not both of
them. In the Penn Treebank annotation, SBAR nodes identify most finite subordinate clauses.
I did not consider other subordinate clauses. This is in part guided by Miltsakaki’s working
assumption (p.c.) that only the boundaries of finite subordinate clauses should be relevant for
her algorithm. Moreover, among those subordinate clauses that are not identified by SBAR
nodes, many are instances of inverted direct speech (identifiable by SINV nodes), and like
many others, Miltsakaki’s algorithm does not make provisions for resolution in connection
with quoted texts.)

3.1 Experiment 1

In a first experiment, I determined how often a subject pronoun refers to an antecedent that
is also a subject, depending on whether they are inter- or intrasentential. (More precisely, I
determined how often the nearest clause that mentions the referent of a pronoun mentions it at
least in the subject. This formulation filters out irrelevant factors such as parentheticals: For
example, we regard the sentence “[John Doe];, [vice chairman of XYZ Co.];, announced that
he; would resign” as a case of (intrasentential) subject-to-subject parallelism even though the
subject of the main clause is strictly speaking not the closest antecedent of the pronoun.)

Since Miltsakaki suggests a separate treatment for intra- and intersentential pronoun reso-
lution, a difference in behavior would indicate that her separate treatment is on the right track.
More precisely, since the intersentential component of Miltsakaki’s algorithm tries to resolve
subjects to subjects but the intrasentential component does not have that preference, her ap-
proach would be validated if intersentential pronouns in subject position resolved more often
to subjects than intrasentential pronouns did.

For this experiment, the set of pronouns was restricted to he, she, it and they, since these
are the only pronouns that can occur as subjects of finite clauses and this experiment dealt
specifically at subject pronouns. (In addition, I, we, you and possessive pronouns were ex-
cluded because it is not clear whether Miltsakaki intends these pronouns to fall into the scope
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of her algorithm.) The results of this experiment are shown in Table 1. Again, note that the
Brown subcorpus could not be included in this experiment.

Intersentential subject pronouns
Antecedent is a subject: 682 instances (85%)
Antecedent is not a subject: 123 instances (15%)

Intrasentential subject pronouns
Antecedent is a subject: 179 instances (87%)
Antecedent is not a subject: 26 instances (13%)

Table 1: A comparison of pronouns which are subjects with respect to subjecthood of their antecedents.

As can be seen, subject pronouns uniformly tend to resolve to the subject of the clos-
est clause that mention their discourse referent at least once. There is no significant differ-
ence between intra- and intersentential pronouns. This result is in contrast with Miltsakaki’s
split model of pronoun resolution, and it suggests that at least for applications dealing with
newspaper-style texts, it may not be necessary to treat intra- and intersentential pronouns dif-
ferently as Miltsakaki suggests, since most of them tend to be resolved to subject position
anyway.

In this experiment, all subject pronouns in the Wall Street Journal corpus have been con-
sidered, as opposed to considering only pronouns in contexts that are comparable to the psy-
cholinguistic experiments described above. Therefore, while the result does show a tendency
to foreground certain discourse referents by placing them in subject position again and again,
it neither confirms nor disconfirms a possible tendency of subject pronouns to refer back to
subjects as opposed to other potential antecedents.

For example, it may be the case that most of the intersentential pronouns resolve trivially
to the subject of the main clause, as there is simply no other grammatically compatible can-
didate available in the clause. Under this hypothesis, semantic focusing preferences would
hardly ever have to be applied, and their application would be undetectable from the previous
experiment. Another possibility is that semantic focusing preferences do apply often, but they
happen to rank the subject highest in most cases. Since semantic focusing preferences are
determined by lexical properties of individual verbs, it would then be conceivable that in other
text genres more verbs are used which tend to rank the subject lower. Thus, the question arises
how often the application of semantic focusing preferences would really make a difference, as
opposed to a straightforward resolution procedure operating without focusing preferences.

3.2 Experiment 2

To answer this question, the following experiment was carried out. For each of the two corpora,
those anaphoric pronouns were isolated for which semantic focusing properties actually had a
chance of picking out one potential antecedent over another. Miltsakaki claims that this is only
the case for pronouns in subordinate clauses whose closest antecedent occurred in the clause
on which that clause was dependent. The corpora were filtered accordingly.

For this experiment, nonsubject pronouns were included, since Miltsakaki intends the split
resolution algorithm to apply to those as well. Again, since it is not clear if I, we, you and
possessive pronouns are supposed to fall in the scope of her algorithm, they were excluded.
This means that the following pronouns were considered: he, she, it, him and objective case
her (as opposed to possessive case her, which is exemplified by Mary is looking for her purse.)

All sentences in which there was only one grammatically compatible potential antecedent
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in the relevant clause (and so semantic focusing preferences could trivially not apply) were
eliminated. Furthermore, all sentences were removed in which there was more than one com-
patible potential antecedent but they were not assigned different thematic roles by the verb
and so its focusing preferences could not have been used to disambiguate. This was the case
when two potential antecedents were nested, for example. The sorting and removal had to be
performed semi-automatically, as person, number, and binding constraints are not annotated
in the corpora.

In this way, only those sentences were retained in which Miltsakaki’s algorithm would
actually apply semantic focusing preferences during resolution. The result is as follows. Seven
sentences in total, containing eight relevant pronouns, were found. All of them were found in
the Wall Street Journal corpus. By comparison, this corpus contains 846 instances of the
pronouns under consideration. This means that on all except seven sentences (99% of the
corpus), Miltsakaki’s split-architecture resolution algorithm will yield exactly the same results
as an otherwise equal algorithm that ignores semantic focusing preferences. In other words,
if the corpus is representative, then the maximum improvement we can expect from switching
to an architecture that takes semantic focusing preferences into account is around one percent.
Since focusing preferences are likely to often coincide with subject-to-subject parallelism, the
real number is likely to be even lower.

(Two reviewers are worried that we might be drawing conclusions based on a very small
amount of evidence, i.e. seven examples, and that more examples should first be collected. But
the very fact that almost no examples could be found is the main result of this experiment.)

A note of caution: The corpora are annotated for coreference, but not for potential an-
tecedents. If a discourse referent is referred to at least twice (for example, by two definite
descriptions, or by a definite description and a pronoun), then the two referents are marked as
coreferential and can be assumed to be potential antecedents to other pronouns. But discourse
referents which are only mentioned once are not marked as potential antecedents. They are
merely marked as NP (noun phrase). However, it is not possible to simply assume that the set
of NPs and the set of potential antecedents are equal, because not all entities which the corpus
annotation considers NPs are potential antecedents:

(5) John does not see a car;. #It; is blue. (von Heusinger, 2000)

(6) #Today;’s notes will be posted online after it; is over.

For this reason, only those NPs which are annotated as coreferential could safely be con-
sidered potential antecedents for the purposes of this experiment. Therefore, an unknown
number of “critical sentences” (sentences that contain a pronoun for which semantic focusing
preferences will have the chance to apply) may have been missed. Identifying all potential
antecedents in the corpus by hand is beyond the scope of this paper. Unfortunately, I am not
aware of any parsed corpora in which all potential antecedents, as opposed to just the coref-
erential noun phrases, have been annotated and on which the experiment could be therefore
carried out with greater accuracy.

An upper bound on this error has been estimated by eyeballing the data. An informal count
performed on a 500-word sample, taken at random from one Wall-Street-Journal file, identified
114 potential antecedents, of which 81 (71%) were annotated as coreferential with some other
noun phrase and were therefore visible to this experiment. If we assume the number of “critical
sentences” to be roughly proportional to the number of potential antecedents, it can therefore
be cautiously estimated that the number of “critical sentences” that were missed by the above
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procedure is less than one third of the actual number. In other words, if the estimate is correct,
there might perhaps be around 11 or 12 such sentences in the corpus, but not a lot more.

Taken together with the results of the previous experiment, this suggests that least in the
newspaper and fictional genres, focusing preferences are of limited relevance as a factor in
pronoun resolution.

4 Conclusion

While psycholinguistic experiments may seem to suggest that two different mechanisms are
responsible for pronoun resolution within and across sentences, these experiments have con-
sidered a type of sentence that appears to occur very rarely in actual texts, if at all. The al-
gorithm described in Miltsakaki (2002) may model human preferences in anaphora resolution
acccurately when running on a certain set of restricted cases, but its most important feature — a
separate treatment of intra- and intersentential pronouns — is unlikely to result in a significant
improvement in performance.

It has to be stressed that these results are preliminary and a larger corpus study would be
necessary to confirm them, preferably one that involves corpora from more varied domains
than those used here. Note, too, that not all potential antecedents have been annotated in the
corpora used here. Therefore, as explained above, the number of sentences in which semantic
focusing preferences apply may be larger than what is reported here. However, if it were much
larger, we would expect this to result in a marked difference in the frequency of subject-to-
subject parallelism within as opposed to across clauses. This has been shown not to hold for
the present corpus.

The identification of (abstract) thematic roles is a hard task. It is notoriously difficult to
assign thematic roles consistently even by hand, let alone to build a system that identifies them
(see e.g. Thompson et al., 2003). The focusing preferences of verbs could perhaps be restated
in terms of more easily identifiable features such as grammatical function. However, no wide-
coverage investigation has yet been carried out on whether focusing preferences are predictable
from more easily obtainable features. For this reason, it is a welcome result that a unified
treatment of pronouns within and across sentences seems possible. The simple heuristics
of subject-to-subject resolution suggested by Miltsakaki (2002) and others for intersentential
pronouns can likely be applied to intrasentential cases without any significant loss of accuracy.

The present study can of course not answer the general question of psycholinguistic results
for preferences in anaphora resolution should be handled in performance-oriented algorithms.
While psycholinguistics can bring attention to hitherto unknown anaphora resolution factors in
the sense of Mitkov (1997), evaluating actual resolution systems is the only way to know how
the best use can be made of these factors. As an example, see Mitkov (1997) for a comparative
evaluation of two approaches based on the same set of factors.

Nevertheless, the present work has shown one way of how psycholinguistic results, specif-
ically the ones cited, should not be handled: Directly implementing the semantic focusing
preferences of verbs, as proposed by Miltsakaki, can require resources that are difficult to
obtain (such as automatic semantic role labeling), while it seems unlikely that the overall per-
formance will be affected at all. Speaking generally, corpus studies like the present one are a
convenient tool of estimating the impact that a new anaphora resolution factor is likely to have
on overall performance while avoiding the need and cost of implementing and evaluating the
factor in an actual system.

Finally, the results described here make it necessary to rethink what we believe to be
the function of phenomena we model by abstractions like subject preference, centering rules,
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or semantic focusing of thematic roles. They are sometimes (see e.g. Hudson-D’Zmura and
Tanenhaus, 1998, for centering rules) seen as strategies that readers or listeners unconsciously
apply in order to constrain the interpretation process and in this way control inferential com-
plexity. That is, since the strategies highlight certain entities as more likely antecedents, pro-
noun resolution is made easier. But if the cases in which this can happen are in practice very
rare, then the overall reduction in processing load is very small, and phenomena like semantic
focusing would be very inefficient strategies. They should then perhaps better be assumed to
be epiphenomena of some more general, unknown processes, and their relative importance
should be reassessed (contra e.g. Stevenson et al., 2000, p. 226: “Pronoun resolution is pri-
marily determined by focusing...”). This would essentially mean that why we are so good at
real-time pronoun resolution, and how we manage to reduce our inferential load most of the
time when we do it, becomes an open question again.
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ABSTRACT

Accessibility hierarchies (Ariel, 1990, 2001; Givon, 1992; Gundekdbérg, &
Zacharski, 1993) assume that the form of anaphoric expressioassdige relative saliency
of the antecedent. We argue that the form of relative pronoursative clauses has a
similar function and therefore influences attachment prefeeen@e conducted two
guestionnaire experiments in which we investigated whethechatent preferences for
ambiguous relative clauses are affected by the type ofweelg@tionoun that is used.
Experiment 1 showed a difference in attachment preference betgueeand lequel
indicating that the form of the relative pronoun affects atta&cttirpreferences. Experiment
2 demonstrated that the difference observed in Experiment 1 isuadibddifferences in
informativity betweenqui andlequel suggesting that instead, it is due to a difference in
markednessgui is more frequent and shorter).

INTRODUCTION

Many functional linguistic theories assume that the form ofplaoac expressions
signals how accessible their antecedent is (e.g., Ariel, 1990, £0dn, 1992; Gundel,
Hedberg, & Zacharski, 1993). These accessibility theoriemdlat anaphoric expressions
can be ranked according to the accessibility of the antetéus they tend to refer to. For
example, pronouns signal that the antecedent is highly accessibleasvheusm phrases and
names signal that the antecedent is relatively inaccesditdnce, pronouns are ranked
higher on the accessibility hierarchy than noun phrases and names gbtarally, short
anaphoric expressions that provide little semantic and syntafdienation tend to be high
on the accessibility hierarchy, whereas longer expressionsahngin more information
about their antecedent tend to be low on the accessibility hierarchy.

Most evidence for accessibility hierarchies comes fronpus studies, which show that
in conversations and texts, people tend to use anaphoric expressibaset high on the
accessibility hierarchy when referring to very accessible antetedrit expressions low on
the hierarchy when referring to antecedents that are indglee@Sivon, 1992; Gundel et
al., 1993). For example, Gundel et al. (1993) analysed the distribditilifienent anaphoric
expressions and observed that pronouns were more frequently used when the anteseden
in focus and therefore highly accessible, whereas definite ploaises were mostly used to
refer to uniquely identifiable antecedents that were not in focus.

Accessibility hierarchies also receive support from m@dstudies. In a series of
experiments, Gordon and colleagues (Gordon, Grosz, & Gilliom, 1993; Gordohad,
1995) have shown that names are harder to process than pronouns wirefethiegck to
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an antecedent name that is the subject of the preceditgnsenThis effect has been
dubbed theaepeated name penaltfhe repeated name penalty is affected by the syntactic
role of the antecedent noun phrase: When the antecedent nadieeid abject, the penalty
is much reduced. The repeated nhame penalty effect has been dakapportcentering
theory, a computational theory accounting for coherence in texts (Gdushi, &
Weinstein, 1983, 1995). More generally, it provides support for thetlidedhe preference
for a particular anaphoric expression is affected by thensglief the antecedent. When the
antecedent has the syntactically highly salient role of sylgacanaphor that is high on the
accessibility hierarchy such as a pronoun is easier to pro@sa name, which is low on
the hierarchy. But when the antecedent is a direct objecthardfdre less salient, the
processing advantage for pronouns relative to names disappears.

An interesting question is whether relative pronouns can alsoaibked on the
accessibility hierarchy. As suggested by the term relaigaoun they can be considered
to be a type of anaphor. This idea is consistent with Hemfidhieczny, and Scheepers
(2000), who argued that the processing of relative clauses (Ri€efbeh) involves both
syntactic attachment of the RC into the preceding tree structure gotibaicadinding of the
relative pronoun. If this is true and relative pronouns indeedvbesianilarly to personal
pronouns, we expect that relative pronouns also signal how aceetbslyl antecedent is.
This should have an effect on how people process ambiguous RCs gaghvwadsch have
been investigated in much psycholinguistic research.

(1) The journalist interviewed the daughter of the colonel who had had the accident

A number of studies have shown that in English, theaRG had had the accidemt (1)
is preferentially interpreted as modifying the second noun phidB& henceforththe
colonelrather tharthe daughte(NP1) (e.g., Carreiras & Clifton, 1999; Cuetos & Mitchell,
1988), while other studies suggest that there is no strongrgmeée for either analysis
(Carreiras & Clifton, 1993; Traxler, Pickering, & Clifton, 1998his is consistent with the
late closure principle (Frazier, 1979, 1987), which claims thaamhigiguous RC should be
attached as low as possible into the preceding tree struahdes also compatible with a
recency principle, which predicts that it should be attddbethe most recent phrase (e.g.,
Gibson, Pearlmutter, Canseco-Gonzalez, & Hickok, 1996; Stevensor), B9%bntrast, in
languages such as French, Spanish, German, and Dutch, there isempecher attachment
to NP1. There has been much debate about the reasons behind Lthatt&tfiment
preference in these languages and the reasons behind thargoissid differences. One
possibility, suggested by Mitchell, Cuetos, Corley, and Brysbdd&®5) is that NP2
attachment is more frequent in English, whereas NP1 attacluoemts more frequently in
languages such as Spanish and Dutch. By contrast, Frazier aoth Cl®96) argued that
pragmatic principles affect RC attachment differently ifiedént languages, while Gibson
et al. (1996) argued that recency, which favours attachment tod$terecent noun phrase
(NP2 in 1) and predicate proximity, which favours attachment to the dfetne predicate
(NP1) have different weights in different languages. Finalmforth et al. (2000) claimed
that in languages like German and Spanish, relative pronouns aessed like personal
pronouns and are therefore preferentially interpreted as aemefgith the most salient NP,
that is, NP1. By contrast, in English, relative pronouns are oftatieonor generalised
complementisers tifat), so the parser relies more on syntactic processing stmategie
favouring NP2 attachment.

The current study did not aim to distinguish between the diffettesdries of RC
attachment, but instead, it aimed to investigate whether the dbrthe relative pronoun
affects RC attachment preferences. Until now, none of the thebas considered the
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possibility that the type of relative pronoun might affect [R@cessing, and no studies have
addressed this question. However, if accessibility hierarchmseralise to relative
pronouns, we expect that attachment preferences for ambiguoushBdd be affected by
the type of relative pronoun: RCs with relative pronouns thatakig highly accessible
antecedent should preferentially attach to the most acceshlevhereas this preference
should be less strong for RCs with relative pronouns that signal a lessiblecantecedent.

In order to investigate the influence of relative pronouns oraRthment preferences,
we will compare two types of relative pronouns in French. It has demonstrated (Zagar,
Pynte, & Rativeau, 1997) that in sentences like (2) containipg RC, readers of French
prefer to attach the RQui sembilait plus confiartb I'avocat (NP1 attachment) rather than
to la chanteuséNP2 attachment).

(2) Un journaliste aborda I'avocat de la chanteuse qui semblait phmiant. (A journalist
approached the barristgrsc of the singafzy who seemed more confidgkys)

However, French also has a different type of relative pronoun, naeaeielor laquelle
Lequelandlaquellemay be lower on the accessibility hierarchy tqanbecauséequeland
laquelleare more marked, that is, they are phonologically longeresmsdftequent thaqui.
Furthermorelequelandlaquelle are marked for gender and number, so they are also more
informative thanqui, which does not have gender and number marking. Both factors may
affect the position of the relative pronoun on the accessibikatchy (Ariel, 1990, 2001).
Therefore, RCs witlequelor laquelleshould be attached to less accessible NPs. Therefore,
RCs withlequel or laquelle should be attached to less salient NPs. Assuming that NP1 is
most salient, this predicts that in a sentence like (3), reati@uld make a local attachment
to NP2 more frequently, resulting in a less strong NP1 attachpnefdrence than iqui
RCs.

(3) Un journaliste aborda l'avocate de la chanteuse, laquelle semblait quqoBante.(A
journalist approached the barristgsy, of the singefy who seemed more confident)

EXPERIMENT 1: QUI VS. LEQUEL/LAQUELLE

The purpose of Experiment 1 was to test whether the typdatifzecpronoun affects RC
attachment in French. We compamga (1) andlequel/laquelle(2) in non-restrictive RCs
following a ‘NP1 of the NP2’ structure. The accessibiligc@unt predicts thafjui RCs
should preferentially attach to the most accessible NP (peddurNP1, e.g., Zagar, Pynte,
& Rativeau, 1997), but this preference should be weakeleéprel/laquelleRCs. This is
becauseayui is less marked and less informative tiheguel/laquelle soqui should refer to
more accessible antecedents (Ariel, 1990).

METHOD

Participants Fifty-six undergraduates at Lyon 2 Lumiére University
participated in the experiment as part of their courses. Al wative speakers of
French.

Materials and procedure Thirty-two sets of experimental sentences were
constructed in two versions, one wghi RCs (4), and one with the relative pronoun
lequelor laquelle(5).
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(4) Je connais le pére du macon, qui est amugaknow the fathegp; of the masaog,
who is funny

(5) Je connais le pere du macgon, lequel est amugiaentical meaning)

Each experimental trial consisted of a sentence such an(3)4) followed by two
statements, one consistent with the NP1 attachment interpnef@itie father is funrjyand
one consistent with NP2 attachmemh¢ mason is funjyParticipants were instructed to
tick the option that was ‘most correct’. NP1 and NP2 wertecheal for gender, length and
number of syllables.

Prior to the experiment, we conducted a pretest to ensur¢hth®C was not biased
toward NP1 or NP2. Twenty participants, none of whom took paBxperiment 1, were
asked to rate on a seven-point scale the plausibility ¢érsemts consistent with NP1
attachment and NP2 attachment. For the 32 sentences thaewotedelhere was no overall
preference for either NP1 (5.83) or NP2 (5.95) attachment.

Two lists were constructed using a between subjects desigtisbpeesentedjui RCs,
the otherlequel/laquelleRCs. The experiment lasted about 20 minutes. The order of
statements was counterbalanced for the two lists. The questianmare run in large
groups of participants.

RESUL TS AND DISCUSSION

We conducted two ANOVAs on the percentages of NP1 attachesminses, one with
subjects 1) and one with itemsH2) as the random variable. The ANOVAs contained
condition Qui vs.lequel/laquell¢ as a between subjects and within items variable. Figure 1
presents the mean percentage of NP1 attachment by condition.stilie showed that for
qui RCs, participants strongly preferred NP1 (87.2% of trials),Hisifpreference was much
weaker (70.6%) wittequel/laquelleRCs. The percentage of NP1 attachments differed from
chance in both thqui RCs £1(1,27) = 17.70; p < .0JF2(1,31) = 26.51p < .01) and the
lequellaquelleRCs F1(1,27) = 4.40p < .01;F2(1,31) = 12.64p < .01). Most important,
the difference between conditions was significant both byest®E1(1,54) = 9.01;p <
.01) and itemsK2(1,31) = 4.73p = .04).

100% 1

90%

H

80%

70%

60%

50%

40%

Qui Lequel

Figure 1: Mean NP1 attachments (%)

EXPERIMENT 2: A QUI VS AUQUEL

Qui may be higher on the accessibility hierarchy tleyuellaquelle because (1jjui is
less marked thatequellaquelle that is,qui is phonologically shorter and more frequent
than lequellaquelle and (2) becausqui is less informative thatequellaquelle that is,
lequellaquelle are marked for gender and number, wherpass not. Ariel (1990, 2001)
argued that both factors may affect an anaphor’s position orctiessability hierarchy, so
both factors may affect RC attachment preferences.
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The goal of Experiment 2 was to test whether the differem@tachment preferences
we found in Experiment 1 were due to a difference in markedndassdiequi and
lequellaquelleor due to a difference in informativity betwegui andlequellaquelle In the
current experiment, we controlled the relative pronouns for phomalodgéngth by
comparing dative RCs containing eitiequi or auquel These relative pronouns are also
more similar in frequency thagui and lequellaquelle in Experiment 1. However, they
differ in informativity: auquelis marked for gender (masculine) and number (singular),
whereasa quiis not. Hence, ifi quiandauquelRCs have different attachment preferences,
this must be due to the difference in informativity. By conjridsthey have the same
attachment preferences, this suggests that the differenadtachment preference in
Experiment 1 was due to a difference in markedness (lengtHfraqdency differences
betweemui andlequellaguelle.

METHOD

Participants Twenty-four participants from the same population took part in
this experiment. None had participated in Experiment 1 or the pretests.

Materials and procedure The method and design were similar to those in
Experiment 1. On the basis of norms from a plausibility pre@&tparticipants,
same procedure as the pretest in Experiment 1), we sel&Zteentences that did
not differ in plausibility between conditions (NP1, 4.87; NP2, 4.91). Sentences
contained eithea qui (6) orauquel(7).

(6) Je connais le collégue de I'étudiant, a qui la bibliothécaire apperterre. (I know
the colleague of the student, to whom the librarian is giving the book)

(7) Je connais le colléegue de I'étudiant, auquel la bibliothécaire applertévre.
(identical meaning)

We used the same fillers as in Experiment 1. Two ligiewonstructed using a between
subjects design.

RESUL TS AND DISCUSSION

As in Experiment 1, we conducted analyses by subjects andadtethe percentages of
NP1 attachment responses with the variable condition as adresubjects and within
items variable. Figure 2 presents the mean attachmentegmweéeby condition. The mean
percentages of NP1 attachment were high (Figure 2) bothawdghi (87.6%) andauquel
(85.3%). The percentage of NP1 attachments differed from cliangei RCs F1 (1, 11) =
10.05;p < .01;F2(1,31) = 10.52p < .01) as well aauquelRCs F1(1,11) = 4.56p < .01;
F2(1,31) = 22.32p < .01). No significant difference between the two conditioas feund
(Fs < 1): Participants chose NP1 equally often waitigjuelRCs as witta qui RCs.

100%
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80%
70% -
60% -
50%

40%

A qui Auquel

Figure 2: Mean NP1 attachments (%)
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The results of Experiment 2 demonstrate that the differentcgdrmativity betweera
gui andauqueldid not contribute to differences in attachment prefererais. suggests
that the difference observed in Experiment 1 must be due téeeedite in markedness. The
position of the relative pronoun on the accessibility hierarchy is thugeadfbg markedness
rather than informativity.

GENERAL DISCUSSION

Two experiments investigated whether and how RC attachmertgnees are affected
by the form of the relative pronoun. Experiment 1 showed a strong N&dhragnt
preference when the relative pronoun was but this preference was much reduced when
it waslequelor laquelle This result provides support for the idea that relative proncams ¢
be ranked on the accessibility hierarchy. Relative pronouns sucjuiasignal highly
accessible antecedents, and are therefore preferentiadhprigted as referring to NP1,
whereas relative pronouns suchleguelandlaquellesignal less accessible antecedents, so
the preference for NP1 attachment is less strong.

An important question is what factors determine a relatiemgun’s position on the
accessibility hierarchyLequel and laquelle are more marked thaqui, because they are
longer and less frequent thgni. But in addition, they are also more informative tioai)
because they contain gender and number marking. In Experimeng Zpnirolled for
markedness of the relative pronoun by contraslirgui andauquel (which are similar in
length and frequency), while manipulating informativity (genderramdber marking). The
experiment demonstrated thatiquel and a qui had similarly strong NP1 attachment
preferences despite the fact that they differ in informativiherefore, in Experiment 1, it
was markedness rather than informativity that contributed taliffexence in attachment
preferences. Hence, our experiments suggest that markedndbe oflative pronoun
(resulting from a low frequency of the relative pronoun and its length) affecfmosition of
the relative pronoun on the accessibility hierarchy, whereas infeityatoes not.

Our results have implications for both theories of anaphors artdnsenprocessing
theories. Relative pronouns appear to have properties thagirailar to those of other
anaphors such as personal pronouns. Similar to other anaphoige glahouns refer back
to an earlier introduced entity in the discourse. And like otmemphors, their form
influences how they are preferentially interpreted. Whenladive pronoun is unmarked,
that is, it is short and frequent, it signals a highly acbkssintecedent. But when it has a
marked form, it signals a less accessible antecedentefdhe unmarked relative pronouns
are preferentially interpreted as referring to the mosergahntecedent NP, whereas this
preference is less strong for marked relative pronouns. Of ¢cahisds not to say that
relative pronouns are similar to personal pronouns in all resp€isirly, syntactic
constraints on relative pronouns are different from constraints @mopns. For example,
unlike personal pronouns, relative pronouns must be in the samenceErds their
antecedent, and unlike personal pronouns, they cannot precede theidemités English.
However, this is not surprising: It is well-known that sytitaconstraints on personal
pronouns and noun phrase anaphors are also different (e.g., Chomsky, 1981t Reinhar
1983). What we would like to argue is that there are good argumeeiétieve that relative
pronouns belong to the class of anaphoric expressions and thairtdeessing is affected
by similar factors.

Our results have important implications for sentence proges$beories too, because
they showed that parsing preferences are affected by the fahm oflative pronoun. This
is difficult to reconcile with many sentence processing theoriesubedhey do not assign a
role to the form of the relative pronoun. For example, the gardenhmahyt(Frazier, 1979,
1987) predicts a preference for NP2 attachment due to the appliof the late closure
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strategy. This does not explain why French exhibits a NP1 attathpneference, and
furthermore, given that late closure is a purely syntacatitesfy, it does not explain why
attachment preferences are affected by the type of relatorsoun. Gibson et al. (1996)
argued that NP1 or NP2 attachment is preferred depending on whetlieate proximity
favouring NP1 attachment or recency favouring NP2 attachmehgistrongest parsing
constraint. This would explain the current results if it is agglthat recency is a stronger
constraint folequel/laquellethan forqui. However, there does not seem to be a principled
reason why this should be the case. Frequency-based accounts (e.gt, DesBeecke,
Drieghe, Brysbaert, & Vonk, in press; Mitchell et al., 1995 falightly better, because it
seems likely thatjui is used more often to refer to NP1 thaguel/laquelle But this raises
the question: Why do these production preferences occur? Actigss$itdories have an
answer to this. Language producers signal that the antecedemativae pronoun is highly
accessible by using an unmarked relative pronoun that is higle @ectkssibility hierarchy,
whereas they signal that the antecedent is relativalgcessible by using a marked relative
pronoun that is low on the hierarchy. The results from our two expesnshow that
comprehenders use these accessibility cues, and there@ferrithof the relative pronoun
affects the comprehension of RCs.

REFERENCES

Almor, A. (1999). Noun-phrase anaphora and focus: The informational |qgedhegis.
Psychological Review, 10848-765.

Ariel, M. (1990).Accessing noun-phrase antecedehtsdon: Croom Helm.

Ariel, M. (2001). Accessibility theory: An overview. In T. J. Mar®lers (Ed.)Text
representation: Linguistic and psycholinguistic asped®biladelphia, PA, USA: John
Benjamins.

Carreiras, M., & Clifton, C. (1993). Relative clause interpretatiorepeetes in Spanish

and EnglishLanguage and Speech, 353-372.

Cuetos, F., & Mitchell, D. C. (1988). Cross-linguistic differenicegarsing: Restrictions
on the use of the Late Closure strategy in Spa@isgnition, 30 73-105.

Chomsky, N. (1981) ectures on government and bindigprdrecht: Foris.
Desmet, T., Brysbaert, M., & De Baecke, C. (2002). The correspondeteeen

sentence production and corpus frequencies in modifier attach@eatterly Journal of
Experimental Psychology, 55879-896.

Frazier, L. (1979).On comprehending sentences: Syntactic parsing strateBie®.
Dissertation. Indiana University Linguistics Club. University of Coninatt

Frazier, L. (1987). Sentence processing: A tutorial review. InQdltheart (Ed.),
Attention and performance Xll: The psychology of readjpy 559-586). Hillsdale, NJ:
Erlbaum.

Frazier, L., & Clifton, C., Jr. (1996 onstrual Cambridge, MA: MIT Press.

Gibson, E., Pearlmutter, N., Canseco Gonzalez, E., & Hickok, G. (19@8enBy
preference in the human sentence processing mech&ugmition, 5923-59.

Givon, T. (1992). The grammar of referential coherence as memtadessing
instructionsLinguistics, 305-55.

Gordon, P. C., & Chan, D. (1995). Pronouns, passives, and discourse cohirenca.
of Memory and Languag84, 216-231.

Gundel, J. K., Hedberg, N., & Zacharski, R. (1993). Cognitive statdgranform of
referring expressions in discouré@nguage, 69274-307.

29



Gordon, P. C., Grosz, B., & Gilliom, L. (1993). Pronouns, names, and the certgring
attention in discours€ognitive Science,, 311-347.

Gosz, B. J., Joshi, A. K., & Weinstein, S. (1983). Providing a und@unt of definite
noun phrases in discourderoceedings of the 21Annual Meeting of the Association for
Computational Linguistic<Cambridge, MA.

Gosz, B. J., Joshi, A. K., & Weinstein, S. (1995). Centering: A framefeormodelling
the local coherence of discour§€smputational Linguistic®1, 203-225.

Hemforth, B., Konieczny, L., & Scheepers, C. (2000). Syntactic attathenel anaphor
resolution: The two sides of relative clause attachmerl. IdV. Crocker, M. J. Pickering,
& C. E. Clifton, Jr. (Eds.)Architectures and mechanisms for language procegppg259-
282). Cambridge, UK: Cambridge University Press.

Mitchell, D.C., Cuetos, F., Corley, M.M.B., & Brysbaert, M. (1995). Expesased
models of human parsing: Evidence for the use of coarse-graineXical) statistical
recordsJournal of Psycholinguistic Research, 249-488.

Reinhart, T. (1983)Anaphora and Semantic Interpretatio@hicago: University of
Chicago Press.

Stevenson, S. (1994). Competition and recency in a hybrid network mosghtattic
disambiguationJournal of Psycholinguistic Research, 285-322.

Traxler, M.J., Pickering, M.J., & Clifton, C. (1998). Adjunct attachitrie not a form of
lexical ambiguity resolutionlournal of Memory and Language, 358-592.

Zagar, D., Pynte, J., & Rativeau, S. (1997). Evidence for earust attachment on
first-pass reading times in Frendfhe Quarterly Journal of Experimental Psychology, 50A
421-438.

30



Ambiguity in Anaphora Workshop Proceedings, pages 31-39
ESSLLI 2006, Malaga, Spain, 7-11 August 2006

Edited by Ron Artstein and Massimo Poesio
http://cswww.essex.ac.uk/anaphora/

A Moddl of Grouping for Plural and Ordinal References

Alexandre Denis, Guillaume Pitel, Matthieu Quignard
LORIA, BP239 F-54206 VANDOEUVRE-LES-NANCY
Contact author: Guillaume.Pitel [at] gmail.com

We present a model for the resolution of plurakrefces on groupings
based on Reference Domains Theory. While the aidiheory does not

take plural reference into account, this paper shbow several entities can
be grouped together by building a new domain and lieey can be

accessed later on. We introduce the notion of sdperain representing the
access structure to all the plural referents dfargtype.

I ntroduction

In the course of a discourse or a dialogue, referents introdwearasely could be
referenced with a single plural expression (pronoun, demonstratose, The grouping of
these referents may depend on many factors: it may be éxplicey were syntactically
coordinated or juxtaposed, or implicit if they only share commemasitic features
(Eschenbackt al, 89). Time is also an important factor because it may be diffizgtoup
old mentioned referents with new ones. Because of this mulijptitfactors, choosing the
right discursive grouping for a referential plural expressionansbiguous, and this
ambiguity needs to be explicitly described.

We present a model of grouping based on Reference Domains ThatmoSAlt, 01)

which considers that a reference operation consists of engee referent in a domain.
However the original theory barely takes into account pletarence. This paper shows

how several entities can be grouped together by building a new domain and how they can be
accessed later on. It introduces also the notion of super-d@hainat represents the access
structure to all the plural referents of typeThis work is being implemented and evaluated

in the MEDIA/EVALDA project (Devillers, 04).

The goal of this research is both to find a practical solutiomleal with the kind of
situations we met in the corpus of the MEDIA/EVALDA projeand to improve the
coverage of the Reference Domain Theory, which is a represeataheory of reference
that focuses on describing the selection preferences from severglambitandidates.

1. Groupingsand plural anaphora

Several kinds of clues can specify that referents shouldrdagped together, or at least
could be grouped together. These clues may occur at severalgarguels, from the noun

phrase level to the rhetorical structure level. We have xybeed in detail the different

ways of groupings entities together in a discourse or dialdyegust describe here some
of the phenomena we were confronted with while developing eerefe resolution module

for a dialogue understanding system.
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= Explicit Coordination - The most basic way to explicitly express the grouping of
two or more referents is using a connector suandsor, as well asetc.
“Good afternoon, | would like to book a single roamd a double roorh

= |mplicit Coordination - An implicit coordination occurs when two or more
referents of the same kind are present in one sentence, wiRplitit connector
between them.

“Does the hotel de la gare have a restaurant, like the HolidayInn?

= Repetitiong/Specifications — In some particular cases, groupings are explicitly
described by the enumeration of their referents. For instaiwe fooms. A single room,
a double roorh

= |nter-Sentential — In the course of a dialogue, referential expressions can be
grouped together, depending on several factors (common type, commndioatee
semantic link).

Most of these different situations have already been thorougidstigated in previous
work. However, these methods are, from our point of view, unabldfiib the needs we
met in the particular task of the MEDIA/EVALDA project, esiadly with plurals,

otherness, and ordinals being very frequent in our corpus.

In the standard model of plurals in the DRT (Kamp & Reyle, 93 alirse referents are
grouped and assigned to a plural discourse referent (this isseapd using thél
operator), but no information can be assigned to the relativefrdhe individual referents
within the group (which is necessary for the resolution of ordinalphora). Moreover,
without the presence of specific markers or constructiorsgdins difficult to allow the
emergence of several groupings from a single list of iafgexpressions (for instance in
the case of a co-occurence of several referents - X,Y,theisame predicate, while several
others - Y,Z,W - share a common type). Other approaches déafeferring expressions
sharing the same type for making a group (Eschenttagh 89), which is not sufficient for
our problems, since sharing a common type is only one of the enablers of grouping.

2. Reference Domains Theory

The Reference Domains Theory (Salmon-Alt, 01) supposes that asepf reference is
related to a certain domain of interpretation, in that ithbdéscribes how to extract a
referent and which set of elements to extract it from. In tlegeece domains theory, an act
of reference also modifies the structure of the referdoogains of the discourse, in term of
focus and partitions.

A reference domain is composed of any group of entities in grete memory (discursive
referents, visual objects, or concepts) and describes holw exdity could be addressed
through a referential expression. The theory has been developedeinto represent the
diversity of access modes to the referents. The claim igteay referential expression has
a different behavior which depends on the vericonditional ieieer its referent must
satisfy and on its conditions of use (the actual structure of context).

The theory considers the referring process as a dynamic extrata referent in a domain
instead of a binding between two entities (Salmon-Alt, 0Ohddedoing a reference act
consists of isolating a particular entity from other reject@addidates (Olson, 70), amongst
all the accessible entities composing the domain. This dynamicirdination relies on
projecting an access structure focusing the referent irdéh&in and facilitates further
access: any extraction in a domain increases its salidneejttis preferred for the next
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interpretations.

The preferences for choosing a suitable domain are inspired thenRelevance theory
(Sperber & Wilson, 86) taking into account such focalization afidree. F. Landragin &
L. Romary (03) have also studied the usage of reference domainger to model a visual
scene.

2.1. Basictype

A reference domain is a structure which can reference sniyieifferentiating them. It is
modelled as a set ehtities (ground) and a set @artitions of these entities (equivalency
classes or alternatively differentiation functions as irelPi3). Each class groups the
elements which are accessible by the same referentisdssipni.e. which can be viewed
as the same object from a certain point of view. Identifgimmpletely a referent requires to
find a domain where a partition gives an unambiguous access terttiig. Using a
referential expression presupposes then (optimistically) tistdmdition is respected for
all the speakers.

2.2. Accessstructures

We suppose that any distinction between the referents from thedescalternatives
requires highlighting the discrimination criterion opposing them. This arttegiven by the
referential expression and its context of use behaves like teigpaof the accessible
entities, grouping them together according to their simidaritind their differences. A
partition may have one of its pafigcused (or profiled). There are, at least, three kinds of
discrimination criteria:

= discrimination on description. Entities can be discriminated by their type, their
properties, or by the relations they have with other entifies example the name of the
hotels is a discrimination criterion ithe Ibis hotel and the hotel Lafayétte

= discrimination on focus. Entities can also be discriminated by the focus they have
when they are mentioned in the discourse or designated by wegelSbr example,
“these rooniswould select focused referents in a domain, wherdlas 6ther roorh
would select a non-focused one.

= discrimination on time of occurrence. Entities can also be discriminated by their
occurrence in the discourse. For examplee “second hotélwould discriminate this
hotel by its rank in the domain.

Every referential expression aims to distinguish referents exinibit a differentiation
criterion; however the referents are sometimes nondigighed intentionally. For example,
the indefinite plural two hotel§ will introduce two hotels that cannot be differentiatedt Bu
even in this case it is possible to project a differdotiastructurea posteriorifor example
by next saying the first oné. Figure 1 shows the state of a domain after the sequéwoe “
hotels, “the first oné (the ground is represented here as a concept in descripti@s,logi
each subdomain is then a lower concept in the hierarchy). Thardbhdd the two hotels
contains a partition which focalizes the first of its elements, the subddtin
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H, card2

H C Hotel
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Hq, card1 H,, cardl
H,CH H,C H

Figure 1: A domain containing two subdomains

2.3. Classical resolution algorithm

Each activated domain belongs to a list of domains ordered accaodthgir recentness
(the referential space). The resolution algorithm consists of twaepha

1. It searches a suitable, preferred domain in the referesp@ale when interpreting a
referring expression. The suitability is defined by the minimalddions the domain has
to conform to in order to be the base of an interpretatiorti¢pkar description, or

presence of a particular access structure). The geneefdbrgmce factor is the
minimization of the access cost (recentness, salience or ftaaty

2. It extractes a referent and restructurates the referespii@e, taking into account
this extraction. It not only focuses the referent in its domainh,also increases the
salience of the domain itself which will be preferred for furtheraexions.

According to the determination and description of the referential gsipreor to the gesture
made to access to the referent, this generic scheme will be instmiakifferent ways. For
example a definitethe N will search for a domain in which a particular entity dae
solely discriminated by its type N, and the restructuring cansisffocalizing the found
referent in this domain. A demonstrativihis N' behaves differently in that it tries directly
to access to the referent without imposing a strong discrimination criterithre dypej.e. it
finds a focalized referent in a domain which could be cast inttN"aduring the
restructuring phase. See (Landragin & Romary, 2003) for a fitasisin of the different
access modes.

The algorithm highlights two types of ambiguities, domain ambiguities wiega aire many
preferred domains of interpretation with no mean to choose dimin{irst phase, and the
referent ambiguities when many referents are found withouenereces. Of course a
domain ambiguity implies a referent ambiguity. In a dialogu&esysit is not the role of the
reference module to disambiguate completely referents, butadhdte propagate the
ambiguity to next modules which, for instance, will solve it biirgs clarifications to the

user.

3. Super-domains

In order to take groupings into account in the Reference DomairmsyT lvee introduce two
constructs in our formal toolbox. Indeed, having only one kind of domairiraohdoesn’t
allow for a correct distinction between different referent statuses.

First we distinguish plural and simple domains. The simple doniaissrve as bases for
profiling a subpart, or related part of a simple referent. For instance Of= Room then
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one can profile ®rice from D. The plural domain®” serve either asgeneric base or as a
plural representative for profiling a simple domail. A generic base is mandatory in our
model to support the insertion of new extra-linguistic referemtdezl with an indefinite
construct (for instancel ‘saw a black bird on the ro9f while plural representatives are
used for explicit groupings. A doma ;, can also be profiled from B, providedD’,
profiles a subset of the elementdo§.

Second, we introduce the notionsoper-domain D*, from which aD” can be profiled. The
relations allowed between domains are represented on figures@pek-domairD” is the
domain of all grouping®’, including a specidD’,, grouping which is the representative of
all evoked instances of a given category. This configuration is notiedeto deal with long
dialogues where several, trans-sentential groupings occur, and wider groupings may
become out of access. Doing this would require a rhetorically driveriustngcof theD 5.

As Reference Domain Theory is primarily targeted towardadkiguistic referents
occurring in practical dialogue, the construction of domain trepsesenting the supposed
structuring of referent accessibility is based on an ontologya Aonsequence, for each
“natural” type and each subtype (for instarfReoniiSingle, a domain tree is potentially
created (actually, one can easily imagine how this creation may be @nvdamand’).

Another evolution from the initial Reference Domain Theory ispbssibility to focalize
several items of a partition. Indeed, since the resolution itdgorcan focalize a whole
plural domain, all elements of this domain must be focalizedl theaplural domains they
occur in.

D+
D" : super-domain
D : plural domain
X D :simple domain
D
PN —» : gives access to
D D’

Figure 2: Access tree of Reference Domains

When new extra-linguistic referents are evoked, they are individoadfiled under the
corresponding to their types (that is, their “natural” type, athdhe subtypes they are
eligible to). When some sentence-level grouping occurs or whgaral extra-linguistic
referent is evoked, B is created, with each of its components as children, wheilibfess
(that is, when each component is described). Figure 3 illustifa¢estate of theHotel
domain tree after a scenario with at least two dialogtge #e first one introducingotel,
the second one inserting a groupingHafte, andHotek (due to their co-occurence in the
same utterance). One can see that all referents introdueedaassible through the special
Hotel ., domain.

In short:
All new referents (singular or plural) become subdomair3 gf
All new plural referents build up a subdomairDdf

When a referring expression occurs, one performs the resolutiongth the following
algorithm:
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= If the referring expression is singular, performs the atatsesolution algorithm in

the plural domain®” (includingD’,;)

= If the referring expression is plural, performs the classesdlution algorithm with

D" as the base

U: The Ibis Hotel Hotel)) is too expensive
S: How about the Hotel Lafayettél¢teb) or the
Hotel de la clocheHotek)

Hotel, Hotel,

Hotel

Hotel;

Figure 3: A domain tree built from a the scenario on the left, containing a grouping

4. Examples

A sample dialogue (figure 4) is analyzed through the algoritihesented above. This
example shows how the referents introduced in an explicit coamhnaduld be referenced

as a wholethe two hotel§ or extracted discriminately by an ordindhé& second orieor by
an otherness expressioté other oné All the subdomains of H(i.e. the plural domains

of hotels) are indicateafter each interpretation using a simplified notation. Only the
for each subdomain

ordered list of accessible entities and their focalizatmhd] are noted

(only one access structure is represented for each dorRamjnstanceH = (hy, hy, ha)
means that the domain Jiis focalized in H, and that his focalized in F.

Dialogue H*
U: Is there a bathroom at the Ibis hotél) and the hotel Lafayettg,)? H*0 = (hy, hy)
H*all = (h1, hy)
S: No they don't have bathrooms H'o=(hy, hy)
H:all = (h1, hy)
S: But | propose you the Campanile hofie)) H o= (hy, hy)
H:all = (hy, hp, hg)
U: Hmm no, how much were the two hotels? H o= (hy, hy)
H*all = (hy, hy, hy)
S: The hotel Lafayette is 100 euros, the lbis hist&l5 euros H'1 = (hy, hy)
H:o = (hy, hy)
H ai = (hy, hy, hy)
U,: Ok, I'll take the second one H 1= (hy hy)
H:o = (hy, hp)
H an = (hy, hy, hg)
U,: Ok, I'll take the third one H 1= (hy, hy)
Us: OK, I'll take the other one H'o = (hy, hy)
H*aJI = (hy, hy, hy)
Figure 4: Example of dialogue (focused domains and referehts &@d
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In order to interpret Y U, and U one needs to rely on the previous structuring ofliiU,,
the previously focalized domain Hs preferred to be the base for interpretittie“second
on€' because of the order discrimination. This leads to extractifgehce focalizing it in
H', but also in Ky and in Hy. In U,, H'; cannot be the base for interpretirige' third oné
because no entity could be discriminated this way. Thereforertlyesuitable domain is
H .. It is also impossible to interprettie other onein H'; because of the lack of a focus
discrimination between;hand h. It is however possible to choosé,Hfor the domain of
interpretation: the excluded referentsand h are unfocused whileslyains focus.

Another example (figure 5) shows that keeping the way the ri$ermme accessed is
important in order to have a reliable state of the refedesppace. Compare the sequences
SUeSU; and QUSU,. In the first one the system does not distinguish the refefeam
each other, and the referential expressitie ‘second orieaddress the hotel Lafayette. In
the second one the system answers the question by mentioningcte qf each hotel
separately and the second orieaddress the Campanile hotel. A reason for such
phenomenon seems that it is difficult to corefer to the sameenéfiey two different ordinal
expressions successively: the extraction mohbktead of hin U; would sound strange. On
the contrary in i “the second oriecould refer to B because of the new domain which
differenciates the hotels by their prices. Actually the madeld predict such behavior by
the access structure of Hntroduced in specifying an ordinal discrimination criterion
(noted by a “0:™): if the structure does not change each hotal b could be accessed by
the ordinal expression they were introduced with. The prondimey in S; does not
change this structure in the same way asldes, that is by increasing the salience of the
referents accessed by their names. This way we can constraitetpeciation of ordinals.

Dialogue H*

So: | propose you the lbis hotelyjhthe hotel Lafayette ghand the H'o = (hy, hy, hy)

Campanile hotel @). H an = (hy, hy, ha)

Uo: How many are the first and the third hotel ? H'1 = 0:(hy, hy)
H:O = (hy, hy, hj)
H an = (hy, hy, hy)

S;: They are expensive. H)=o: (hy, hy)
H*o = (hy, hy, hy)
H an = (hy, hy, hj)
U;: OK, I'll take the second one. H1=o:(h, he)
H*o = (hy, hy, hy)
H all = (hll h21 h3)

S,: The Ibis hotel is 100 euros and the Campanilelhst50 euros. H*2 = (hy, hy)
H:l = 0:(h1, h3)
H*o = (hy, hy, hy)
H ai = (hy, hy, hy)
U,: OK, I'll take the second one. H = (hy, hg)
H's = o:(hy, hy)
H*o = (hy, hy, hy)
H an = (hy, hy, hg)

Figure 5: Example of cascading ordinals
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5. Discussion

The scope of the groupings considered by this extension to the iefddemains Theory
is still limited. First the trans-sentential groupings arefotty studied yet. We guess that
such groupings would need a rhetorical description of the discaues8DRT (Asher, 93).
Second it considers only extra-linguistic referemts, those having an existence outside
discourse. When trying to solve references in a dialogue, onedséigol take into account
the domains of interpretation of each speaker. Consider “@nt an hotel in Paris”, “S: |
propose you two hotels”. The first hotel is interpreted in the donedinrmental
representations of U while the two hotels proposed by S are assomgist outside the
discourse. They can hardly be grouped together by a referexpiassion because they
belong to different levels of reality. We guess that thisdkof phenomenon could be
rendered by defining accurate differentiation criteria.

Conclusion

We presented a model of grouping in the Reference Domain ThdasythEory considers
that reference resolution is a matter of extracting tlieragmst in an accurate reference
domain. It suits well our needs: the groups are consideredeasnee domains, where any
further reference (ordinals or other) can be interpreted. Wedinted a particular type of
domain, the superdomain, which references all the plural domaistruciad at a certain
time. Given this domain, the model can render dynamic effegtfitinals or otherness in
plural contexts. The conditions for grouping are not examined in dé@Wever such
domain architectures could be the backbone for modelling more congidgence effects
using more precise differentiation criteria: time betweem twocations of referent,
rhetorical or dialogical structure or different mental spac¢éss would be future work but
in the meantime the model and algorithms are currently evdliratbe MEDIA/EVALDA
project which aims to compare the semantic and pragmatic stadding of dialogue
systems.
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Abstract!

This paper analyses one aspect of the so-caegporonoun puzziéor Dahl's puzzig. |
argue that the two-pronoun puzzle hides a double puzzle; | call them Puzzle A ardBRuzzI
Puzzle A is why one logically possible interpretation disaygpercertain cases of ellipsis
of pronominal dependencies; and the other way around, Puzzle B ihiwhgading is still
possible when ellipsis doesn’t apply. Puzzle A can be accountéd tems of conditions
on parallelism and semantic binding (cf. Fox 2000, Reinhart 2000, Biring Z005)e B
has not yet been resolved in the same terms. In this papepdsaer an explanation that is
compatible with the analysis in Fox (2000). First, based on Basquédlteta that the two-
pronoun puzzle phenomenon is not restricted to VP ellipsis:sit abncerns silent
arguments. Then, | show how this Basque data help understandingvidedteirs under
Puzzle B: the facts appear to be less uniform once informationtige is taken into
account, and focus is shown to play a central role in the denvtitat allows the crucial
data.

1. Theinter pretive asymmetries of the two-pronoun puzzle

The two-pronoun puzzle, or Dahl's puzzle, is the name given tontleepietive
asymmetries displayed in cases of ellipsis of pronominal deperes (cf. Dahl 1974,
Fiengo & May 1994, Fox 2000 a.o.).

In the conversation in (1)-(2) for instance, the sentenc#)jnafth all the pronouns
with value ‘Max’ (indices are used just as shorthand to itelitze intended reading), can
serve as an antecedent for the optional VP ellipsis in (2le) dtided constituent is
represented between brackets). In principle, the ‘answers’ tan({2a) and (2b) are
equivalent; they differ in that VP ellipsis is applied in fager but not in the former.
Depending on the reading each pronoun can get (strict ‘Max’ or slogmarQ, the four
interpretations in (3) are logically possible for the secgs in (2). However, since the first
description of the data in Dahl (1974), it is considered thatreds (2a) allows these four
interpretations, (2b) only allows (3a-b-c), excluding therpriation in (3d), thestrict +
sloppy (henceforth ST-SL) reading. This asymmetry is the essehd¢ke so-called two-
pronoun puzzle.

(1) Max said hesaw hismother.

! This research was supported by the grants BFFR@@38-C02-01 of MCYT-FEDER, UPV-EHU

9 UPV 00114.130-160.09-2004 U of EHU-U. Basque Gguand a Ph.D. research grant by EHU-U.
Basque Country. | want to thank Aritz Irurtzun foomments and helpful discussion, and also
Brendan Costello, Scott Fults and Heather Taylgrjnformants of English.
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(2) a. Oscar said he saw his mother, too.
b. Oscar did say he saw his mothertoo.
(3) a. Oscar said Max saw Max’s mother [strict + strict]
b.  Oscar said Oscar saw Oscar’'s mother [sloppy + sloppy]
c.  Oscar said Oscar saw Max’s mother [sloppy + strict]
d. Oscar said Max saw Oscar’s mother [strict + sloppy (ST-SL)]

What | would like to focus on in this paper is that the two-pronoual@ug in fact a
double puzzle. On the one hand, if the logic gives four possible iatatipns for a
sentence, the question is why in some cases one of them is impoBsiblon the other
hand, if the impossibility of the ST-SL reading is accountedrfar principled manner, the
problem gets reversed: if we continue to assume that (2aj2b) are equivalent and that
they differ minimally in their phonological (non)realizationisitnot clear why the sentence
where ellipsis does not apply, i.e. (2a), allows the otherwise uablaiinterpretation.
These two puzzles are spelled-out in (4).

(4) Puzzle A: Why is the ST-SL reading impossible in VP ellipsis(a)?
Puzzle B: Why is the ST-SL reading still possible in non-ellip$i2&)?

Below we will see that despite its apparent redundancygditii®tomy appears to be
relevant. In this paper, | will take Fox’s (2000) account wfZfe A as a point of departure
(section 2), and | will show that it does not give a straggithrd way of answering to the
second question in (4), Puzzle B (section 3). Then | will develop daratjpn in terms of
Fox’s system, proposing that it is the absence of applicatidmeatdndition on Parallelism
that allows the ST-SL reading. First, based on Basque datasheilf that the two-pronoun
puzzle phenomenon is not restricted to VP ellipsis: it also cosd&asque silent arguments
(section 4). Then, | will show that this Basque data cam iielunderstanding better what is
under Puzzle B: there are in fact two different structure utidenllegedly uniform (2a),
and the structure permitting the ST-SL reading is differeamh fthe one permitting the other
readings (sections 5 and 6). Section 7 is the conclusion.

2. Puzzle A

Puzzle A can be explained as the effect of the interactidwmfconstraints (cf.
Reinhart 2000, Fox 2000, Biring 2005). On the one hand the parallelism condition on
ellipsis in (5) ensures that an elided constituent receivéstarpretation parallel to that of
an antecedent (cf. Chomsky & Lasnik 1993, Fiengo & May 1994, Fox 2000). ditivieit
characterization of Parallelism will be sufficient for our gpases here (cf. Dalrymple et al.
1991, Fiengo & May 1994, Hardt 1999, Merchant 2001 a.o. for a discussidmat g/
important is that semantic binding relations are part of this chéaeatien: for a constituent
to be elided, the binding relations in it will have to be the santkease in its antecedent (cf.
Fox 2000), under the assumption that ellipsis sites havelddiyéd internal structure (cf.
Hankamer & Sag 1976, Fiengo & May 1994, Lasnik 1995, Merchant 2001, a.o.).

(5) Parallelism condition on ellipsis
A constituent can be elided only if it has a parallel antecedent.

On the other hand a constraint on the semantic binding of pronounghgvasssible
representations of sentences (cf. Reinhart 1983, 2000, Heim 1993, Fox 2000)papéhis
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will assume that the constraint on binding is an economy rulmimkgfthe possible
antecedents for a pronoun; (6) is Fox’s (2000) Rule H (cf. also Biiring 2005):

(6) RuleH
A pronouna can be bound by an antecedpranly if there is no closer antecedent
such that it is possible to bindoy y andget the same semantic interpretation

Let us see how the interaction between Parallelism and Reda ldccount for Puzzle
A in Fox (2000). First, Rule H will give the actual represeamatof the pronominal
dependencies in (1). Two representations are logically pesgib) and (8). However,
contrarily to (7), the binding of the second pronoun in (8) is madess@nother possible
antecedenhe, and it does not give a different semantic interpretatioth representations
give the interpretation where ‘Max said Max saw Max’s moth&hus by Rule H, the
actual representation of the binding relations in (1) can onlyhbeote in (7), the
representation in (8) being uneconomical.

(7) I\/iax said| |he saw |his mother.

(8) Max said he saw his mother.
L |

Then, by Parallelism, the semantic binding relation of theggssse pronoun in the
elided VP in (2b) will be the same as that in its pardRlantecedent in (1), that in (7);
hence the possessive pronoun will be able to be bound by the embedeéet! mujoun,
but, crucially, not by the main subject. This only possible binditadioa is represented in

(9):

(9) Oscar said he saw his mother

L |

Now, if we look at the representation necessary for th&ISihterpretation of (2b),
illustrated in (10), the possessive pronoun has to be bound by the subject airtlvtanse.

(10) Oscar said he saw his mother Os¢ar said Max saw Oscar’s mother
| |

The representation of the bindinghi$ in (10) is parallel to that of (8), but we have
seen that by Rule H the representation in (8) is ungrammatical. In consedberd®mmands
of Rule H and Parallelism cannot converge in order to at@\ST-SL interpretation of the
elided VP in (2b).

3. PuzzleB

Fox’s (2000) system presented above gives an explanation fomehalled Puzzle
A. In the remaining part of this paper, | will be concerned withsé@nd part of the two-
pronoun puzzle, the Puzzle B.

Let us first spell out Puzzle B in the light of the anialysf Puzzle A given above.
Under the assumption that ellipsis is an optional operationhatdhe ellipsis site has a full
syntactic structure, (2b) has to have a counterpart in which Bhis @vert and that has the
same interpretation (that is, a deaccented counterpart;acicrddi 1992, Rooth 1992,
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Chomsky & Lasnik 1993). At first sight (2a) seems to be that cuante because the VP is
intuitively ‘parallel’ to that of (1); but this is impossihlbecause the interpretation of (2a)
and (2b) differ in that the former but not the latter allowsthe ST-SL reading. However,
all the things being equal, following the system in Fox (2000),lIBésen and Rule H
would be predicted to apply equally, be the VP phonologically eshlizx not. Hence there
is no apparent reason for (2a) to allow for the ST-SL readinig. ‘paradox’ is the essence
of Puzzle B.

We have to conclude that it is only apparently that the senten@a) is the overt
equivalent of the sentence in (2b) (at least in the case inhwhé get the ST-SL
interpretation). What is the difference between them? Weisasection 2 that it is the
combination of the particular effects of Rule H and Parsitelthat blocks the ST-SL
interpretation in (2b); thus it means that the same combinatioot met in the case where
(2a) has ST-SL reading, that is, the effect of either Rute Rarallelism is different. First,
obviously, it cannot be that the effect of Rule H is differgrdannot be that Rule H gives a
different representation for (1) when (2a) has ST-SL inta&apos. Rule H applies
automatically whenever there is a pronoun and its possiblecaet®s in a derivation; as
seen above, its result is unequivocal in (1), and the onlybb@sepresentation is the one in
(7). Hence, the difference between (2a) and (2b) has to lie ieffdet of Parallelism. The
hypothesis is the following: Parallelism does not apply betweBnafd (2a); in
consequence the interpretation of the pronominal dependency in #reédaibt dependent
on that in the former. More precisely, by Rule H (1) will héve representation in (7) and
(2a) will have the representation in (10); the difference betwettnbiiading relations is not
blocked by Parallelism. In the following section | show that Bagpues evidence in favor
of an analysis of Puzzle B in terms of a non-application of Parallelism.

4. Thetwo-pronoun puzzlein Basque

Basque shows the same interpretive effects as EngligB)()ut in an environment
different from VP ellipsis. This language, which allows itsjscts, direct objects and
indirect objects to be phonologically empty (cf. Goenaga 1980, @etitJrbina 1989),
displays the interpretive effects of the two-pronoun puzilenathe pronouns in embedded
contexts are phonologically silent (phonologically empty argumargsindicated by [e]).
More specifically, in the conversation in (11)-(12), when the sequvakessive pronoun is
realized (cf. (12a)), the ST-SL reading in (13d) is availablg when it is phonologically
empty (cf. (12b)), it is not available. The (13a-b-c) readingsasailable for both (12a) and
(12b); and the (non-)realization of the first pronoun has no effeth® possible readings.
As in the two-pronoun puzzle in English, phonological emptiness in Bagytieq case,
phonological emptiness of the second, possessive pronoun) correspdmelsésd where
the ST-SL reading ‘disappears’: the second pronoun must beiowader to display the
ST-SL reading.

(11) Peiokesan digu [berakbergama ikusi duela]
Peio say Aux s/he his mother see Aux.that
‘Peio told us that he saw his mother.’

(12) a. Jonek esan digu [berak/[e] bere ama ikusi duela]. V ST{SL]
Jon say Aux s/he his mother see Aux.that
‘Jon told us that (he) saw his mother.’
b.  Jonek esan digu [berak/[e]e] ikusi duela]. [* ST-SL]
Jon say Aux s/he see Aux.that
‘Jon told us that (he) saw [e].’
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(13) a. Jontold us that Peio saw Peio’s mother [strict + strict]

b.  Jontold us that Jon saw Jon’s mother [sloppy + sloppy]
c. Jon told us that Jon saw Peio’s mother [sloppy + strict]
d. Jon told us that Peio saw Jon’s mother [ST-SL]

If we take the two-pronoun puzzle as a property of ellipsisHiehgo & May 1994),
the natural conclusion is that the phonologically empty subjects2nare indeed elided
constituents (cf. Duguine 2006). In consequence, their behavior witidnesentative of the
phenomenon of ellipsis.

5. Accounting for the Basque data

In this section, | show that the Basque data in (11)-(13) candoeirgted for by the
interaction between the properties of ellipsis and information structure

Crucially, Basque speakers agree in that the second pronoun inh@2ap be
‘emphasized’ in order to get the ST-SL reading. That is, itthase focused. Basque
focused constituents are subject to syntactic movement to ftheelgphery followed by
verb-movement, resulting in an obligatory focus-to-verb adjacetie focused phrase
ending in the immediate preverbal position (cf. Ortiz de Urkli®89). This formal
characteristic of Basque makes a prediction. Whenever a prasau postverbal position,
it is not focused; hence if the second pronoun in (12a) appears itvarpakposition, the
ST-SL interpretation should not be available. This predictioactsially borne out: the
sentence in (14) below, as an answer to (11), cannot be interpseled aaid Peio saw
Jon’s mothet(the readings in (13a-b-c) are however available)

(14) Jonek esan digu [berak/[e] ikusi duela bere ama].
Jon say Aux s/he see Aux.that his mother
‘Jon told us that he saw his mother.’

In consequence, what the minimal pair (12a)-(14) shows is thaetwnd pronoun
has to be fronted, that is, focalized, in order for the sentenceptaydibe ST-SL reading.

Until this point | have shown that (i) the empty arguments i) (dre elided
constituents, (i) in sentences displaying the ST-SL readiveg second pronoun is
necessarily overt, and (iii) in sentences displaying th&STeading the second pronoun is
necessarily focalized. From (ii) and (iii), it results thatalized pronouns are necessarily
overt. Then, if, as stated in (i), the arguments of the verisubject to ellipsis in Basque, it
is natural to conclude that focused pronouns cannot be subject to ellipdigafmrablocks
ellipsis (cf. Merchant 2001, Han & Romero 2004 a.o. for simdaas). The generalization
is thus the following:

(15) Generalization on focalization:
A focused constituent cannot be subject to ellipsis.

Summarizing, pronouns are subject to ellipsis in Basque, but whemrhdgcused,
they cannot be elided. This explains why if there is a certafiormation structure
configuration that allows a given interpretation (in this caSd &L reading), the elements
participating in this configuration cannot be phonologically empgtys ionly when the
second pronoun is overt and focused that the ST-SL reading will be displayed.
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6. An explanation for Puzzle B

The Basque data just presented show that the ST-SL readimdésrelated to the
focalization of the second pronoun. Let us return now to the PuzafeEBglish described
above. With regards to the sentence in (2a), speakers of liceglisem that the ST-SL
reading is more clearly available when the second pronoun is phmadppgmphasized
than when it is not. It is interesting to see that the imtuitn the second pronoun being
emphasized is present in the literature, but is not takenras fedevant. In Reinhart (2000)
the equivalent of (2a) is described as “funny (as longeadehtressing and intonation pattern
required bytoo is kept)”. Also, in Fiengo & May (1994: 130) it &xplained in a footnote that
“a speaker may place emphasis on one or the otttbe @ronouns in the string in order to
bring out which of the [interpretations] the strimgrresponds to”. However this is not
considered as relevant: “doing so ... does not trangji@a)] into a different string in terms of
anaphoric possibilities”.

The intuitions of the English speakers and the notes in Reif@@0) and Fiengo &
May (1994) point towards a unification of the phenomena in Basque agtstt
Obviously, the emphatization alluded to is focalization; hencengli¢h as in Basque, the
ST-SL reading is permitted only when the second pronoun is focused. If (2l@riised
from VP ellipsis, this means that the second pronoun is elidgrhrasof the main VP.
However, if this pronoun is focused, and under the assumption that thaligatien in
(14) holds in English too (cf. Han & Romero 2004), the impossibiligliding the pronoun
will also block the ellipsis of the bigger VP constituent.cmsequence, it is only the
version of the sentence in (2) where the second pronoun is fotwsewill be able to
display the ST-Slinterpretation, that is, the one where the VP is overt, (2a).

Summarizing, (2b) does not allow the ST-SL reading becausestrigpermit the
possessive pronoun to be interpreted as focused. Hence, in faas @#h does not allow
for the ST-SL interpretation: there is a (2c¢) sentencediifers minimally from (2a) by
having a F(ocus) feature on the pronoun:

(1) Max said hesaw hismother.

2 a Oscar said he saw his mother, too.
b. Oscar did say he saw his mothertoo.
c.  Oscar said he likes Rigmother, too.

Going back to the question of Puzzle B, we can see tbafatt that the second
pronoun is focused explains why Rule H can give the representat{@d) for (2c). The
antecedent sentence in (1) has a non-focused second pronoun wheosasithéc) has a
focused second pronoun. If this is so, the VPs are not pafaltelsing one constituent in
the second VP violates Parallelism. But now, if Parallelism doeold, the representation
in (2c¢) is not dependent on that of the preceding sentencejnandnsequence the
representation of the binding relation does not have to be pacattet of (1). In (2c), the
first pronoun gets its assignment from the context (‘Max’); ljfeRH then, the closest
possible antecedent for the second pronoun (with the referential'@aicey’) is the subject
of the main clause, as shown by the representation in (16) (capita iettigate focusing).

(16) Olscqrsaid hesaw HI|$ mother, too.

In consequence, once the focusing effects identified, the system gulojpo$ox
(2000) can also account for the Puzzle B part of the two-pronoun puime'piizzle’
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derived in fact from a minimization of the role that focus cday pvith regards to
Parallelism.

But now that we know that in a sense it is the focus on the pgspssnoun that
allows the ST-SL reading, one question arises: is this theeffielgt of focus here? Focus is
supposed to be subject to felicity conditions that have nothing to tto amaphoric
dependencies and (most of the time) Parallelism. The questiaatihas to be asked in the
following manner: is the use of focus in (2c) felicitous? A pribrshould be the case,
because under the assumption that focus has uniformly a pragmdtsemantic effect (on
the truth-conditions of sentences, in the sense of Jackendoff (19¥23tion of the
conditions regulating these effects should lead to non-felicity. A briefdote basis of the
phenomenon of focus, ‘contrastivity’, used here in the broad sewisshow that focus is
legitimate with regards to the constraint regulating its &er the sake of simplicity, | will
assume a definition of focus based on contrastivity: focus @onatituent makes the
sentence contrast with a discursive antecedent, be it aauesta statement (cf. Rooth
1992, Roberts 1996/1998, Schwarzschild 1997, Kadmon 2001 for versions of this idea). (17)
is Schwarzschild’s (1994)onstraint on Contrast in Discourses given in Kadmon (2001),
and largely inspired by th€ontrasting Phrase Constraimh Rooth (1992). It is based on
the alternative semantics theory (Rooth 1992).

(17) Constraint on Contrast in Discourse
An utterance B is felicitously contrasted with another utterancehAif
[[AJ]° # [[B]]° and [[A]]° is a member or a subset of [[B]]

(18) [[Y]I° is theordinary semantic valuef Y.

(19) [[Y]]"is thefocus semantic valusf Y,
where [[Y][ is the set of the propositions obtainable by replacing the foctsawit
alternative of the same type.

Let us take the plausible conversation in (20), whereSheSL reading can be
derived ‘naturally’.

(20) A: Max said hesaw higsmother.
B:  (No, this cannot be true:) Oscsaid hesaw HIS mother. [ST-SL]

Here, we have (replacing pronouns by proper names for ease of presentation)

‘Max said Max saw Max’s mother’

‘Oscar said Max saw Oscar’'s mother’

{'Oscar said Max saw Max’s mother’, ‘Oscar said Max saw
Oscar's mother’}

(21) a.  [[(20A)]]°
b. [[(20B)]]
c.  [(20B)]]

[[(20A)]]° and [[(20B)]]° differ, and [[(20A)]]° is a member §{(20B)]]", thus (20A)
and (20B) are felicitously contrasted. In consequence, not only dogs docthe second
pronoun in (20B)/(2c) ‘ensure non-parallelism’, but its use i3 fakcitous in its discursive
context.

8. Conclusion

In this paper, in the light of some recent proposals irséimeantic binding literature,
especially the one in Fox (2000), | showed that half of the two-pronourepernained
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unaccounted for. | proposed an explanation for the fact that theneentdnere the VP is
overt does not behave like the sentence where it is elidedteddspy are apparently equal
and they are both subject to Rule H and Parallelism. Data Basque showed that what
was considered a uniform phenomenon (phonological realization vsealiation) is not
so uniform, given that information structure comes to playugiak role, changing the
effects of Parallelism and Rule H. In consequettoe present work gives further evidence
in favor of the proposal in Fox (2000): once the differences leetvilee actual possible
derivations are identified, the system based on ParalleliinRule H accounts for Puzzle
B, and hence is able to give a complete explanation for the two-pronoun puzzle.
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Abstract

We describe two pronoun interpretation experiments in which a Guieetdypothesis is
tested against preference-based accounts. The Coherence Hypothésishat apparent
preferences in antecedent selection are actually byproducts of thadirigrprocesses used
to establish different types of coherence. In Experiment 1hae shat preferences can be
systematically disrupted through the manipulation of coherencehahavhen the relevant
factors are balanced, preferences disappear. In Experiment Bowetlsat the coherence
effect is not disrupted by voice alternations (active/pa3sproviding evidence for a strong
semantic model of coherence-driven interpretation. We speauiatbe adequacy of this
strong semantic model and propose additional online experimentsniiexde interaction
between propositional content and information structure infleenoa pronoun
interpretation.

1. I ntroduction

The pronoun interpretation literature over the last three decadédllbagd two main lines

of investigation. One approach casts pronoun interpretation ashimggprocess guided by
‘heuristics’, that is, broadly-applicable strategies for matching pronouhgir antecedents.
Of particular relevance to our purposes is a body of work develop#uei1990’s that
examined two competing preferences: the parallel function preferéSmyth 1994,
Chambers & Smyth 1998, inter alia) and the subject assignmentemede(Crawley &

Stevenson 1990, Crawley et al. 1990, inter alia). Centering Thé@mosz et al. 1995
[1986], Brennan, Friedman, and Pollard 1987) incorporates neither s¥ titeferences
directly, but shares the property that pronoun interpretationiverdin large part by

relationships based on grammatical roles.

In this paper, we describe two psycholinguistic experiments that gugppeoodel in which
the interpretation heuristics posited in the literature @iphenomena of processes that
hearers use to establish discourse coherence. In Experiment 1, westtate (following
Kehler 2002) that such preferences -- in particular, the pafatietion preference and the
subject assignment preference -- are not reliable indicafoponoun interpretation. In
Experiment 2, we test the interaction of coherence with refe@essibility using a voice
(active/passive) manipulation. We find that in an off-line taskherence trumps
accessibility. We conclude with a discussion of the possibligations of these findings,
and suggest further research using online measures.
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2. Prefer ences and Coher ence

Heuristics-based models of pronoun interpretation predict that mggpitactic cues can
generally be used to identify a single preferred antecedapeseTheuristics, however, are
often in conflict. For example, the subject assignment prefeneiectifies the preferred
antecedent as the subject of the preceding clause, a oanghich holds in (1a) and (1c),
but not in (1b) and (1d). The parallel function preference, ootther hand, predicts that an
antecedent will appear in the same argument position asaheypr, a claim supported by
(1a) and (1b), but not in (1c) or (1d). A maodified version of the mrfalhction preference
that requires full syntactic parallelism between the cla(Ses/th 1994) suggests that the
presence/absence of a modifier, as in (1a-d), may shift these pregerence

(1) Samuel threatened Justin with a knife, and reference coherence
a. he blindfolded Erin (with a scarf). (=Samuel) parallel alper
b. Erin blindfolded him (with a scarf). (=Justin) parallel pafal
c. Erin stopped him (with pepper spray). (=Samuel) non-parallehusegeffect
d. he alerted security (with a shout). (=Justin) non-parallel  eteftect

The preference accounts stand in contrast to a coherence-anedel, as originally
proposed by Hobbs (1979), which suggests that pronoun interpretatioh dsiven by
morpho-syntactic cues but rather is the by-product of largereimégrg processes that
support the establishment of discourse coherence. Kehler (2aéape Hobbs’s proposal,
arguing that interpretation ‘preferences’ are actually epiphenamaf the manner in which
different types of coherence are established. Preliminary support fondtel was reported
by Wolf et al. (2004), which we extend in several ways herecifigally, we test Kehler’s
(2002) predictions in behavioral experiments, focusing on two coherepes: tgarallel
coherence, which obtains between clauses with similar propositiomatent, and
cause/effect coherence, which obtains between clausesndeewoents that are causally
linked.

3. Experiment 1

Kehler (2002) suggests that the conflicting preferences egpamt the psycholinguistics
literature often result from a failure to control for crece across stimuli. To address this,
we constructed stimulus sets which exhibit parallel coherémchalf the cases and
cause/effect coherence in the other half. As in Wolf ettl@ cause/effect cases
incorporated a semantic bias toward the non-parallel referentatalbepcases incorporated
no bias. Coherence was assessed during a prior norming studyhatotes used onlgnd

as a connective to guard against potential ‘focusing’ effe€tgonnectives likeand
similarly or and so as claimed by Stevenson et al. (2000). We also varied thesabioierb
class to guard against the possibility of a thematic boés (Stevenson et al. 1994,
Stevenson et al. 20008).

To test the parallel function preference, we also varied proposition. Recall that while
the subject assignment strategy predicts an across-the-boeferepce for subject

! Verbs in the introductory clause were drawn frame of four classes: physical action (threaten, puoheck, injure); social
action (deceive, taunt, harass, salute); mentte §tkemoralize, admire, irritate, intimidate); esgkaking verbs (bait, defend,
suggest, ridicule). See Rohde et al (2006) fodistiexamining the interaction of thematic rolegeng structure, and
coherence.

50



antecedents, the parallel function preference predicts acsupjeference for subject
pronouns, and an object preference for object pronouns (a main éffgonoun position).
The modified parallel function preference suggests that tfeéstahay be mitigated when
the two clause structures are not perfectly parallel (@naation between pronoun position
and syntactic structure). To test this, we varied syntattictare, creating a perfectly
parallel condition in which an adverbial modifier in clause 2 hegdhe modifier in clause
1 (i.e., the parentheticals in 1a-d are included), andtalbaparallel condition in which no
modifier appears in clause 2 (i.e., the parentheticals in l@ednet included). The
Coherence Hypothesis predicts parallel coreference in thiégpaaherence condition, and
non-parallel reference in the cause/effect coherence conditraf.interaction between
coherence and pronoun position).

3.1 Method

» Participants were 32 undergraduates who received extra coeduafticipation. All
were self-reported mono-lingual native speakers of English.

= In a 2x2x2 design, we constructed 16 stimulus sets, each with 8tsafiar a total of
128 stimuli, as described above. Verb class and modifier type alsy balanced across
stimuli. A sample stimulus set is presented above in (1).

* In arepeated measure design, participants were tested amstauaces of each stimulus
type, but no participant saw more than one variant from the sameTke 16
experimental stimuli were interleaved with 24 distracters {ib@u$ from experiment 2;
and 8 fillers with unambiguous pronouns), and the replications were block randomized.

= Participants were presented with a paper and pencil taskichwhe stimulus was
followed by a question requiring that the pronoun be interpretdd, (@3. For answers
matching the subject of the preceding clause, a score of hssassed. For answers
matching the object of the preceding clause, a score of 0 was assessed.

(2) Samuel threatened Justin with a knife, and he blindfolded Wwith a scarf.
Who blindfolded Erin?

3.2 Results

The data showed strong support for the Coherence Hypothesis, conftimingedicted
interaction between pronoun position and coherence frame. The d&an@econsistent
with any of the other hypotheses. Gross percentages acrosdi sthow that the
‘preferences’ operate at roughly chance levels when the reldaatdrs (including
coherence) have been balanced.
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Table 1 Experiment 1

Antecedent
Hypothesis Condition Subj Obj n
Subject Assignment  All pronouns .52 48 512
Parallel Function Subject pronouns .51 .49 256
Object pronouns .52 48 256
Maodified Parallel Subject pronoun: fully parallel structure .52 A48 128
Function Object pronoun: fully parallel structure .50 .50 128
Coherence Hypothesis Subject pronoun: Parallel coherence .98 .02 128
Subject pronoun: Result coherence .05 .95 128
Object pronoun: Parallel coherence .10 .90 128
Object pronoun: Result coherence .94 .06 128

Statistical analysis of these data confirms that the interabetween coherence frame and
pronoun position, predicted by the Coherence Hypothesis, is signifi€difl,31) =
1379.23, p < .0001; F2(1,15) = 2016.158, p < .0001]. A second, smaller effect, which we
did not predict, was found for coherence alone [F1(1,31) = 4.429, p = .04415) =
7.105, p =.018].

4. Experiment 2

The results of Experiment 1 support the Coherence Hypothesis.shiogy that pronoun
interpretation does not depend exclusively on pronoun position or 8grgaacture, both

of which were balanced across stimuli. Nor was the preferréecedent signaled by
discourse connectives likend similarly or and so (as suggested by Stevenson et al. 2000).
Rather, pronoun interpretation depended primarily on the semaatitent of the
propositions and whether the relationship between them is based on Sirail@ausality.

While the results of Experiment 1 appear to support the typstrohg’ coherence-based
model we have described, they do not rule out the possibility ‘efeaker’ coherence
model, in which coherence interacts with other factors such asnafion structure. To
differentiate these possibilities, Experiment 2 tested gipatnts on passages in which the
voice of the context sentence was manipulated. Because the pamsk® the surface
subject as topical (and likewise reduces the topicality ofldhecal subject), we might
expect support for pronominal reference to the logical subjectcoherence to be
compromised in such constructions.

Thus, the strong semantic model predicts the replication ofxperinent 1 results in both
the active and the passive conditions: parallel co-referaith parallel coherence; non-
parallel co-reference with cause/effect coherence. (Note,riamly, that parallelism now
refers to thematic role, not argument position, i.e. semantipaligllel, not syntactically).
Thus, when we exclude pronoun position as a factor (using only objewdums), the
choice of antecedent (subject/non-subject) will depend on araation between coherence
and voice. The weak model also predicts an interaction betweerecobend voice, but it
predicts a different pattern, one in which the clean resubs &® Experiment 1 are
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replicated in the active voice, but where the interacttoweakened in the passive, with
voice playing a greater role.

41 Method
» Participants were the same as in Experiment 1.

* In a 2x2 design, we adapted 16 stimulus sets from Wolf et al. (20845tracting 4
variants for each set, for a total of 64 stimuli. Stimuli aored all object pronouns, but
varied in coherence frame (parallel vs. cause/effectdoaseerb semantics) and voice
(active/passive). A sample stimulus set is presented in (3).

* In a repeated measure design, participants were tested on four instagmes stimulus
type. All remaining aspects of the design, including task, wdetical to Experiment
1.

(3) a. James complimented Craig, and parallel coherence
Fiona congratulated him after the match. active voice
b. James defeated Craig, and cause/effect coherence
Fiona congratulated him after the match. active voice
c. James was complimented by Craig, and parallel coherence
Fiona congratulated him after the match. passive voice
d. James was defeated by Craig, and cause/effect coherence
Fiona congratulated him after the match. passive voice
4.2 Results

The data show a clear interaction between coherence and voitiefquidoy both models.
The pattern in the data, however, is symmetrical for adive passive, supporting the
strong coherence model. Passivization does not appear to weaketethaetion between
coherence and voice: we observe parallel reference in the parallel cghieaene, and non-
parallel reference in the cause/effect frame. (The coemderpattern reverses, however; in
the passive, the patient role is realized in subject position.)
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Table 2 Experiment 2

Antecedent
Condition Subj  Non-Subj n
parallel coherence: active voice .22 .78 128
cause/effect coherence: active voice .84 .16 128
parallel coherence: passive voice a7 .23 128
cause/effect coherence: passive voice .23 a7 128

Statistical analysis of these data confirms that the irtterabetween coherence frame and
voice is significant [F1(1,31) = 278.52, p <.0001; F2(1,15) = 118.64, p < .0001]. In the item
analysis, an additional interaction was detected among iteng,\and coherence [F2(1,15)

= 2.712, p = .0005], indicating some degree of variability in teustis set, which we are
currently investigating.

5. Discussion

The results of Experiment 1 confirm the prediction in Kehler (200@)f pronoun
interpretation preferences can best be understood as epiphenomeoherence-based
inferencing processes. Parallel coherence results in paralieference, whereas causal
inference determines co-reference in cause/effect coheregnogest The Coherence
Hypothesis makes the correct predictions in cases in whighréfierence accounts conflict,
and also predicts the subject-pronoun-to-object-antecedent patteime icatse-effect
passages that contradict both preference hypotheses. (See3dblether, the results of
Experiment 2 suggest that this strong coherence-driven model of prortetpratation is
resilient to the passive/active voice distinction.

Table 3 Predicted Resolution Patterns (Pronoun to Antecedent)

subject subject object object
Hypothesis to subject to object to object to subject
Subject Preference: yes no no yes
Parallel Preferences:  yes no yes no
Coherence: yes yes yes yes

Whereas the effects appear to be robust in parallel and cause/effectnce frames, at this
point we cannot be certain that it will generalize to other coherepes.tit may be the case
that parallel and cause/effect coherence relations refg treavily on semantic content than
do other forms of coherence, for example, narrative coherence Keigbs's Occasion
relation).

A variety of effects associated with the subject prefege topic preference, and first
mention effects (among others reported in the literature), appdae attention-based (cf.
various forms of Centering Theory). Kehler (2002) suggests ttaattianal effects may be
most prominent in Occasion frames, in which a series of eventsected in time and/or
space are described. For example, in a stimulus like (4), dselikely coherence frame in
the final sentence is Occasion.
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(4) Betty and Sally had been pestering the firm for months to bugwaphotocopier.
Duncan was hoping that he would be able to use it too. Betty deatedsthe new
machine to Sally and Duncan asked her about it. (Crawley et al. 1990)

While it is not impossible to draw either a causal or sintjldrased connection between the
demonstration and the questioning, such inferences are much weakeéhe sort drawn in
the parallel and cause/effect variants of example (1). Ibossible that Occasion is
intertwined with notions such as topichood and salience to a gaegeze than are the
other relations. Experiment 2 did not show an interplay betweentiati and coherence,
but if such an effect can be demonstrated, this would support & nduel of coherence
recognition and pronoun interpretation than previously describedexample, in Hobbs
1979).

0. FutureWork

While our off-line experiments showed that participants iderttily referents that are
supported by coherence establishment, they provide no measuraiffithéty with which
those identifications were made. As such, experiments curnenflyeparation will use
manipulations similar to those described here, but embedded wittsli-pased reading
task. We hope that this online measure will allow a fullemvof the processes involved in
interpretation than the offline disambiguation task. In particwa will examine cases like
(1a) and (1d), repeated here as (5) and (6), in which the semantimatibn supporting
coherence appears after the pronoun. We are particulangsted in whether any biases
introduced by the subject assignment and/or parallel functiderprees cause examples
like (5) to be easier to process than those like (6), intwhith heuristics point to the
semantically dispreferred referent.

(5) Samuel threatened Justin with a knife, and he blindfolded Erin (\sithr§.
(6) Samuel threatened Justin with a knife, and he alerted secutitya(8hout).

We will also look for reading time delays in cases liRd)(from Experiment 2, repeated
here as (7), for which we predicted a clash between infamatructure (supporting the
subject antecedent) and coherence (supporting a non-subject antecedent).

(7) James was defeated by Craig, and Fiona congratulated him aftextthe m

Finally, the norming phase of Experiment 1 turned up a varietytefeisting data relevant
to the question of coherence recognition. These data suggestsvasmgys that aspects of
linguistic form and structure might affect the coherencetiogia that hearers identify,
beyond the effects of semantics proper. We are currently develepjpgriments that
control for these effects and initiating an investigation irfte processes that drive
coherence recognition.
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In this paper | present different types of ambiguihat occur in annotating and
resolving anaphoric adverbials. My analysis coneges on the German temporal
adverbial danach (“after that” or “thereafter”). However, issuessdissed here go
beyond the analysis of this particular German wdrdassume that the types of
ambiguity presented in this paper occur not onlthveither anaphoric adverbials like
thereforeor besidesbut also with other types of anaphoric expressi@ng. personal
pronouns). At least, the “Justified Sloppiness Hiipsis” proposed by Poesio et al.
(2005) leads to this conclusion. First, | present account of the meaning and
anaphoric character of the German pronominal addartach By means of a pilot
study, | then show that the resolutiondznachinvolves several types of ambiguity,
namely structural and referential ambiguity. Regagdeferential ambiguity, we can
distinguish the following sub-types: 1. competitibetween temporal and situation
referents, 2. competition between simple and stredt situation referents and 3.
competition between different situation referefisally, | make some suggestions for
handling these types of ambiguity.

1 The German Pronominal Adverbdanach
Following Webber et al. (2003) and Miltsakaki et al. (2004), adakdonnectives like

howeverthereforeetc. are assumed éxpress (as subordinate and coordinate conjunctions)

binary predicate-argument relations. Nonetheless, they onlyngedf their two arguments
structurally, namely the matrix-clause. The other argumentdde derived anaphorically
from the discourse context. In German there are so-called pioaloadverbs likedanach
and dadurch (thereby which consist of an anaphoric element (elg) and a relational

element (e.g.nachor -durch) (cf. Rittenauer 1978, Fraurud 1992, Pasch et al. 2003). Due

to their anaphoric element these pronominal adverbs refer tefememt previously
introduced into the discourse. By means of their relational eletheytcan also establish a
temporal, causal or any other discourse relation between thenteté the antecedent (e.g.
a situation or a time-entiy) and the situation-referent oftatrix-clause of the anaphor (s.
example (1)). Thus, they can function as relational anaphora and adverbiativesnec

(1) [Eine Abordnung des Minchner Polizeiprasidiums legteder Gedenktafel einen Kranz fir
den 1972 getdteten Polizeibeamten Anton Fliegenbaigder], Danach begaben sich die
Mitglieder der Deutsch-Israelischen Gesellschaftl uwtler anderen Gruppen zu FuB3 ins 17
Kilometer entfernte Dachau.

[A delegation of the police headquarters of Muniahgown a wreath at the commemorative plaque of the
police officier Anton Fliegenbauer killed in 19F2After that the members of the German-Israelic
Society and other groups walked to Dachau which Wvakilometers away.

In order to find out which factors influence the resolution of the relatiovagdreordanach |
selected and classified a variety of occurrenceslasfachfrom a corpus study. In the
TIGER corpus, only 45 of approximately 100 occurrencedamiach(used anaphorically)
express temporal succession. The remaining ones mean “accartiagdt introducethe

57



content of a previously mentioned ‘documentation’-noun $ikkely agreemenbr report®

In this paper | focus on the temporal incidenceslariach In general, temporalanach
expresses the temporal succession of two temporal entities tdaehbeen mentioned in
the text and which are usually conceptually related to each. diimy situations (i.e.
events, processes, states) and time-entities (given by a temporakexptike2006or New
Yean have a temporal dimension and can be temporally locateditlihgam introduced in
the anaphor-matrix-clause is temporally located with respesbine reference time in the
previous discourse given by a temporal expression or by an sipreferring to a
situation. More preciselydanach locates the matrix-situation in the post-phase of the
reference time (s. figure 1).

ref-time: pos-phas

time-entity[ sit matrix-sit
| | |
| |

v

end(ref-time) < begin(matrix-sit)

Figure 1: Temporal interpretation danach

Syntactically, the antecedent @énachis either an S-based phrase (a sentence, a clause, a
VP etc.) referring to a situation or an NP-based phrase (an RP)aeferring to a situation,

a time-entity or an object (coerced into a situation). Considémmgntological status of the
referents of the antecedent and of the anaphor, we can distingtigebsituational
reference (the referent is a situation) &rdporal reference (the referent is a time-entity).

1.1 The Pilot Study

As | assumed that théanachoccurrences of my corpus study might be ambiguous and
therefore difficult to annotate, | did a pilot study with 6ttpersons (all of them linguists). |
selected 24 examples (ranging from easy to tricky) anddabieesubjects not only to mark
the antecedent but also to name the referedapéch As | annotated the data (i.e. marked
the antecedent) | largely followed the annotation conventionmfarking arguments of
discourse connectives proposed in the Penn Discourse Treebaotaton manual (cf.
Prasad et al. 2006). Thus, only S- or NP-based phrases withiaditthibutes were possible
antecedents alanach To include all attributes has two advantages. First theeaeat is
not fragmented too much, so the annotation is clearer and easmndSlee annotator does
not have to decide which attributes are absolutely necessénylach are not — generally a
hard decision, s. example (2). Here the modificatiithin the forthcoming 24 houiis not
crucial for the interpretation afanachsince it focusses on the potential occurring of the
event rather than on a specific moment. Nonetheless, the madifickies not spoil the
interpretation. Therefore, all attributes of the antecedentatainsed in the annotations.

(2) Zu spat, wie amnesty international furchfeteil die Todesurteile binnen der kommenden 24
Stunden vollstreckt werden kénrterDanach so steht zu vermuten, werden wir uns den
Namen Ken Saro-Wiwa endlich gemerkt haben.

Too late, as amnesty international feasinde the death sentences could be executed wfithinext 24
hourg,. It could be supposed thiereafter we will keep in mind the name Ken Saro-Wiwa at.las

! As one of the reviewers pointed out Dutidmrnaappears to behave like Germ@anach except
that it does not have a content reading (meaadugrding tQ but only a temporal one.

2 My analysis of the temporal meaningdgnachis influenced by work on temporal connectors by
Herweg (1992), Schilder (2004) and Habel & Kned¥®).
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The disadvantage of keeping all (even unnecessary) attrilsutkeat the antecedent often
only partly refers to the referent of the anaphor. This algupéves regardless of its
unnecessary attributes. Thus, in some cases, the referentaiapleor has to be derived
from the antecedent or better from the textual anchor. Anotheraiomotonvention is to

choose as antecedent only the textually closest and shmfestntial expression from
which the referent ofdanach can be derived.In the PDTB annotation manual this
convention is called “Minimality Principletf. Prasad et al. 2006:13).

The subjects of the pilot study did not know about the converitibnganted to check
whether these conventions are really necessary as they tesimigt and for reasons just
illustrated not completely sound. Moreover, | wanted to know whetherhamd my
annotations differ from those of the subjects.

In general, the subjects had less problems to name thentefesia to mark the antecedent.
There are two possible explanations for this observation, Bsghe subjects did not know
about the annotation conventions, i.e. as they had no systemaliodniet marking the
antecedent (e.g. to choose only referring expressions like aRRBr S and including all
their attributes) they had trouble identifying the borders of the textatdrial to be marked.
Thus, to hand out the conventions to the subject in advance mightohaimend the
reliability of the annotated data. Second, the referent was ohly mentioned implicitly,
i.e. it had to be derived from the text. Then the subjects were unceriamawid how much
of the textual material was necessary in order to spdufydferent. This difficulty can be
explained as follows: Text understanding requires the activafitexiocal and conceptual
knowledge and many inferences are drawn in order to build up a colversreptual
representation of the text. The conceptual representation téxhes much richer than the
text itself (cf. e.g. Schwarz 2001, Graesser et al. 2001).XAsitelerstanding also relies on
implicit knowledge which is difficult to determine explicitlpeople are at a loss when they
are asked to precisely determine the antecedent. Theytlawapression that the textual
material contains less or more information than needed.

The aim of the paper is to show that annotating occurrencdanaichand representing
their meaning is a quite difficult task since there isteof implicit and explicit ambiguify
involved. | will now present different types of ambiguity foundtie data. Then, | make
some suggestions how annotating the examples can be facilitajedydahe annotation
conventions) and why we should and how we could account for the diffgqees of
ambiguity e.g. by using underspecified representations.

2 Different Types of Ambiguity

| distinguish two main types of ambiguity: structural and efgéal ambiguity. When the
subjects specified the same referent danach but marked different antecedents as in
example (3), | call this structural ambiguity. For the intetgiren of the example it does not
make a difference whether one assumes only the NP or the whole S as ahtecede

% This definition of the antecedent differs fromeattlinguistic one where the antecedent is the firs
(not the last) expression referring to the refeodrthe anaphor.

* The instructions given in the pilot study were:Fby the antecedent: Please mark the text span that
you think danachrelates to. and 2) For the referent: Please n&mmentity (in the world), i.e. an
event, a time-entity or an object to whidanachrefers to. 3) Please indicate the degree of diffjc
for each example as easy, medium or tricky. 4)d&le@mment on the example, if you want to.

® The distinction between implicit and explicit ambity is taken from Poesio et al. (2005). Implicit
ambiguity means that subjects do not notice theiguitly but as a group specify different
antecedents and referents. Explicit ambiguity metlnad the subjects notice and specify the
ambiguity.
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(3) [[Die erste Explosign ereignete sich gegen 9 Uhr in einem Pulver- unchititnsdepof,
Stundenlang kam efanachim Abstand von 10 bis 15 Minuten zu weiteren Dat@nen.

[At 9 o’clock[the first explosioh took place in a depot for gunpowder and ammunitidfor hoursafter
that further detonations took place at intervals otd @5 minutes.

In contrast, in referentially ambiguous cases there are adeptausible referents and
antecedents fodanach Thus, we get distinctive readings when different textual spans
referring to different referents are marked as antecedents (plex@y)).

(4) [In [dem Schauprozess 198Wird er zu[20 Jahren Halt verurteilt]; Danach lebte er als
Rentner in seiner Heimatstadt.

[In [the show trial 198]k he was sentenced {20 years in prison.]» After that he lived as pensioner in
his hometown.

In (4) choosing antecedenbr antecedeptmakes no difference with respect to the
interpretation of the temporal constellation of the two sitna related bylanach The end

of the trial and the end of the proclamation of sentenceearparally identical. However,
choosing antecedenwhich is preferred due to world knowledge yields another temporal
constellation between different situtations.

2.1 Annotating Structural Ambiguity

Example (3) demonstrates only one possible variant of stalictumbiguity. Structural
ambiguity can also be observed in anaphoric chains. In exampthee(Subjects marked
different antecedents while specifying the same referent, naheelyombing.

(5) [[Ein Mann sei herausgesprungen und habe eine Hamdgeagegen das Tor und die
Wachposten geschleudert, hieR es. Daraufhin sezdeite Tater durch das Tor gerast und
habe sich vor denBotschaftseingang samt der Bombe in die Luft gespie [[Die Tai,
geschah gegen 9.30 Uhr OrtsZgitals in der Botschaft normaler Alltagsbetrieb hehte],
Teilweise standedanach nur noch Gerippe des Gebaudes.

[t is said that a man jumped out and threw a grenadainst the gate and the sentinels. Thereupen, th
second committer ran amuck through the gate ana/ blienself and the bomb up in front of entrance of
the embass} [[The actioih, happened about 9.30am at local tifgevhen in the embassy everything was
at normal course of lif§, Thereafter, in part only the framework of the building wasté.

Due to the complex anapHatie Tatreferring to the propositionally structured referent (the
BOMBING) mentioned in the first two sentences either antecedernbe complex anaphor

is marked as antecedent. In the third sentence we agadntiie structural choice between
the NP-based-antecedgand the S-based-antecedefine subject marked all sentences as
antecedent | will turn to this issue in section 2.2.2.

| assume that structural ambiguity as in such cases can besdtharadisistently by the
annotation conventions proposed in section ‘130 according to the conventions
antecedentin example (3) and antecedeim example (5) should be marked. In section
2.2.2, 1 will discuss why this only partly resolves the ambiguity in example (5).

2.2 Annotating Referential Ambiguity

In this section | will present three types of referentiabigity: 1. competition between
temporal and situation referents, 2. competition between siamulestructured situation
referents and 3. competition between several different situatierents.

®S. Consten & Knees (forthc.) for a detailed arialgé complex anaphora.
" Another study is planned in order to find out wietthe inter-annotator agreement of marking the
antecedent raises when the subjects get the aimmotainventions beforehand.
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2.2.1Competition between temporal and situation referents
In some examples there is an ambiguity between a temporedniefasually a time span)
and a situation referent which is temporally located in that time span.

(6) Und der im Grunde hypersensible Pollock scheioh solcher Mannlichkeit zutiefst
beeindruckt gewesen zu sein, damgi Jahre 193%, als [er in Siqueiros New Yorker
Laboratorium zur Erprobung moderner Techniken in idenst mitarbeitetp. ... So erstaunlich
wie unstrittig ist ndmlich die Tatsachgdass Pollock dort jene Experimente bereits
kennengelernt haben migsdie er selbst erstehn Jahre danachanwandte: die Arbeit mit
Industrielacken und das Vertraufeln und Verschiitteln Farbe direkt auf dem Malgrund oder
mit der Spritzpistole, in einem Akt des ,kontrotlien Zufalls®.

And Pollock, virtually hyper-sensitive, seemedealbeply impressed by such a masculifiigt that time
in 1934, when he worked in Siqueiro’s New Yorker laboratorgrder to try out modern techniques in
art.], ... Thus, the facfthat there he must have got to know these expetsigevhich he used himsetén
years after that, is amazing and indisputable at the same timewbiks with industrial gloss paint and
his spilling and bloting with paint directly on tiseibfont or with the spray guns, in an act of ,colted
chance*.

In example (6) Pollock’s cooperation with Siqueiros,jsieferred to by antecedgrand his
getting in touch with these experimentsg)siteferred to by antecedgrdare interpreted as
taking place at some time interval within the year 193érredl to by antecedenihus, all
referents selected by the subjects are at least tempoehted to each other. The temporal
referent provides a time frame for the situation referargs t(sit) O t(sits) 0 t(1936)5.
Thus,danachanchors either at t1(1936), t(gitor t(sit) where the latter ones can be merged
to t, 0 t(1936) (i.e. some time interval in 1936). So in order to accourthéoambiguity, |
propose the following underspecified representatjeindt(1936)) O (t, O t(1936))] < 10-years
begin(t(using modern art techniquegiyhich means that the matrix-situation took place either ten
years after the end of 1936 or ten years after some point in time withiri 1936.

2.2.2Competition between single and structured situation refenats

This type of ambiguity is discussed as ‘circumscriptionVbgbber (1987), or ‘reference to
structured entities’ by Fraurud (1992) and Poesio et al. (2005). In exampiep@&ated here

as (7)) all subjects named the bombawgyreferent, but one subject conceptualised it as a
structured entity described by antecegent

(7) [[Ein Mann sei herausgesprungen und habe eine Hamdgeagegen das Tor und die

Wachposten geschleudert, hiel3 es. Daraufhin sezdeite Tater durch das Tor gerast und
habe sich vor denBotschaftseingang samt der Bombe in die Luft gespie [[Die Tai,
geschah gegen 9.30 Uhr Ortszeitals in der Botschaft normaler Alltagsbetrieb hehte],
Teilweise standedanachnur noch Gerippe des Gebaudes.
[t is said that a man jumped out and threw a grenadainst the gate and the sentinels. Thereupen, th
second committer ran amuck through the gate ana/ blienself and the bomb up in front of entrance of
the embass}y |[The actioih, happened about 9.30am at local timevhen in the embassy everything was
at normal course of lif§, Thereafter, in part only the framework of the building wagtté.

| consider this example to be similar to examples discusseddsid’et al. (2005). They
assume that people do not perceive this type of ambiguityfelitous, if the following
conditions hold (“Justified Sloppiness Hypothesis”):

1) “Both explicitly mentioned potential antecedertandy are elements of an underlying
mereological structure with summuim= x [0 y which has been explicitly constructed

8 t stands for the life’ or ,run’-time of the sittians and the time-entity.

° There are incidences whedanachdefinitely locates the matrix-situation within andt after the
time frame given by the temporal referent, s. tiWing example]During the Weimar Republic
the interventionism was modeiWhat happenethereafter in the Weimar Republic, has a great
deal to do with the fact that this concept did work as a problemsolver.
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(and made salient) in the dialogue”. This is only partly true thas example, as
antecedentdescribes several sub-events of the summum bombing and not amiyea s
element.

2) “[I]t is possible to construct a p-underspecified interpretétiwhich means that the
anaphor can refer to each of the elements or to the sumfgaim, this condition holds
only partly (for the same reason as before). The anaphoretamte the summundie
Tat), to antecedent (describing _severakub-events) or it refers to all of them
(anteceden).

3) “All possible interpretations [...] are equivalent for the gmse of the plan.” This
condition also needs a slight modification in order to hold: All ixdssnterpretations in
this example are equivalent with respect to the concepitialisof the structured
referent, as all subjects named the bombing as referent. Thasplegdike (7) can be
explained by an expanded version of the “Justified Sloppiness Hypothesis”.

(8) [In den 80er Jahren trieben Geriichte, dass die Fvd2dle als Mittel gegen Aids zulassen
werden, die Aktienkurse von ICN und ihren beidechTergesellschaften scharf in die Hghe.
[Panic nahm die Gelegenheit wahr, um eigene AktirenWert von 13 Millionen Dollar
abzugebef, [Dies brachte ihm zahlreiche Aktionarsklagen eirg dum Teil heute noch
anhangig sinds]s Kurz danach setzte die FDA das Unternehmen unter Druck, das im
Zusammenhang mit der urspringlich begrenzten Geigeimay verbreitete Werbematerial fur
Virazole zurtckzurufen.

[In the eighties rumours that FDA would admit Virgzas drug against Aids boosted the stock price of
ICN and its two affiliate; [Panic availed himself the opportunity of selling Bhares amounting to 13
million dollars], [This brought him in numerous accusations of shddsrg of which some are still
pending]s]; Shortly thereafter the FDA enforced his company to call back the dibement for
Virazole which had originally been approbated fotited use.

In example (8) a structured entity can be constructed, naimelghiain of cause and effect
resulting in the BA’S ENFORCEMENTIN the anaphor-matrix-clause. But only some of the
subjects named this referent, while others preferred aznefine raising of the share price
referred to by antecedendr Panic’s selling of his shares referred to anteced8ot this
example differs from the previous one in two aspects: firstetis no complex anaphor
explicitly introducing the structured referent and second, theessitglations in antecedent
antecedent and antecedentare causally connected to each other. This justifies their
grouping but as the results of the pilot study show the situadiom®t have to be clustered.
As far as | am aware there is no accomplished solution folihgritlis kind of ambiguity

(cf. Fraurud 1992, Poesio et al. 2005). Following the PDTB annotation if@nasad et al.
2006) cases like this are handled in accordance with the riMlity Principle”. It states
that only textual material that isriinimally requiredandsufficientfor the interpretation of
the relation” is marked as argument of a discourse connegtieeeas “other span of text
that is perceived to be relevent (but not necessary) in sagetawthe interpretation of
arguments is annotated sispplemeninformatiori (s. Prasad et al. (2006:13); highlighted
text as in original}® Thus, according to the PDTB manual only one — probably antegedent
— would be marked as antecedent. The other ones would get tisea$tataupplement. But
this is only a convention and not a proper solution for the ambiguity of this example.

Webber (1987, 1991) and Fraurud (1992) suggest that discourse strgoides the
interpretation of anaphoric expressions emphasising the role of the rigigrfiamrtstraint. |
think we have to accept that some anaphoric references agerhiguous and that Poesio
et al.’s (2005) p-underspecification provides a good means forseeqineg this type of
ambiguity.

1 The antecedent of the complex anapthiies (“this”) in the third sentence would also be markead
supplement.

62



2.2.3Competition between several situation referents

The third type of ambiguity concerns cases involving several plausituation referents. In
example (9) half of the subjects named Jacksons demanding resirééedanachwhereas
the other half specified the Nuremberg trials as referent whertials are only inferred.

(9) Es sollte nach Robert Jacksons Willen kein &fiall bleiben;[er forderte schon damals die
Einrichtung eines Internationale Strafgerichtshof.. Gewil3, die Stralburger Konvention fiir
Menschenrechte, die Volkermord-Konvention der \faen Nationen entstanden unter dem
Eindruck von[Nurnberd,, Angriffskrieg gilt nicht langer als Recht souvee# Staaten. ... Ein
Internationaler Strafgerichtshof aber nimmt ersitbgb0 Jahre danach allmahlich Gestalt an:
in Den Haag, wo es um die Kriegsverbrechen im eligeraJugoslawien geht.

According to Robert Jackson’s volition, this shouldt remain an individual casehd has already
demanded at that time that an International Crinhilfdvision should be establishdd ... Surely, the
Convention of Human Rights from Strasbourg, the @ation of Genocide of the UN emerged from the
impression of[Nurembergd,; war of aggression is not longer a right of soigrestates. ... But an
International Criminal Division starts to graduathke shape today0 years after that in Den Haag
where the war crimes of the former Yugoslavia aaltdwith.

Both referents are plausible. The former Jacksons demandihg &stérnational criminal
division mentioned in antecederi$ described again in the anaphor-matrix-clause, so both
the antecedent-clause and the anaphor-clause are thematoaltected bydanach
Nonetheless, the latter referent derived from antecedentso plausible not only as it is
textually closer to the anaphor, it also gets causalgte@d to the establishing of the
International criminal division (and maybe even to Jacksons Dengnd¥loreover, the
Nuremberg trials are triggered by textual anchors INKélkermord (“genocide”).
Nonetheless, Jacksons demanding does not have to be inferred. Thus, cuatesiedent
reflects staying closer to the explicit textual mateniblle choosing antecederduggests a
more conceptually guided decision. Stdbth referents are somehow conceptually related.
Thus, this example may also be only another case of ambigudlyuntured enities. But we
cannot formulate a preference for one referent, so | conclude e¢htzwe to allow for some
instances of ‘proper’ ambiguity.

3 Summary and Conclusions

In the paper | first presented an account of the meaning and aicapharacterof the
German pronominal adverttanach By means of a pilot study, | have shown that the
resolution ofdanachinvolves several types of ambiguity, namely structural referential
ambiguity which have to be dealt with in the annotatiodafachoccurrences. In the case
of referential ambiguity we can distinguish the following sytes: 1. competition between
temporal and situation referents, 2. competition between simple amdustd situation
referents and 3. competition between several different situegfenents. In conlusion, |
argue that referential ambiguity has to be accounted for by uredéisg representations,
while structural ambiguity (e.g. anaphoric chains, competing NPSaarttecedents) can be
dealt with by the annotation conventions proposed. We should keep inhatrehhotation
conventions are a good means to standardise annotations but they anmesmely partial
solution for problems you have to deal with annotating and imtngr anaphoric
references.

Finally, we have to consider that the subjects often chose ombdate from a set of
plausible referents not noticing an ambiguity (implicit ambiguitihus, aglanachseems to
allow for some ambiguity, recipients are not expected to betalpescisely determine its
antecedent and/or its referent. So we better account for sqee of ambiguity, e.g. by

" The use ofNurembergto refer to theTRIALS is an example of the kind of metonymy where a
location name stands for something that happenetk tiis. Markert / Nissim's (2003: 9) on
metonyny and reference resolution).
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underspecified representations, since humans seem to tolenaes Poesio et al.’s (2005)
“Justified Sloppiness Hypothesistiggests.
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Abstract

Recent accounts of anaphor resolution propose a two-route architecture foerretation
of pronominals (e.g., Grodzinsky & Reinhart, 1993; Reuland, 2001). A pronousitban
be resolved by a grammatical operatiodogical syntax(i.e., variable binding) or through
value assignment irdiscourse (i.e., co-reference). Reuland (2001) proposes that an
interpretation through variable binding requires less processswurces and is therefore
preferred over a co-reference interpretation. Rule | compaeable binding with co-
reference interpretations to decide whether a co-referetegendency is allowed
(Grodzinsky & Reinhart, 1993; Reinhart 2000). This rule prevestodise processes from
by-passing logical syntax where the latter rules out an intatjme as ungrammatical. The
guestion is whether Rule | always compares variable bindindgn wi-reference
interpretations, or is only executed if a dependency is initialgdraut by logical syntax. In
an eye-tracking experiment we manipulated the interpretation dfigaous and
unambiguous pronouns in an attempt to explore how variable bindingfezence and
Rule | influence the way readers resolve pronouns. The rebolts that if a pronoun was
ambiguous between a variable binding and co-reference antecedewaritiide binding
antecedent was initially preferred even if discourse infoonatilearly favoured the co-
reference antecedent. Therefore, we argue that logical Hgnfamcesses function
independently from discourse processes, indicating that it beawarranted to consider
logical syntax and discourse as distinct modules of the langyatmrs Furthermore, the
language system does not seem to apply Rule | in cases wherabable binding and co-
reference lead to the same grammatical interpretatiogesting that Rule | is only relevant
in cases that are potentially ungrammatical.

Background

Experimental studies have identified a range of factorsirtfiaence the resolution process
for pronouns. For instance, subjecthood or first mention (e.g., McDé&adWhinney,
1995), gender information, (e.g., Arnold, Eisenband, Brown-Schmidtugsivell, 2000),
recency or distance (e.g., Clark & Sengul, 1979), and implicitatiusnformation of
interpersonal verbs (e.g., Caramazza, Grober, Garvey & Yates, K8dmneef & Van
Berkum, 2006) all seem to affect the search for a refererthifpsycholinguistics the
current debate mainly focuses on the questitven during comprehension these factors
influence the pronoun resolution process. For instance, somethegugender information
becomes available and is put to use before other factors carahaféect (e.g., Ehrlich,
1980), while others claim that gender is only used during spediategic or later
processing (e.g., Greene, McKoon & Ratcliff, 1992). Still otherpgse fully dynamic
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accounts where multiple sources of information are used ailglaio guide the resolution
process (e.g., Arnold et al.). However, these different viegave in common that they all
implicitly assume that the pronoun is connected to a referentd®ssing the discourse
representation of the preceding written or spoken text. More gJadlgif they presume a
one-route architecture to resolve a pronoun.

On the other hand, linguistic accounts of pronoun resolution (e.g., Reih888)
argue that the language system has two ways by which a prosatonmected to an
antecedent; (i) the pronoun behaves as a variable dudirglby its antecedent, or (ii) the
pronoun receives a value from the discourse storage throughetered. Consequently,
sentence (1) has actually two possible representations, ongidh e is bound by the
clown’ (ex. 1a) and one in which the value b&* can be freely chosen from the discourse.
If in the latter the clown’is picked as the proper antecedent for the pronoun the two
derivations have the same interpretation (ex. 1b).

(1) The clownthinks that hgis funny
(@) The clownix (x thinksx is funny)
(b) The clownix (x thinksa is funny) anda = x

Variable binding is only possible if the antecedent c-commahdspronoun.
Informally, a c-commanding antecedent can be characterizeétbeasy higher in the
syntactic tree’ of a sentence than the pronontidal.a result, variable binding is licensed in
example (1) but not in example (2). In the forntée‘clown’is higher in the syntactic tree
than he’, but in the latter there is no c-command relation becausentieeeaent and
pronoun appear in different sentences. Hence, in structureg2)ikenly a co-referential
dependency can be constructed. On the other hand, if the antecedeins aorfaantifier
such aseévery’, co-reference is ruled out (see ex. 3) and variable bindimgfast the only
option for establishing an anaphoric dependency (e.g., ex. 4).

(2) The clownknows it for sure. Has funny.
3) *Every clown knows it for sure. Has funny.
4) Every clownthinks that heis funny

The two-route architecture of the system comes with one impadrtgiication
illustrated in (5). Logical syntactic constraints (i.e., HpglecB) rule out a variable binding
relation between the pronoun and the antecedent, as the pronouwtigalily too close to
the antecedent (i.e., not ‘free’ in its binding domain). However, wewstill have to explain
why the availability of a co-referential interpretation sla®t systematically bypass the
effect of Principle B.

(5) *The clown hates him

1 A widely accepted formal definition of c-commarsdais follows: phrase c-commands phragif
and only if phrase does not contain phrafeand the first branching node dominating phrasdso
dominates phrage (see Reinhart, 1983, for discussion).
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A solution is provided by Rule ?.The original idea was that Rule | always
compares the variable binding interpretation to the co-mederenterpretation and opts for
the former unless the two potential dependencies yield differempretations (Grodzinsky
& Reinhart, 1993). By applying this rule to (5), both variable bin@ind co-reference are
ruled out; variable binding is blocked through Principle B andeference is therefore
blocked as well because the two interpretations would beigdéfite., in both case$é =
the clown). However, on this construal Rule | does not only bear on ihéaor
dependencies like (5), but on all dependencies that haveeedent in a potential binding
position, and a co-reference solution that points to that sambecedent. Thus, in
grammatical example (1), where both variable binding and evenrede are possible in
principle, the costly application of Rule | is predicesiwell. Recently, however, Reinhart
(2000) has proposed that Rule | only prevents co-referenceblypassing variable binding
when the grammar rules out a variable binding interpretationhemdg, is only executed in
potential ungrammatical cases like (4) and not in cases like (1).

According to Reuland (2001), variable binding and co-reference fesml distinct
processes in two functionally independent modules. Furthermore,pitoposed that a
general economy principle governs the division of labour between the mdshsesl on the
number of cross modular steps. That is, variable binding is thoudi® toore economic
than co-reference because it requires fewer steps. By inatingpthe economy principle,
the theory assumes a processing hierarchy in which variaidénihas precedence over
co-reference. Hence, if a pronoun is ambiguous between a variablegoamdi co-reference
antecedent the pronoun is predicted to be (initially) interpreted asmgfeyrihe former and
not the latter. Given the logic of the theory this preferenag stem from two sources; (i)
differences in processing cost intrinsic to the processess#tess, or (i) a time course
effect — the variable binding option becomes available befaed-reference option and,
hence, is initially taken. A similar proposal was made byiBraand Clifton (2000) who
hypothesize that ‘a bound-variable interpretation is preferredubecthe perceiver need
only consult the Logical Form representation (not the discourseseamation) in order to
identify the bound-variable analysis of the sentence’. In @&sseaf reading time and
guestionnaire experiments they examined this hypothesis and tepaisted results. It
seemed that consistent results could only be found in VPigllguntexts and did not
generalize to other (quantificational) contexts, which led themeject their ‘LF-only’
hypothesis.

In this study, we addressed the hypothesis that the parser @refargble binding
over a co-reference dependency using structures very différem VP-ellipses. In
addition, we studied whether the preference as implied by Résilamobdel might be
attributed to an intrinsic difference in the associated psimgsosts or is rather a time

2 A simplified version of original Rule | is: a pronn cannot co-refer with a particular antecedent if
the co-reference interpretation is indistinguishebdm what would be obtained if the antecederd$in
the pronoun.

A simplified version of revised Rule | is: a promowannot co-refer with a particular
antecedent if (i) the antecedent is in a potebiiading position, yet cannot bind the pronoun (ttue
Principle B), and (ii) the co-reference interprigtatis indistinguishable from what would be obtairiie
the antecedent binds the pronoun.

It is important to note that the original and redsRule | are formulated in a way that
correctly allows co-reference to by-pass PrinciBlén some specific situations. For instance, the
dependency ‘him = Bill’ is allowed in the followingxample: “It is clear what Bill and Mary have in
common, she adores him, and Bildlores himtoo”.
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course effect. Finally, we examined whether the revised orersf Rule | should be
preferred over the original version, or alternatively, that we shouldtanaithe latter.

An eye-tracking experiment

In an eye-tracking experiment 36 Dutch participants readiessgfrshort stories containing
36 experimental items (latin square design). In the experimentmanipulated the
resolution of ambiguous and unambiguous pronouns to examine the issues discussed above.

The hypothesis that logical syntactic operations are prefesked discourse
operations predicts that if a pronoun is ambiguous between a vabiglieg and co-
reference antecedent the language system initially cotstau@riable binding dependency,
even if the context strongly supports a co-reference dependenagstTthis prediction we
presented stories like (6) and (7). In both stories the critical sentemizéns the ambiguous
pronoun he’ with two potential antecedents (i.eevery worker'and Paul’). In story (6)
the context preceding the pronoun supports a reading in wisichfers to the variable
binding antecedent (i.ehe = every worker). In story (7), on the other hand, the preceding
context strongly supports a co-reference reading (ike,= Paul’)®>. Reuland’s model
predicts that in story (7) initially the ‘wrong’ (variablending) antecedent is chosen,
because this dependency is initially preferred over thefecerece dependency. As a result,
in (7) readers have to re-analyze their initial interpi@teto construct the more suitable co-
reference dependency.

(6) Biased towards variable binding antecedent (VB-bias)
A working day in the factory is always very tough. Especisdigay a lot of
workers, among them the very old man Paul, could barely &weey worker; who
just like Paul was running out of energy, thought it was very thiaehe could go
home early this afternoowfter a hot shower things would probably look better.

(7 Biased towards coreference antecedent (CR-bias)
A working day in the factory is always very tough. Especitilyay the very old
man Paul could barely copevery worker who knew th&aul; was running out of
energy, thought it was very nice theg could go home early this afternaokfter a
hot shower things would probably look better.

Whereas readers did not seem to have obvious processing difficlltieng the
initial interpretation of the CR-biased pronoun as indicated byathsence of significant
first-pass differences in any of the regions, theyrbleslowed down during later stages of
processing, as significant longer reading times emerged i@Rhbiased condition in the
second-pass measure (see Figure 1). More specifically, readerated the critical region
(i.e., containing the pronoun) and the preceding region longer in th@aSBd condition
than in the VB-biased condition. This finding, particularly the déffele in the pre-critical
region, suggests that readers were engaged in re-analysis tiwby read a CR-biased

% We tested our materials in two internet-based tipmsaires. In one of them we simply asked
participants to indicate how they interpreted thenpun by giving them a 2-choice option between
the variable binding antecedent and the co-referamtecedent. In the other we presented the stories
up to the critical pronoun and instructed the papéints to finish the story with the first endirt
came to mind. Both experiments revealed an eqstibng bias towards the intended interpretation.

68



context. Hence, this result is consistent with the idea thariable binding reading is
initially preferred over a co-reference reading even if the contiextgdy supports the latter.

Figure 1. Mean Second-Pass Durations in msec per charactethéVariable Binding Biased (VB-
bias) and Co-reference Biased condition (CR-bias).
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e.g.. Every workel thoughtit\ that he\ could g\ home earh this afternoor

To test whether this preference for a variable binding irg&apon occurs because
logical syntactic computations are intrinsically less gogthn discourse computations, we
presented stories containing unambiguous pronouns like (8) and (9). Irstbads the
pronoun he’ has only one possible referent (i.every worker'or ‘Paul’). By hypothesis,
the process that assigns the referent to the pronoun diffevedse conditions. In (8) the
pronoun can only be resolved at the logical syntactic level bedhesantecedent is
guantified, and therefore, by definition not referential. On therotlaad, in (9) no c-
command relation exists betwedtaul’ and he’ and the pronoun can only receive its value
through co-reference. If co-reference is intrinsically masstlg than variable binding we
should expect longer reading times in (9) around the critical pronoun.

Furthermore, we included stories like (10) and (11) to check whetbariginal or
revised version of Rule | is preferred. According to the paliersion of Rule I, a costly
comparison between variable binding and co-reference should ¢ img10) and (11)
because both processes are available in principle. Consequenggr reading times are
predicted in story (10) and (11) than in (8) and (9). In contrasised Rule | does not
predict a difference in reading times as this version sugdkeat the rule is only executed if
an antecedent in a potential binding position is ruled out by #rargar, which is not the
case in any of the stories.

(8) Variable binding only (VB-only)
A working day in the factory is always very tough. Especially today a lot of werker
could barely copeEvery worker; who was running out of energy, thought it was
very nice thathe could go home early this afternoofifter a hot shower things
would probably look better.

(9) Co-reference only (CR-only)
A working day in the factory is always very tough. Especitilyay the very old
man Paul could barely copaul; was running out of energy. It was very nice that
he could go home early this afternookfter a hot shower things would probably
look better.
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(10) Variable binding/co-reference 1 (VB/CR1)
A working day in the factory is always very tough. Especially today a lot of wsrker
could barely copeAll workers who were running out of energy, thought it was very
nice thatthey, could go home early this afternoofster a hot shower things would
probably look better.

(11) Variable binding/co-reference 2 (VB/CR?2)
A working day in the factory is always very tough. Especitiyay the very old
man Paul could barely copRaul;, who was running out of energy, thought it was
very nice thathe could go home early this afternoofifter a hot shower things
would probably look better.

We observed no significant differences in first-pass, regmespath and total
reading durations in any of the regions. The analysis of the d¢ass durations, on the
other hand, revealed an unexpected effect. In the Variable Bindiggcondition longer
second pass reading times emerged in the region that dii@tilyed the critical pronoun
(region 4, see Figure 2). The comparisons between the other conditeeeled no
significant differences. As such, this finding provides no supfmorthe hypothesis that
discourse operations require more processing resources than logiaatisyoperations.

To examine the predictions of the different versions of Rulgel,compared the
mean reading times collapsed over the conditions in which only atewas available (the
only conditions) to the mean reading times collapsed over theticmsdin which both
routes were available (th&B/CR conditions). The analyses revealed no significant
difference in any of the regions. These results are cornsisi#nthe predictions of revised
Rule I, and not with original Rule I.

Figure 2. Mean Second-Pass Durations in msec per charactethi Variable Binding Only (VB-
only), Co-reference Only (CR-only) and Variable ding/Co-reference Conditions (VB/CR1 and
VB/CR2).
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e.g.. Every workel thoughtit\ that he\ could g\ home earh this afternoor

Conclusions
In an eye-tracking experiment we manipulated the interpoetatif ambiguous and

unambiguous pronouns in an attempt to explore how variable bindingfecenee and
Rule | influence the way readers resolve pronouns. The result;méimbiguous pronouns
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revealed that no processing differences existed for pronouns thdtbeobnnected to their
antecedents by only one route or, alternatively, by both routes. rBEsult seems
inconsistent with the original idea that Rule | always compdhnes variable binding
interpretation to the co-reference interpretation and optsh®rfarmer unless the two
potential dependencies yield different interpretations (Gns#tyi & Reinhart, 1993). The
absence of a costly (and intuitively redundant) comparison bettheetwo derivations in
sentences with grammatical variable binding dependenciestise ather hand, completely
consistent with the predictions of revised Rule |, in which isgumed that the rule is only
relevant under specific circumstances (Reinhart, 2000). Thakeiparser does not seem to
apply Rule | blindly, but instead only uses it for structuieslar to the clown hates him
These structures never allow a variable binding interpoetats the pronoun is structurally
too close to the antecedent (i.e., a violation of Principle B)psetented within the right
context a co-referential dependency can be established, prokategvised Rule | allows
it (see Footnote 2 for an example).

Consistent with Reuland’s (2001) processing hierarchy for anaphauties we
found that ambiguous pronouns are preferably connected to a variakilegbamtiecedent
even if discourse information clearly favoured a competingeterence antecedent. This
suggests that the preference for variable binding dependdscie® restricted to VP-
ellipsis, but is a general tendency of the human parser during anagdaution.
Furthermore, as discourse constraints seem to be unable to etehednfluence the
preference of the parser, we propose that the variable binderprietation is established
independently from the discourse storage, which is consistémavwo-route architecture
for pronominal resolution (Reinhart, 1983; Grodzinsky & Reinhart, 18@®iand, 2001).
Moreover, our results indicate that it may be warranted to conkidecal syntax and
discourse as distinct modules of the language system (Reuland, 2001).

As noted, if the construction of a dependency in the logical syntaxidule has
precedence over the construction of a dependency in the discoodske, this can either
indicate that the former is intrinsically more economic than latter, or it can be a time
course effect, in the sense that the logical syntax modulecéssed earlier. For the latter
issue it may then be relevant that, in the case of unambiguwonsuns we found that a
pronoun that could only be resolved through variable binding requice processing
resources than a pronoun that could only be resolved trough theeoenesf route. This
result appears to go against an approach based on intrinsic econoowldlbe caused by
the specific antecedents we used in our stéBgkhardt (2004), for instance, suggests that
guantified antecedents likeevery worker are more complex than non-quantified
antecedents likehe worker’'or ‘Paul’ and, as a result, increase the processing load during
pronoun resolution. In her account the most economic dependency betwesoenpand
antecedent is established with so-called ‘light quamsfiéke ‘everyone® If it is indeed
more costly for the parser to connect a pronoun to an antecedemvigkg worker'than to
an antecedent likePaul’, the preference for the quantified antecedents in our ambiguous
materials cannot be exclusively attributed to a differencgeracessing costs for variable

4 As one anonymous reviewer pointed out, the critipgdnouns in the CR-only and VB-only
conditions appeared in different structural corgexthich may have caused the unexpected effect.
However, this would left unexplained why the readiimes for the CR-only condition did not differ
from the VB/CR conditions as in the latter condigahe structural context was exactly the same as
in the VB-only condition.

> Currently we are conducting an eye-tracking expenimin Dutch in which we compare the
interpretation of pronouns with light-quantifiedjantified and non-quantified antecedents.
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binding and co-reference. This might suggest that the langyage=rs prefers a binding
interpretation, not because it is by definition more econorit (tepends on the type of the
antecedent), but due to the time course of processing. That is, flee ipitially considers
c-commanding antecedents by consulting the logical syntactic maddlenly later has
access to the discourse module after which other (sometimessuitable) antecedents are
evaluated. At this point, however, this explanation is rather sgeailand needs to be
examined more explicitly in future experiments.
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The goal of this paper is to explore whether game theory causicior the
distribution of pronouns in Catalan, a null-subject language. | extemd t
game-theoretical account proposed by Clark and Parikh (2006), wésh u
games of partial information to account for anaphora production and
resolution in English. Their proposal needs to be extended to accouhe for
fact that null-subject languages make extensive use of null proriauns
subject position, apart from overt pronouns, proper names and definite
descriptions. The main idea is that speaker and hearer clio®smost
efficient strategy with the highest payoff, given the tgpentity they want to
refer to (more or less salient) and the kind of informatiory tvant to
convey. Game theory provides an elegant framework to caphaghara
production and resolution, by giving payoffs to each option and probabilities
to information states. However, anaphora production and resolution in
Catalan constitute a challenge for this type of approach. Whideapproach
elegantly captures the use of an overt pronoun to mark a spdorahation
structure, its use in intrasentential anaphora situation®is problematic to
model.

1. Introduction

In Catalan, a pronoun in subject position can be either overt or phonologically nulbdlhe g
of this paper is to model the distribution of overt and null pronournkirve game-
theoretical framework, extending the account proposed for EnglisGldnk and Parikh
(2006) and discussing whether game theory makes the right predictions.

This paper is structured as follows. Section 2 gives an mwergf game theory and its
applications to linguistics. Section 3 briefly reviews Clankl #arikh’s proposal. Section 4
introduces the pronominal system of null-subject languages. Sectinal{izes some cases
of intrasentential anaphora in connection with the choice and ietatipn of referring
expression. Section 6 deals with the situations in which overt preramenmandatory as
markers of a particular information structure. Section 7 concludes.

2. Game theory and linguistics

Game theory (GT) is the study of mathematical models of cbiaftid cooperation between
intelligent rational decision-makers (Myerson, 1991). In linge8stGT has mainly been
used in semantics and pragmatics, since it provides a good fraknewexplain why
speakers and hearers (that is, rational agents) chooseia aetian, i.e. why they utter a

! Thanks to Robin Clark, Prashant Parikh and Josib&i@r for many helpful comments and to Lucas
Champollion for many interesting observations aod Iétting me use his ideas of how to draw a
game tree.
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sentence or interpret a sentence with a particular meaning particular context.
Specifically, game theory has been applied to derive therdiemaf questions, quantifiers
scope, discourse anaphora (Clark and Parikh, in preparation) anidaiomgs (Parikh,
2000).

The basic idea of GT is that an agent must often decide ameatpkpossible actions; in
such cases, he will obviously choose the one he prefers. It $blgoso translate this
preference by giving a numerical value (or payoff) to eagtion. The option with the

highest number will be the preferred action. However, sometimadfpaare uncertain, so
that every possible outcome has a certain probability assdordth it. In that case, the
agent might choose the action with the highest expected payoffnaigheprefer the action

with the minimum risk. When there is more than one agent maldagions, the action one
agent decides to do might affect the other agents’ payoffs hod, the other agents’
decisions. That is, one agent needs to consider the other agtiuss and payoffs in order
to choose his best option. In this sense, there is a straégiaction among all rational
agents. When no agent has an incentive to change his action @jivethers agents’

actions), an equilibrium (called Nash equilibrium) is reached amdjaime is solved. In a
given game, there may be several Nash equilibria; the owéf{sthe highest payoffs for
both agents is called Pareto-Nash equilibrium.

A game of partial information is that in which, at some point, @inthe agents does not
know which state he is in. The usefulness of games of pafitmmation for linguistics is
straightforward (Parikh, 2000). Speaker and hearer are ratigeaisa the speaker is trying
to convey some information by uttering a proposition (among the $epessible
propositions she could utter), and the hearer is trying to d¢lyriaterpret this proposition
(among several interpretations, given the fact that langisag@biguous). Both agents are
trying to minimize production and processing costs (by, for @i@navoiding unambiguous
but extremely long sentences), while communicating successfully.

3. Clark and Parikh's approach
Consider the simple text in (1):
1. A cop saw a hoodlum. He yawned.

There are several issues regarding the choice of refexipigssion in this small text, both
from the speaker and hearer point of view. Namely, how does ther [{Ba know whohe
refers to? Why does the speaker (A) choose to b#enstead of a definite description
(DD)? Clark and Parikh (2006) view this problem as a gamertiipaformation in which
A and B share some knowledge and in which they try to find thé efiicient strategy to
solve the game of communicating the utterance. On the one hange® particular
discourse anaphors when she expects B to be able to cordecitify the referent. On the
other hand, B chooses antecedents to discourse entities based ondxpedie A to refer
to each entity. As both agents, speaker and hearer, are awthrg faict (they both know
they are playing this game), they can find a maximally efficsolution, that is they can
compute a Pareto-Nash equilibrium as a solution for the game. dduilibrium is
maximally efficient in the sense that for A it is the b&al to encode the meaning that she
wants convey and, for B, given the form he has heard, it is thenagsto interpret the
referring expression.

The game tree in Figure 1 shows the moves of A and B and toffp#yey get in each

situation for each option. There are two trees for each infavmatiate s and s', with
probabilities p and p'. The tree rooted in s is the one in whiaitekds to refer to the cop
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(Subj, henceforth), and s' is the one in which A intends to teféhe hoodlum (Obj,

henceforth). For each tree, A may use a pronoun or a DDpitbm@oun is used, B may
resolve the anaphor correctly or may make a mistake. i§hpsecisely what makes this
game a game of partial information: when hearing a pronoun, Brawésiow whether he
isintorint (this is indicated by circling both states).

In's, if A uses a DD, B will surely resolve the anaphmrectly. However, the payoffs will
not be very high due to production and processing costs (DDs are imjsyntactically
more complex than pronouns) and due to the assumption that referrangpraminent
element (the subject) with a full description rather thamoagun entails some cost. In the
example, these assumptions are modeled by payoffs?fIf&) uses a pronoun in s and B
correctly resolves the anaphor, the payoffs are higher (@e $he costs are much less.
However, if B interprets Obj instead of Subj, the payoffs woulddgative (-10) and would
lead to an undesirable situation. In s', the situation is veryesirffowever, if a DD is used,
the payoffs are (7) (and not (6) as in s), which representfad¢héhat using a DD for a less
prominent entity (the object) is assumed to be less costlg, Al& chooses a pronoun and
B correctly chooses Obj, the payoffs are (8) and not (10), bedls less efficient to
pronominalize a less prominent element. If A chooses a pronoun amudrBectly chooses
Subj, the payoffs are again negative (-10).

To summarize, payoff are assigned following this two principles:

1. Longer expressions are most costly, while pronouns are less expensive

2. Itis cheaper to refer to more salient entities with pronoand,to less salient entities
with DDs.

B guesses:
Subj
v
o B guesses:
Sub ¢ +0
A utters "he”
5 x —10

! | B guesses: Obj

A utters "he" t' B guesses:
g' - Subi X _ 10
Vs
o’
B guesses: Obj
A utters
"the hoodium™
L v

+7

B guesses: Obj

Figure 1

2 They assume payoffs are equal for speaker anéthear
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In absence of further information, they assume that the two infamstates are equally
likely, that is p = p’ = 0.5. In that case, there are tvesiNequilibria. One corresponds to A
utteringhein s, utteringthe hoodlumn s’ and B choosing Subj whenever he’s in {t, t'}.
This equilibrium has an expected payoff of p-10 + p’-7 = 8.5. The etiglibrium
corresponds to A utterinfpe copin s,hein s’ and B choosing Obj. This equilibrium has an
expected payoff of p-6 + p’-8 = 7. Since the payoff of thedigsilibrium is higher, it is the
unique Pareto-Nash equilibrium and it is the strategy A and B will follow.

Clark and Parikh also show how this account can deal with apgarenterexamples. The
basic idea is that several factors can influence the pilitiessh so that one of the
information states becomes more likely. For instance, note the followiritast:
2. a. John called Bill a Republican. Then he insulted him.
b. John called Bill a Republican. Then HE insulted him.

The partial game just presented correctly predicts thapittveoun in (a) should refer to
John. The game for (b) should be identical to the game for (ayever, the contrastive
stress in the pronoun has the effect of affecting the proliedilgo that p’ > p; that is, it
becomes more likely that the speaker wants to refer to the objectpkthieus sentence.

4. The pronominal system of null subject languages

Catalan, as other Romance languages including Italian or Spiardshyll-subject language
and has a double system of pronouns: (a) strong lexical pronourfb)atidic and empty
pronouns.

3 a. Ell t estima a tu b T' estima
he obj-cl loves to you obj-cl loves
"He loves you' "He loves you'

In subject position, there is an alternation between overt androualbyns €Il in 3a, null in
3b). From a pragmatic point of view, weak pronouns are the unmérkedin Catalan
(Vallduvi, 2002). It has been suggested that overt pronouns ar&vbeadfor some reason,
it is difficult to access the referent they denote. Fetaince, one such case would be when
there are two possible antecedents for the pronoun. The use opmrestin could help to
select the less accessible antecedent. We will explore sénthese cases in section 5.
However, Vallduvi (2002) also notes that in some cases theofusgert pronouns is
mandatory. Constructions in which a stressed form is neededs(c@efwers to a wh-
guestion, comparative constructions, focus constructions, construgtitnsan elliptical
verb) will require the use of an overt pronoun, since a null pronoumotaof course, be
stressed. Such cases will be examined in section 6.

5. Intrasentential anaphor in Catalan
Consider the following mini-discourses:
4. a. El Joan vapegar el Per@] Esta enfadat
The Joan hit-PAST the Peter. Is angry
b. El Joan va pegar el Pere. Ell esta enfadat.
The Joan hit- PAST the Peter. He is angry
c. El Joanvapegar el Pere. EI Pere/?? El Joan esta enfadat
The Joan hit- PAST the Peter. The John/The Peter is angry

Alonso-Ovalle et. al. (2002) used the Spanish version of 4a and 4 éxperimental

setting. They asked subjects the question "Who is angry?”. Wheenpee with the text in
(4a), the subject of the first sentence was chosen as antecedbetriall pronoun in 73.2%
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of the answers. When presented with (4b), the percentage of respbossing the subject
of the first sentences dropped to 50.2%, while the percentagesmdnses choosing the
object of the first sentence increased considerably.

| reproduced the same experiment with thirteen Catalan sgeakérthe results were fairly
similar to the Spanish experiment. For the null pronoun, in 68.75%eofdntences, the
speakers said the pronoun referred to the subject, in 18.75%, to the objeciark®s they
judged the pronoun to be ambiguous. In contrast, with the overt pronoun, 58&otwhe
the speakers said that the pronoun was referring to the subject and 50% jedhe ob

From the Spanish and Catalan experiments, we see the following genieraizat
e The null subject of (4a) is mostly interpreted as unambiguoe$brring to the
subject of the previous sentence, Joan. Being interpreted asbjbet of the
previous sentence is not impossible, but much less likely.
* The facts of (4a) sharply contrast with the situation b).(Experimental data from
Spanish and Catalan indicates that both the subject and the aibfbet sentence
are equally likely.

As for (4c), the felicity of using a proper noun (or a DD) depemnigshe grammatical
function of the phrase referring to this entity in the prasisentence. Using a proper noun
to refer to a previous subject (the most salient entith@fsentence) is highly infelicitous.
Using a proper noun to refer to the object of the previous senfehazh is less salient) is
perfectly felicitous.

Modeling these facts with game theory is a challenging Esk.game between hearer and
speaker to resolve the anaphor, shown in Figure 2, looks similze tgame for the English
discourse in Figure 1, but the complexity has increased becanse Aas three choices,
instead of two: she can use an overt pronoun, a null pronoun or a pmperB has to
decide whether A wants to refer to Joan, Subj, or to Pere, Obj.

Let’s first assume that A wants to refer to Subj (thei@cinformation state is s). In that
case, if A uses a proper noun, B will surely interpretiitemily, but the payoffs will not be
high because of the production and processing costs and becausetiefficient to use a
proper noun to refer to the subject. We model this with payoffs)off(® uses an overt
pronoun and B correctly interprets Subj as the referent, the payoffs will be thighen the
case of the proper noun, but not maximally high (not (10)) becauseishe better strategy
to refer to a maximally salient entity. This strategy is the use of grrbun: it is the most
efficient and less costly strategy to refer to maximaéiient entities and, thus, the payoffs
are (10). When using a pronoun (overt or null), there is the elthiat B makes a mistake
and incorrectly interprets Obj instead of Subj. In such cases, the payoffsgative (-10).

Let's now assume A wants to refer to Obj. If B incorrectly interprets &uhgi case of both
pronouns, the payoffs are again negative (-10). If A uses a nullyrptiee payoffs will be
(9), and not (10) as in s, since it is not as efficient theausall pronoun to refer to a non-
maximally salient entity as to refer to a maximally exaflione. The use of a proper noun
yields a better payoff than in s, (7) versus (5), becausereveeterring to a less salient
entity.
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Figure 2

The difficult task is to assign a payoff to the overt pronoun.mastioned, the use of an
overt pronoun is considered ambiguous. This suggests that thespafaf§ing an overt
pronoun should be the same in s and s’. However, no payoff fowvémepronoun will fully
capture the data we want to model:

- If the payoffs consist of any fixed value greater than 7, thet®&lash equilibrium
will predict that A should choose the null pronoun in s, utter thet pvenoun in s’
and B choose Subj whenever he’s in {t, t'} and the Obj consigtaritenever he's
in {u, u'}. The intuitive reasoning behind this Pareto-Nash eluiilm is the
following: the hearer knows that the speaker will alwaysausall pronoun to refer
to the subject and, therefore, is able to conclude that th&espedl only use an
overt pronoun to refer to the object.

- If the payoffs consist of any fixed value smaller than 7, Breslicted to choose a
proper noun to refer to Obj, since it will have a higher payoff tlin avert
pronoun.

Therefore, neither option is consistent with the data | wamiddel. This suggests that in
order to model the ambiguity of the overt pronoun we need its paypoffe indeterminate
and to fall within a range. To maintain the Subj-Obj asymmeitey payoff for the subject
should be in the range between 7 and 10 and the payoff for the objeeebedvand 9.
Modeling the overt pronoun’s payoff as a range and not a fixed galueapture a number
of things:
1. When hearing an overt pronoun, B will not be able to choose a pategst
because, whenever the payoff for the overt pronoun is smallei7thhere are two
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Pareto-Nash equilibria: one in which B has to interpret tbaqam referring to the
Subj and the other to the Obj. Therefore he will have to charsmly between
the two options.

2. Referring to the Subj with a proper noun is highly infelicitous. @adel predicts
exactly this, since there are at least two more efficidtaernative strategies: the
most efficient and unambiguous use of a null pronoun and the ambiguoofsanmse
overt pronoun. In contrast, the use of a proper noun to refer to hhefQhe
previous sentence is fully acceptable. Given that thet gorenoun strategy was
ambiguous and its payoffs indeterminate, the proper noun stratetpe imost
efficient unambiguous strategy.

3. A change of probabilities, by biasing towards one of the infoonadtates, should
be able to affect the choice of pronouns. Namely, when sore iikely than s, the
speaker will be able to use the null pronoun to refer to Otis biasing can be
caused by lexical semantics, by choice of discourse marker&atexample, in
(5) the null pronoun unambiguously refers to the previous object. Tdwndi
comes from the lexical semantics of the verbs (if X ¥it¥ is likely to spend time
in hospital and not the other way round) and from the consequencectoafriper

AN b

aixo” ‘therefore’.

5. El Pere va apallissar el Joan. Per aix0, va haver-se d’ estar-se un mes
a I’ hospital
The Peter beat-pst  the John. So, had-pst of stay-pst one month
in the hospital
“Peter beat John. So, he had to stay one month in the hospital”

An obvious question to ask is why should the overt pronoun be associated with a range in its
payoffs. Although | don’t have a conclusive answer, | would like tgesigthat it is related
to the fact that the overt pronoun covers a middle ground inla stcefficiency. The null
pronoun is clearly the most efficient way of referring toxmmally salient entity and a
proper noun is the less efficient, but more safe way. The okaropn falls in the middle
and it has a mixed status: it is a pronoun, but, unlike most pronounst the most
economical way of referring to some entity. A related questionldvbe how this mixed
status of the overt pronoun affects the choice of a spedhkerddta | have been examining
has to do with interpretation and not with production. A plausible ezprence of the
indeterminacy of overt pronouns would be that speakers will avoid them unlg$stieean
extra reason to use them. Section 6 deals with what these extra reagdmes ma

To conclude this section, the Catalan data presented is a challerggrfgicgame theory:

- The use of a null pronoun unambiguously refers to the subject gbréwious
sentence and these facts are translated in high payoffsdatithiegy. Reference to
the previous object only arises in case of biasing.

- The use of a proper noun is unacceptable for the subject of tieysreentence
and acceptable for the object. Both facts are predicted by our model

- The use of an overt pronoun seems to be ambiguous for the hearer asdtarém r
choice. We have modeled this by proposing that the payoffs for thepreaoun
are not fixed, but fall within a range. The hearer when tryinmterpret an overt
pronoun will not be able to choose a pure strategy and will have to randoodse
between Obj and Subj.
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6. Overt pronouns as markers of a particular information structure.

In this section, | discuss situations in which an overt pronoun ligatdry in subject
position in Catalan, in spite of being the marked option anthefe being always the
hypothetical alternative of using a null pronoun. Overt pronouns in d@atedn be
mandatory even when there is no ambiguity as to which entity ieferent. Catalan is a
language with rich verbal inflection that indicates the gratical person of the subject of
the sentence. For instance, in (6) the verbg@ ‘deny’) is unambiguously first person
singular. Therefore, the pronoun does not play any disambiguatiorHmleever, using a
null pronoun is not an option and the discourse would be unfelicitausiif a pronoun was
used. Why is it so? All examples in which this is the case haspecial informational
structure, which involve focusing or contrast and which requisegment that may be
stressed. Obviously, a null pronoun cannot be stressed and, thereforertamanoun must
be used.

6. “Hom ha arribat a afirmar que Bernat Mies és el coneguirp@rgueda Joseph
Maria de MartinJo ho nego rodonament [..]”

“One has even claimed that Bernat Mies is the famous paloseph Maria de
Martin. | deny it vigorously

In (6), there is a clear contrast between what people claim and whae#hkeisplaims. Note
that in English, a special focus accent would be used on the prdnoGatalan, actually
pronouncing the pronoun is enough to convey the contrast.

We can model this situation using partial gainEsr B, the ambiguity is not between two
possible antecedents for the pronoun, but between two possible étdtqms: the literal
interpretation 1), in which the pronoun just refers to some discourse antecedentha
informational-structure interpretationy), in which apart from the referential use of the
pronoun it also conveys some other information (contrast, focusing, etc.). {Enptetation
i.s. contains more information thiatand this fact will be encode in the payoffs.

Figure 3 captures all the relevant facts. The two initial noded s'aepresent two different
situations in which A wants to convey eithies. is | respectively. B, when hearing the
pronoun (overt or null), will not be sure in which state he is @am:tt in the case of an overt
pronoun, g or g’ in the case of a null pronoun. In addition, we also need to catbiele
propositions that A might have said but chose not to. In s, A d@ud said a proposition
exin which the information structure is explicit (for instan“In contrast, I"). In s’, where
the speaker does not want to convey any extra information structure, A couldhbsga to
remain silent, proposition

As for the payoffs, in s, if A uses an expression that exigliconveys the information
structure, B will correctly interpret it, but the payoffs will not bepeigh due to processing
and production costs. If A uses a null pronoun in s, the payoffs wilebative (-10), since
a null pronoun cannot express this information structure meanindnarkarer will surely
misinterpret. If A uses an overt pronoun, B can interpfahd, therefore, the payoffs will
also be negative) or can correctly intergrst In that, case the payoffs will be (8), since
there are some processing costs but less than in the case of the exyplasttjom.

My analysis follows very closely Parikh’s (2000)adysis of implicatures.
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In ', if the null pronoun is used, B will correctly interpkrend the payoffs will be positive.
If an overt pronoun is used, B may incorrectly interpeetand the payoffs will be negative
or the hearer may successfully interppetin which case the payoffs will be positive.
However, the payoffs will be lower than the same situation ginge in s’ the information
conveyed is less and, therefore, has less value. Thus, we thiedey assigning payoffs of
(7). Finally, probabilities will be assigned to the initial nodeand s’. In this case, we can
assume both information states have equal probabilities.

There is a unigue Pareto-Nash equilibrium with an expected p&y®$ ¢-8 +p’-9), which

is the following: {(s, overt), (s’, null); ({t, t'}, i.s.),{a, g}, 1)}. In information state s, A
should utter an overt pronoun; in information state s’, a null pronauhelinformation set
{t, t}, A should interpreti.s. (the literal interpretation of a pronoun plus the extra
information structure meaning) and in the information set {q, q'}, B shoukrpret just the
literal meaningd. That is, when a null pronoun is used, no information structure megning
conveyed. In contrast, using an overt pronoun is a possible way teycsumeh information
structure. Therefore, even if the absence of ambiguity airigiaan overt pronoun will be
used if the speaker needs to convey meaning related to contragisingp

In this case, the game-theoretical approach provides an elgamint of why a speaker

should use an overt pronoun in absence of ambiguity if she wants teycanspecial
information structure.
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7. Conclusion

In this paper, | have examined whether the game-theoretical approach to pronoeractoic
anaphora resolution that Clark and Parikh (2006) have proposed for English cambedexte
to a null-subject language like Catalan.

Catalan data for intrasentential anaphora pose a challentfés game-theoretical account
specially because of the behavior of an overt pronoun, which spgalged could equally
refer to the previous subject or the previous object. This tdrenmodeled be assigning a
fixed payoff to the overt pronoun. In contrast, assigning an indeteemaatoff within a
range could account for the empirical data. In contrast, ganoeytican very easily and
elegantly account of why overt pronouns are mandatory in cdss=e whe speakers want to
convey a particular information structure.
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Using a qualitative analysis of disagreements from a referentially annotated newspaper corpus, we
show that, in coreference annotation, vague referents are prone to greater disagreement. We show how
potentially problematic cases can be dealt with in a way that is practical even for larger-scale annotation,
considering a real-world example from newspaper text.

1 Introduction

Since the early investigations by Hirschman et al. (1997) and the critique of the MUC-7 an-
notation scheme put forward by van Deemter and Kibble (2000), several large corpora have
been annotated with coreference relations, with refinements in terms of annotation schemes
(Poesio, 2004), as well as in terms of support by the annotation tools.

After van Deemter and Kibble and their critique of coreference in the case of bound
anaphora, critique of the concept of coreference itself came only from Poesio and Reyle
(2001), who argue that in the case of mereologically structured entities (both physical objects
and abstract objects like plans), it is possible that underspecified references occur without any
loss of understandability on the part of the reader/listener, and propose an underspecified DRT
representation to cope with these cases.

Poesio and Artstein (2005) argue that coreference annotation can (and possibly should)
use underspecified representations to cope with these ambiguous cases. In a study with 18
subjects in an annotation setting, they found that, in the text used, 42.6% of the markables
were at least implicitly ambiguous (in the sense that at least two antecedents were chosen by
more than two coders each), of which a little more than one third were marked explicitly by
annotators when they had been told to do so.

These results are also highly relevant for large-scale annotation efforts like ACE', the dutch
KNACK-2002 corpus (Hoste and Daelemans, 2004), or the ongoing effort to add coreference
annotation to the text of the German TiiBa-D/Z treebank (Hinrichs et al., 2005), since these
ambiguities may well occur not only in spoken dialogues but also in edited newspaper texts.

In the remaining part of this paper, we will provide a qualitative analysis of disagreements
in the TiiBa-D/Z corpus, to show that a certain class of cases, namely those involving vague
objects, are prone to genuine ambiguities and lead to a decrease in annotator agreement where
they occur. This class includes, but is not limited to, the cases that Poesio and Reyle call the
‘meronymy pattern’.

http://projects.ldc.upenn.edu/ace/
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We contend that ambiguities are interesting, even given that we do not wish to annotate
these ambiguities explicitly, since we can raise the annotator’s awareness of these ambiguities
and propose a resolution of these ambiguities based on independent principles?.

2 Data examined

In the referentially annotated TiiBa-D/Z corpus of written German, we examined the nom-
inal coreference annotations for the 60 articles that had been annotated by two annotators.
Inter-annotator agreement (as indicated by F-measure following Vilain et al. (1995)’s scoring
scheme) is at 0.83 for all mentions®. After normalizing differing spans by mapping them to
nodes in the treebank using fuzzy matching, and projecting every markable to the span where
it should be following the annotation guide, the inter-annotator agreement improves to F=0.85,
which is a visible improvement but less than what Hirschman et al. (1997) found in their study
when they let annotators discuss and agree on markables and their boundaries. For full NP
mentions only (excluding NPs in predicative positions, as in ‘Peter is [the greatest fool of
all]’), the agreement is at F=0.78.

We classified every full NP mention that any one of the two annotators had annotated as
being coreferent with another mention (including pronominal mentions) with a semantic class
label using the following categorization*:

e Persons (PER) are natural persons, including plural person NPs used metonymously to
denote some organization (the conservatives, the policemen).

e Organizations (ORG) are formal groupings of persons that are seen as a single actor
(e.g. political parties, sports clubs, research institutes)

e Events (EVT) are abstract objects that have a (more or less well-defined) temporal
boundary and often result in a change in the state of affairs (e.g. bombings, financial
mergers, strikes).

e Locations (LOC) are all geopolitical entities (countries, cities etc.) as well as geograph-
ical and physical features.

e Objects (Obj) are things that can be possessed and used and which are generally not seen
as being able to perform actions of their own. They may or may not have a material form
(as in bank accounts, or electronic books).

e Temporal entities (TMP) are regions of time that are referred to explicitly (e.g. the next
week, the eighth day of the strike, Christmas 2006).

o All the rest (Other) is a disconcerting hodge-podge comprising propositions, organiza-
tional roles (as opposed to the person filling that role), concepts, legal rights, plans etc.
that we did not want to distinguish further.

2Asan example for such independent principles, consider ambiguous modifier attachment in syntax annotation,
where ambiguities are usually solved by attaching to the higher candidate.

3Hirschman et al. (1997) also give an agreement figure of F=0.83, but they counted the elements of appositional
constructions as two markables linked by a coreference relation while we count appositional constructions as a
single markable. Because these additional links between appositions are trivial to annotate, the agreement on the
remaining relations is probably slightly better in TiiBa-D/Z than in MUC-7.

4The annotation of semantic classes was performed by the author of this paper. Zaenen et al. (2004), who did
a study with 3 annotators for a slightly finer coding scheme, found that the agreement they got for this task was
quite good (x = 0.92).
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(total) (disagree) error rate

pl sg all | pl sg all pl sg all
PER | 156 297 453 |33 25 58| 021 0.08 0.13
ORG 38 310 348 | 8 39 47021 0.13 0.14
LOC 12 204 217 | 1 41 42| 0.08 020 0.19
EVT 31 165 196 | 5 42 47 |0.16 026 0.24
Obj 29 80 109 | 11 11 221|038 0.14 0.20
TMP — 14 14|, — 5 5 — 036 0.36
Other | 16 95 111 1 18 19 |0.06 0.19 0.17

Table 1: Disagreements by number (singular/plural)

Looking at the disagreement shown in table 1, we can see that there is significant inter-
action between disagreements and semantic classes (y> = 20.77, p < 0.01), and between
disagreements and number (2> = 4.76, p < 0.05). Single persons, organizations and objects
have the lowest error rates’, whereas plural objects and temporal entities (which only occured
with singular number) exhibit an unusually high error rate.

Several error types contribute to these discrepancies. If we distinguish between ‘hard’
disagreements, where both annotators’ versions can be seen as equally valid, and soft errors,
where it is obvious that one of the annotators just overlooked a possible antecedent, we find
that many of the errors for single locations and all of the errors for temporal mentions are
indeed soft errors and would possibly profit highly from better annotation tools: in these cases,
the location or the temporal region is uniquely (and thus unambiguously) specified, but since
they are always uniquely specified (and never anaphoric in the sense that context information
from a specific antecedent was needed for the interpretation). Additionally, keeping track of
the temporal and spatial locations in a story is usually not required, while keeping track of the
protagonists of a story (usually persons and/or organizations) is required for its understanding.
In three of the five erronous coreference decisions regarding temporal mentions, we found
that, to realize the coreference relations between the mentions, it would be necessary to make
certain inferences that a cursory reader will almost certainly not make.

For plural objects, another source of disagreement is overrepresented, the ambiguity whether
a given mention is used in a specific or in a generic sense, typically when a class of objects
is denoted. As a simplified example, the sentence “John threw out the red shirts” can have a
specific reading (where John acts on a well-defined set of shirts, moving them from his closet
to the dustbin) and a generic one (where John expresses his attitude toward the class of red
shirts, and he’s less likely to buy one again).

The ‘hard’ disagreements in the PER class mostly involve groups of persons, which are
not generic, but the actual set of persons that they denote is vague, and annotators decided
differently on the question whether two vague objects corefer. Problems with vague reference
are usually suspected with event coreference, which is why general event coreference is usually
excluded from annotation schemes that are geared towards the reliable annotation of large
text quantities, but the presence of this problem for groups of persons (and organizations)
suggests that a principled treatment of vague reference would benefit not only the coreference
annotation for nominalized events, but also that for groups of persons, which are as important
(disagreement-wise) as the former.

SWe defined the error rate as the ratio between the number of disagreements and the number of markables that
were coreferent to another markable in at least one annotator’s version.
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3 Coreference of Vague Objects

In order to be able to notice, discuss, and possibly resolve ambiguities (or equivalently, argue
that a certain annotation is right, wrong, or left ambiguous by the annotation guidelines), we
need to complement our naive understanding with a (semi-)formal description of what coref-
erence is; it is mostly uncontroversial that we build some kind of model from the text, with
mentions referring to entities that either have been mentioned in the text or can be accommo-
dated in the model. In terms of the scene that the text describes, it is unlikely that several
blatantly dissimilar interpretations arise for the kind of text that we are investigating. Thus,
ambiguities must be attributed to the reference relation between mentions on one hand and
pieces of modeled reality on the other hand, and identity conditions between these pieces,
which are both non-issues with concrete referents, or some vague referents like mountains that
can be individuated by their peak. Without an obvious individuation criterion, coreference
decisions can become difficult.
Consider the following sentences, taken from the TiiBa-D/Z corpus®:

(1) a. Fir ein “barrierefreies Bremen” gingen deshalb gestern [1 mehrere hundert behin-
derte Menschen] auf die Strale — und demonstrierten fiir “Gleichstellung statt Bar-
rieren”.

b.  “Warum immer wir?” fragten [2 die Versammelten] deshalb auf Plakaten.

It is intuitively clear that the person groups from mentions 1 and 2 have a large overlap, but,
seen in isolation, the real-world extensions of the two mentions do not seem to be identical, as
not every demonstrator had disabilities, and neither did every one of them carry a poster with
the indicated question. On the other hand, saying that 1 and 2 denote different entities would
miss the point, since the author meant to talk about the group of demonstrators and not several
largely overlapping subsets of it.

We would like to treat the demonstrators as one entity that is described by several predica-
tions and not several distinct entities, just as we would not want to talk about multiple clouds
when there is just one cloud in the sky to which several predicates apply differently on different
parts.

If we treat the conditions of being disabled and of carrying posters as incidental and instead
use the demonstrating as the defining property of the crowd of mentions 1 and 2, we can coerce
the individual predicates of being disabled, and wanting to push for a “barrier-free Bremen”,
to (vague) predicates of groups by taking a majority view.

That is, the article talks about a crowd of demonstrators that

e wanted to push for a “barrier-free Bremen”
e comprised (about) several hundred people
e consisted (in a significant proportion) of disabled people

e had some posters asking “Why always us?” (cumulative reading)

Intuitively, this is much closer to the intended interpretation than talking about several
overlapping but not identical crowds. But we have to make sure that we will not run into
problems this way, or at least that we know it when we do — if we point to a crowd, it is
unclear whether we mean this set of persons or another one that differs in only one person
belonging or not to the set, giving us multiple equally possible extensions for that crowd.

%Translation: (a) For a “barrier-free Bremen”, [1 several hundred disabled people] went onto the streets yes-
terday — and demonstrated for “Equality, not Barriers”. (b) “Why always us?” [2 the congregated] asked on the
posters.
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The problem of vagueness in reference has been studied extensively (see Weatherson,
2005), and we will use Smith and Brogaard (2001)’s superevaluationist account of reference
to vague objects and predications of these objects.

Smith and Brogaard posit that you can, for a vague object, give multiple precisifications
relevant to a certain context — for a cloud, several cloud-shaped sets of water molecules, for a
crowd, multiple sets of persons, or, for a lorry loaded with oranges, the lorry with or without
the oranges.

A statement is then judgeable and true (supertrue) iff we can instantiate every singular term
with a corresponding family of aggregates and that, however we select a single possibility from
the family of aggregates, the statement is true.

If we construct a logical form out of the sentences from the crowd example and model
all possible crowd extensions, the conclusion (“the crowd from sentence (1) is the same as
the crowd from sentence (2)”) will obviously not be supertrue since we could always choose
two different extensions for the two crowds. Saying that two crowds are the same when they
have a large overlap would partially solve the problem, but leads us to Sorites-style paradoxes
where the crowd of demonstrators is the same crowd as another crowd etc., where the last
crowd of the chain is the same as a crowd totally different from the first one. We can posit
identity independently of the extension for objects where we have an individuation criterion,
for example the peak for a mountain, or for humans, but not for crowds.

This is where the idea of a (cognitive) model comes in, since we can conceptually separate
the process of model construction from the process of model verification (i.e. seeing if the
model fits the real world, or asking questions about possible conclusions). This is also done
in SDRT (Asher and Lascarides, 2003), where the construction of the discourse model is done
using a quantifier-free default logic, whereas the semantics of the model itself uses a mono-
tonic logic without quantifiers. In a similar fashion, we want to handle vague predications in
the semantics of the discourse model itself, but not in the construction of the model.

For our crowd example, we could construct a discourse model with a single referent for
both mentions and supplement it with possible extensions of the crowd, of consisting of several
hundred people etc. such that the predications of the text (in the form of the discourse model,
with the given sets of possible extensions) are supertrue. But we could also construct a dis-
course model with two separate referents for the two mentions. What keeps us from positing
another model with two (or even more) overlapping but unrelated crowds?

We could argue that there is nothing that keeps us from positing a model with two overlap-
ping crowds that are both mentioned in the text, and that the distinction between the one-crowd
and the two-crowd model is best left underspecified. But we would like to be able to choose
as the preferred interpretation one of the two possible discourse models (which we posit can
both be constructed from the text and are both supertrue when evaluated in conjunction with
plausible predicate extensions).

In terms of the number of entities involved, a model with multiple overlapping crowds
would be larger, and by positing more identity relations we decrease the number of entities in
the model. We can say that we only want to consider minimal models, as proposed by Gardent
and Webber (2001), more specifically what they call locally minimal.

This leaves open the question what to do when there are multiple minimal models that
all make the statements of the discourse judgeable and true, and it can be argued that an
approach using underspecification like the one of Poesio and Reyle (2001) is still needed for
these cases. Poesio and Reyle’s example of “hooking up the engine to the boxcar and sending
it to London” is not disambiguated by our criteria since we cannot distinguish between the
interpretation where the train is referenced as a (vague) extension of the boxcar and that where
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it is referenced as a (vague) extension of the engine, at least not using domain-independent
principles. But our account correctly predicts that “stirring up the butter and the sugar and
cooking it on a stove” is awkward, since the mixed substance cannot be seen as a vague
extension of either of the two.

We also hope that using underspecification, or ad-hoc ambiguity resolution, is needed for
fewer cases and can be used with greater confidence, allowing for a better compromise between
simplicity and annotation quality than relying on multiple annotators to make consistent ad-
hoc judements.

4 Conclusion

We have provided a quantitative analysis of disagreements in a referentially annotated corpus,
the TiiBa-D/Z corpus of written German, and shown that entities with vague extensions like
groups of persons are subject to greater-than-average disagreement among annotators. We
proposed a theoretical framework based on Smith and Brogaard (2001)’s superevaluationist
account of reference to vague objects and minimal models that can help to better understand
and resolve difficult cases of coreference, complementing Poesio and Reyle (2001)’s approach
by stating further conditions on when underspecification is really necessary. A further study
is needed to show if and by how much the improved theoretical framework leads to better
agreement among annotators and, generally, better annotation quality, as we hope and at least
van Deemter and Kibble (2000) seem to imply in their article.
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