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Abstract

An extension of the notion of “cen-
tering” is described for interpreting zero-
and overt natu-

pronouns pronouns in

rally occwrring Japanese text, 1In previ-
ous work, one zero-pronoun cncodes the
backward-looking center, with pronouns
and other zero-pronouns handled as if they
were overtly expressed.  An investigation
is made, and {rom it pronouns and zero-
prououns are concluded to be more salient
than other overt noun phrases. ‘Chis en-
ables better interpretation of pronouns and

Zero-pronouns,

1 Introduction

In order to avoid unnaturalness caused by redun-
dant usc of full noun phrases, pronominal expressions
arc uscd. In Japanese, there are hasically (wo Lypes
of pronominal expressions: the zero-prououn and the
(overt) pronoun.  Zero-pronouns can be defined as

follows [Yoshimoto 86]:

A sero-pronoun is a noun phrase which is
of an obligatory case and which is not ex-
pressed but can be understood through dis-

course and context.

There has been much work on handling zero-
pronouns, such as [Kameyama 85], [Yoshimoto 86],
(Walker 92], and [Nomoto 93].

Kameyaina showed in {Kameyama 85 that zero

Among them, M.

pronouns in Japanesc seutcuces could be interpreted
using a concept called “centering” [Joshi 81). [n the
centering model, there is one entity that an utter-
ance most centrally concerns. "This entity is referred
to as the backward-looking ceuter (Ch). Any other
entity appearing in an utterance is a forward-looking

center (Cf) which may become a Cb later on in the

discourse. Cfs are ordered by grammatical functions

according to their degrees of salience as follows:

Topic > Subject > Object/Object2
> Others (Oblique, Possessor, ete)

Kameyama showed that the zero-pronoun corre-
sponds to the Ch in Japanese. Bul, in her account,
if there is more than one zero-pronoun in an ut-
terance, only one of themn is the Cb, and all other
zero-pronouns were handled just as if they had been
overtly stated.  Furthermore, pronouns were also
treated as if the entities had been stated as ‘ordi-
uary’ noun phrases. But, overt pronouns are used to
avoid imnaturalness, just as zero-pronouns are, and
their antecedents should be found.

In this paper, overt pronouns, as well as zero-
pronouns, are interpreted by extending the notion
of centering. Basically, eutities corresponding to the
zero-pronouns and overt pronouns are all treated as
being given more attention than other entities in a
sentence.  Only those pronouns and zero-pronouns
that arc of an tersentential nature are handled.
So, those whose antecedent appears in the same sei-
tence as the pronominal clement, e, intrasentential
anaphora, and those whose antecedent appears after
the pronominal element, 1.e. cataphora, are outside
the scope of this paper.

In section 2, the extended notion of centering - the
Center List. Model - is explained. Tu section 3, a sys-
tem implementing the Center List Model is deseribed
and evaluated. Concluding remnarks are made in sec-

tion .

2 The Center I.ist Model

ln this section, centering is extended to handle
multiple zero-pronouns, and then [urther extended
to handle overt pronouns. Finally, the ordering of en-

tities for showing the degree of salience is deseribed.,
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2.1  Zero-Pronouns

In Kameyama’s account, only one zero-pronoun
cncodes the Cb, and any other zero-pronouns be-
come Cfs, just as if they had been overtly ex-
pressed in the sentence. In other words, when there
are multiple zero-pronouns, only one of the zero-
pronouns has any significance, and any other zero-
pronoun might as well have been overtly expressed.
But, because entities become zero-pronouns in or-
der to avoid unnaturalness due to redundancy, zero-
pronouns can be said to be salient enough to be un-
derstood without being overt. In effect, this means
that a greater amount of attention is placed on them
than entities that were overtly expressed. This is
shown through an example.

Taking her approach, some simple extensions are
made to see how well the ordering of entitics in cen-
tering would work for multiple zero-pronouns. First,
the antecedent for the Cb-encoding zero-pronoun is
chosen as shown in [Kameyama 85]. Basically, this
consists of choosing the entity with the highest de-
gree of salience in the previous sentence. Then, the
next most salient zero-pronoun according to the or-
dering of degrees of salience given in the previous
section is considered. The antecedent for this zero-
pronoun is the most salient entity from the previ-
ous sentence which will not contradict any possible
constraints. At this point, we only consider seman-
tic constraints for excluding such sentences as “The
desk ate fish” and contra-index constraints for ex-
cluding such sentences as “Jack ate Jack.” Any other
zero-pronouns are handled in the same manner. For
example, the following discourse is examined®:

Fixample 1:
(1) Taro wa
Taro Top/Sub Jiro with meal

Jiro to
during was
Taro was having a meal with Jiro.
Cb: —, Cf: Taro > Jiro
(2) @ Saburo wo mikaketa.
Sub Saburo Obj saw
(Taro) saw Saburo.
Cb: Taro, Cf: Saburo
3) i) Jiro ni shoukaishita.
Sub  Obj Jiro Obj2 introduced
{Taro) introduced (Saburo) to Jiro.
4) @ o Shokuji ni  sasotta.
Sub  Obj meal Obj2 invited
(Taro) invited (Saburo) to the meal.

14d" denotes zero-pronouns, and Top, Sub, Obj, Obj2 de-

notes Topic, Subject, Object, and Object?2, respectively.
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shokuji chuu de atta.

In sentence (1), the Cfs are ordered as Taro > Jiro,
since Topic is the most salient entity. In sentence (2),
the entity with the highest degree of salience from
the previous sentence ( Taro) is chosen as the zero-
pronoun’s antecedent, and becomes the Cb, with
Saburo becoming a Cf. In the third sentence, after
Taro is chosen as the subject of the sentence, since
there is only Saburo left, Saburo becomes the an-
tecedent of the object zero-pronoun, assuming that
there is some sort of knowledge preventing Taro from
becoming the object.

After sentence (3), the ordering of noun phrases
would be as follows:

Taro (Cb) > Jiro (Cf - Obj2) = Saburo (Cf - Obj)

This means that sentence (4) is ambiguous, having

the following possible interpretations:

(a) Taro invited Jiro to the meal.

(b) Taro invited Saburo to the meal.

Bat, the preferred meaning is (b). So, this would

mean that the ordering should be as follows:
Taro > Saburo > Jiroe

This example shows that when trying to interpret
more than one zero-pronoun, the ordering of noun
phrases according to Kameyama’s account may not
be optimal. Of course, this can be rectified by chang-
ing the ordering of the degree of salience so that Ob-
ject is higher than Object2, and as noted later in the
paper this will actually take place. But, suppose sen-
tence (3) in Example 2 is replaced with the following

sentence:
(3) @ i Jiro wo shoukaishita.
Sub  Obj2 Jiro Obj  introduced

(Taro) introduced Jiro (to Saburo).

Fven in this case, the interpretation of sentence
(4) would not change?. So, the ordering of zero-
pronoun not being optimal, i.e. that zero-pronouns
are more likely to become zero-pronouns again than
overt noun phrases, would seem to be the more log-
ical choice.

So, we propose that “entities that have become
zero-pronouns are more centered in the discourse
than those that have been overtly expressed.” There-
fore, the centering model has been extended to the
following two lists to handle entities (noun phrases)

that appear in a sentence:

2 Although it should be noted that it doesn't scem to be as

strongly preferred as before.



(1) Center List - - - Iintities in a sentence that have

become Zero-pronouns.

(2) Possible Center List - - - Fntities in a sentence

that were overtly expressed.

2.2 Pronouns

In Japanese, both overt and clided pronominal
forins exist. ‘The elided pronominal form (zcro-
pronoun) was discussed in the previous subsection.
In this subsection, we will show how pronouns are
handled within the proposed model.

In Kameyama’s account, pronouns do not encode
Chbs and can only hecome Cfs. If overt pronouns
are treated as entities that were overtly expressed
(i.e. put in the Possible Center List), the following

example will not be interpreted correetly®.

lixample 2:
(1) Taro wa Jiro to hanashiteita.
Taro ‘Lop/Sub Jiro with talking
Turo was talking with Jiro.
Cl:- -, PCL: Taro > Jiro
(2) @
Sub  Hanako Obj saw
(Taro) saw Hanako.
CI,: 'laro, PCIL.: Hanako
3) @ Jiro ni
Sub  Jiro Obj2 her about talked
(Taro) talked to Jivo about her (llanako).
ClL: Taro, PClL.: Jiro > Hanako
4) @ b Suki nanodearn,
Sub  Obj  like is
(laro) likes (Hanako).

lanako wo mikaketa,

kanojo nituite hanashita.

Il this example is interpreted with the antecedent
of kanojo (her) in sentence (3) in the Possible Cen-
ter List, then the interpretation would be “Taro likes
Jiro.” In order to obtain the preferred interpretation,
the ordering of noun phrases should be as follows:

Taro > Hanako > Jiro

This example shows that pronouns are nol neces-

sarlly at the samc level as with other overt noun

phrases. In other words, pronouns arc at a level of

attention higher than ‘ordinary’ noun phrases. This
is especially true when considering the fact that pro-

s due to re-

nouns arc uscd to prevent unnaturalue

dundancy, just as zero-pronouns are uscd.

3401, stands for Center List, and ‘PCL? stands for Possible

Center List.

So, we proposc that pronouns be interpreted at
the same level as zero-pronouns as follows:

Center List Model
"The entities in a sentence belong to one of

the following two lists:

(1) Center List Futities that have
become zero-pronouns or overt pro-
nouns.

(2) Possible Center List Entities
that were overtly expressed but are

not in the Center List.

cntities in the Center List are more salient
than those in the Possible Center List, with

the exception of ‘Lopic.

"The exception will be touched upon in the next sub-

section,

2.3 Ordering by Salience

Next comes the problem of ordering within the
Center List and the Possible Center List. In other
words, the difference in salience between pronouns
(zero and overt) and ‘ordinary’ noun phrascs is
shown by the Center List and the Possible Center
List. Iintities in the Center List are more salient
than those i the Possible Center List. But, whatl
about the difference in salience within cach list?

In our model, the ordering is as follows:

Topic > Subject > Object > Object2 > Others

> Subject/Object/Ohbject2 of subordinate clanse

> Others in subordinate clanse

The first line shows the ordering of grammatical
functions of the main verb. I'his line is basically the
same as Kameyama’s ordering, except that Object is
decmed to be more salient than Object2. This was
because, after making some preliminary evaluations
ol our model, Object was found to have a slightly
higher degree of salience than Object2.

The following two lines are for any entities that
appear in subordinate clauses. There doesn’t scemn

to be a clear cut difference between the Subject, Ob-

Jeet, and Object? of subordinate clauses, so they are

handled at the same level. The difference between
the main clause and any subordinate clauses cap-
tures the intuition that entities in the main clause
are more salient than those in subordinate ones.
I'here is one exception to the Center List Model.

It is the salience of the Topic in the Possible Center
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List. As can be surmised from the term itself, the
Topic is special in that the sentence contains infor-
mation about the entity corresponding to the Topic.
In other words, the sentence is usually about the
Topicalized entity. So, it was placed at the same
level as the Object in the Center List.

3 Experiment and Discussion

An experiment was done to show the effectiveness
of the Center List Model in interpreting pronouns
and zero-pronouns, A total of 160 sentences from

the following four discourses were used:

e “Ushikata To Yamanba” [Tsubota 75] (Japancse

folklore ~ 70 sentences)

e “Madogiwa No Totto-chan” [Kuroyanagi 81]

(Story - 51 sentences)

e “Yasei Doubutsu 'I'o Tomoni” (Newspaper col-

umu)

- “Baison” [Obara 91] (15 sentences)

~ “Irie Wani”[Obara 92] (24 sentences)

This section will first describe the simple imple-
mentation used in the experiment. Then, it is eval-
uated (‘Table 1), followed by a comparison (‘l'able 2)

with Kameyama’s method.

3.1 Implementation

The implementation is kept simple to demonstrate
the effect of the Center List. Semantic constraints on
the type of entity that a (zero) pronoun may refer to
-- for example, the Subject of ‘eat’ must be animate

-, and contra-index constraints for restricting combi-
nations of corcferring entities within a sentence - for
example, the Subject and Object of ‘cat’ cannot be
the same entity — are used. In addition, a constraint
concerning the subject and identification® of Cbs in
adjacent sentences is used [Kameyama 86], except it
applies to each entity in the Center List of adjacent

sentences as follows:

‘I'wo zero-pronouns that appear in the Cen-
ter List of adjacent sentences should share
one of the following properties (in descend-
ing order of preference): (1) identification
and subject, (2) identification only, (3) sub-
ject only, (4) non-identification and non-

subject.

4{Kameyama’s terminology for Lmpathy [Kuno 78], It

shows the perspective from which an event is described.

Of course, the Center List and the Possible Cen-
ter List by themselves will not be able to handle an-
tecedents that are not in the previous sentence. In
order to solve this problem, an ad hoc approach was

taken by adding the following two lists:

e Past Center List ... Entities that have previ-
ously been a zero-pronoun or an overt pronoun,

but do not appear in the current sentence.

e Noun List ... Entities that have never been a

Zero-pronoun or arn overt pronoui.

In order to avoid combinatorial explosion, the enti-
tics that are held in these two lists are limited to
those which appear in the previous three sentences.

Each entity in the four lists is assigned a score to
show its degree of salience. In other words, the score
shows the possibility of becoming a zero (or overt)
pronoun in the next sentence.

After morphological and syntactic analysis, the in-
terpretation process is basically carried out as fol-

lows:

(1) Using the semantic constraints, possible an-
tecedents for pronouns and zero-pronouns are
found from the Center List, Possible Center
List, Past Center List, and Noun List.

(2) Combinations of possible antecedents are made.
(3) Contra-index constraints are applied.
(4) Each combination is given a score as follows:

(4.1} Compute the sum of the scores that each

possible antecedent was given.

(4.2) Give bonus scores according to the subject

and identification constraint.

(5) The combination with the highest score is cho-
sen as the combination with the most probable

antecedents.

(6) The Center List, Possible Center List, etc. are

updated.

3.2 Evaluation

Table 1 shows our results. Considering the fact
that the Center List Model itself handles only pro-
nouns :'l[l(l zero-pronouns WllOSC ﬂ,lltCCC(lCIlLS are
found one sentence back, it shows promise since a
very simple framework is enough to achieve 76% ac-
curacy. Also, though the number of pronouns was

small, the percentage of correct interpretations was



Table 1: Resull of Kvaluation

” u [Psubota 75) J [Kuroyanagi 81] 1 [Obara f)]]i[()lmm 92] ” Total "
All Correet/ Total # 81/105 19/60 12/16 9/19 151/200
Correct % 77% 82% 75% 47% 76%
Antl Correct/Total 74/91 42/52 12/15 9/12 137/170
Correct % 81% 81% 80% 5% 81%
Antl+4 | Correct/lotal # /14 7/8 0/1 0/7 14/30
Correet % 50% 88% 0% 0% 47%
Pro Correct/Total # 6/6 0/1 0/0 2/ 8/9
Correet % 100% 0% - 100% 89%
All o All zero-pronouns and overt pronouns
Antl Pronouns and zero-pronouns whose antecedents are found one sentence back
Antl4 Pronouns and zero-pronouns whose antecedents are found more than one sentence back
Pro . All overt pronouns

Just under 90%. "The remainder of this subscction
will make some analysis of Lhe results.

I'irst, since the interpretation of a (zero) pro-
noun uses the result of the previous sentence, “error-
chaining” must be checked for. Frror-chaming oc-
curs when a wrong interpretation causes a subse-
quent wrong interpretation. Of the 49 Incorrect in-
terpretations, 11 (22%) were due to this factor ei-
ther completely (8) or partially (3). In the case of
[Obara 92], five out of the ten errors were due to this.

Along with error-chaining, there is also the pos-
sibility of getting the correct mmterpretation for the
wrong reasolt, i.c. an error in the previous sentence
imay cause an interpretation to be correct.  Since
there were 49 incorrect interpretations, all 49 have
this potential. However, there was only one case of
a false positive.

The simplicity of our implementation was also a
lactor in the wrong interpretations. When a sentence
is a complex sentence, the subject may differ between

different predicates.

Iixample 3:
¢, Omotta toorini, ¢4 Taro wo mitsuketa.
Sub think as SubTaro Ob)j found.

As @ thought, by found Taro.

¢ and Py in ixample 3 may or may not bhe the
same person. In our simple implementation, unless
one of the constraints deem otherwise, such cases are
handled as the same. But, this led Lo 14 incorrect
nterpretations.

A few more heuristic rules, such as preferences for

parallel interpretations, would also have raised the
percentage of correct interpretations.

As can be seen from the low percentage of correct
interpretations for (4cro) pronouns, the biggest cause
of wrong interpretations is the lack of a global dis-
course mechanism. This was the case for 13 wrong
interpretations. Furthermore, of the 13, seven oc-
curred when the discourse was interrupted by a sin-
gle sentence that gave background information.

Another cause for wrong interpretations was due
to our model being based on scoring combinations of
possible antecedents. 'There is always the possibil-
ity of multiple combinations having the best possible
score. Kight such cases oceurred in our examination.
Among those cight cases, there were five cases where
the correct interpretation was among the top com-
binations. Among those five cases, there were two
cages where the incorrect interpretation was chosen.

I'inally, there was only onc case where a zero-
pronoun did not have greater salience than an entity
that appearcd overtly, "U'his occurred when an elided
Oblique of a subordinate clause was ordered as hav-
ing greater salience than an overt Oblique of a main
clause.

3.3 Comparison

A comparison is made in Table 2 between our
approach (Center List) and Kauneyama’s approach
(Center). Since Kameyama's approach does not in-
clude overt pronouns, they were excluded from the
results.  Also, only the resulls of Subject, Object,

and Object? are used. For example, the Oblique-
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Table 2: Comparison

l [ cb [Ant [ Al
Center List || 92% | 78% | 71%
Center 88% | 1% | 65%
Cb : Cb-encoding zero-pronouns
Antl :  Non-Cb-encoding zero-pronouns whose

antecedents are one sentence back
All : All non-Ch-encoding zero-pronouns

Object in passive sentences arc excluded.

There was one case where her approach was able
to make a correct interpretation but ours could not.
This, however, was a false positive,

While all other differences between the two ap-
proaches were cases where our approach was able to
handle the interpretation but hers could not, three
of the casecs were not due to a legitimate superior-
ity of our approach. In onec case, an error occurred
due to error-chaining. In another, the cause was
the exclusion of the interpretation of the Oblique-
Object in passive sentences from the evaluation of
Kameyama’s approach. The third case was the sin-
gle false-positive that occurred in the result of our
approach. However, all other (seven) cases were due
to the salience ordering diflerence between the Cen-
ter List Model and Centering.

The evaluation model was limited to a very simple
one so that the effect of the Center List, i.e. the
difference in ordering, would be apparent. From the
comparison, the Center List Model can he said to
order the possible antecedents more effectively than

Kameyama’s method.

4 Conclusion

In this paper, centering was extended to better
interpret pronouns and zero-pronouns. It extended
the centering model to have two lists. The Center
List holds entities that ‘appearcd’ in the sentence as
either an overt pronoun or a zero-pronoun. The Pos-
sible Center List holds entities that overtly appeared
in the sentence, excluding overt pronouns.

A very simple implementation showed that 76%
of pronouns and zero-pronouns could be interpreted.
The percentage goes up to 81% when considering
only those whose antecedents are one sentence back.
But, as the figures indicate, a more global frame-

work, such as one described in [Grosz 86], is nceded.
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