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1  Rationale

Co-occurrence patterns act as an important factor (collocation preference) in anaphora resolu-

tion which have been successfully  exploited in several  projects  (Dagan and Itai  1990,  1991;

Mitkov  1998),  but  unfortunately  information  on  general  co-occurrence  patterns  may  not  be

widely available. An alternative would be to exploit collocations within the document(s) under

consideration (Nasukawa 1994), but due to the scarcity of patterns, this preference cannot  fre-

quently be made use of (Mitkov 1999). On the other hand, access to subcategorisation know-

ledge (selectional restrictions) could be even more difficult. Without such types of information,

the majority of anaphora resolution approaches would have problems with examples such as

(1a) John removes the cassette from the videoplayer and disconnects it.

selecting as antecedent the wrong candidate the cassette instead of the correct one the videoplay-

er because  indirect  objects  and  noun phrases  which  are  contained  in  adverbial  prepositional

phrases are usually penalised (Lappin and Leass 1994; Mitkov 1998). Similarly, centering theory

regards direct objects as more salient than indirect objects (Walker et al. 1998).

On the other hand, an anaphora resolution system for French would not have problems pro-

cessing the equivalent French example

(1b) Jean éjecte la cassette du magnétoscope et le débranche.



and identifying (le) magnétoscope as the correct antecedent of the pronoun le since the other can-

didate la cassette does not match the pronoun in gender. 

These and other similar examples where the gender distinction in French could be helpful,

motivated the development of a bilingual (English/French) pronoun resolution system which fea-

tures a strategy of mutual  enhancement  of performance and operates on parallel  English and

French corpora aligned at word level.1 In addition to utilising gender discrimination in French,

this strategy also benefits from a bilingual corpus (e.g. information on how a pronoun is trans-

lated in the target language) and from the performance of the English algorithm (e.g. the ante-

cedent indicators for English usually perform more accurately). The English and French modules

mutually enhance their performance in that their outputs are compared and if they disagree, one

of them is preferred depending on the case (see section 3). Both the English and the French mod-

ules are based on Mitkov’s (1998) knowledge-poor approach. 

2  Brief outline of the bilingual corpora

Parallel bilingual English-French corpora are produced in most cases either on the basis of

translating an original English text into French or on the basis of translating original French text

into English. Normally translation is performed with a view to achieving maximal fluency and

cohesion in the target language where the distribution of words may be different from the source

language. The translation of technical texts is generally not as free as the translation of literary

works but nevertheless, it is highly unlikely to be literal. In fact, it is not unusual to have the tar-

get text rewritten for reasons of clarity.

Three technical texts (Linux HOW TO documents) were used in this bilingual experiment:

‘Beowulf  HOW TO v.1.1.1’  (referred  to  in  the  tables  as BEO),  ‘Linux CD-Rom HOW TO

v.1.14’ (CDR) and ‘Access HOW TO v.2.11’ (ACC), containing about 30 000 words in each lan-

guage. Table 1 shows the exact number of words in each language as well as the number of pro-

nouns (3rd person pronouns, possessives and reflexives were considered). The original files were

in English and translated into French. Some of the pronouns occurring in English were com-

pletely omitted in French, replaced by full noun phrases or replaced by other types of anaphors

whose resolution was not tackled in the project (for example, demonstratives). Similarly, some

English noun phrases were replaced by pronouns in the French translation, whereas a few addi-

1 The alignment could be partial provided it covers cross-language correspondences between anaphors and
preceding NPs.



tional French pronouns were introduced even though they did not have a corresponding pronoun

in the English text. Table 2 presents a summary of the different ways in which English pronouns

were translated into French and the cases giving rise to new French pronouns.

FILE

WORDS PRONOUNS

English French
 Eng-
lish

French

ACC 9 617 10 168 130 156
CDR 9 490 11 028 83 136

BEO 6 392 6 841 68 98
Total 25499 28037 281 390

Table 1: Distribution of pronouns in the bilingual corpus

Table 2: Pronoun translation correspondences

The mutual enhancement strategy benefits from the differences in the translation of pronouns

and in particular from cases where a pronoun has been translated as a noun phrase which is a

translation equivalent of its antecedent. 

3  The contributions of English and French

The strategy of mutual enhancement is based on the English and French modules benefiting

from each other, and therefore mutually enhancing their performance. In fact, there are certain

cases where the French module is expected to perform more reliably, whereas in others the Eng-

lish module is likely to propose the correct antecedent with higher probability. 

File
Direct transla-
tions of pro-

nouns

English pro-
noun to French

NP

English NP to
French pronoun

New French
pronouns

English pro-
noun omitted

ACC 108 12 27 31 10
CDR 77 5 22 37 1
BEO 56 7 19 23 5

Total 241 24 68 91 16



3.1 Cases where French / the French version helps

The most obvious benefit of using a French anaphora resolver is to exploit the  gender dis-

crimination in French.  Gender agreement between the pronominal  anaphor and its antecedent

holds in most of the cases in French. The exceptions refer to special cases like noun phrases rep-

resenting professions or positions.2 When a pronoun is used to refer to a person occupying a spe-

cific position, its gender does not match the grammatical gender of the noun phrase, but that of

the person. 

(2) Le professeur se mit en colère. Elle n'en pouvait plus.

The teacher got cross. She could not stand it any more.

On the other hand, when certain professions are used generically and are referred to by a pro-

noun, the latter will take the gender of the profession, not of the person involved

(3) Quand un professeur se met en colère, il perd son autorité sur ses élèves.3

When a teacher gets cross, he loses his authority over his students.

Since gender agreement works for most cases in French, whenever the antecedent in French is

resolved directly after gender agreement, its equivalent4 in English is adopted as the antecedent.

It has to be borne in mind, however, that not all the pronouns in French point to the gender of

the noun phrase they refer to.  The ones that convey gender information are 3rd person plural and

singular personal pronouns used in subject position (il, elle, ils, elles),  reflexive pronouns in sin-

gular (elle-meme, lui-meme) and singular personal pronouns in accusative (le, la). Plural personal

pronouns in accusative and dative do not carry any kind of gender information (les, eux), where-

as possessive pronouns only convey information about the noun phrase they modify, and there-

fore, do not contribute to this methodology.

Another straightforward case where the French system will boost the performance of the Eng-

lish is when the translations of the English pronouns are French noun phrases which are identic-

al to or coreferential with the antecedent. In that case, the equivalent of the French antecedent is

taken to be the antecedent in English. Since the system runs on aligned corpora which are not an-

2 These exceptions were not found in the bilingual corpus.
3 These two examples are from Francis Cornish, ‘Anaphoric relations in English and French: a discourse
perspective’- London: Croom Helm, 1986.
4 The term equivalent is used to denote the French translation of an English word or the English translation
of a French word.



notated for coreferential chains, this case is exploited by considering as antecedent an NP which

has the same head as the translation of the English pronoun within the window of the search

scope (2 preceding sentences).

Finally, when the highest-ranked French candidate is well ahead of its English ‘competitor’

(with a numerical value of 4 adopted as the threshold)5, then the French antecedent and its Eng-

lish equivalent are taken as antecedents. As an illustration, if the difference between the scores of

the  highest  ranked candidate  and the second best  in  French is  at  least  4,  and the difference

between the two best English candidates is only 1, then the proposed antecedent of the French

module will be preferred. 

A small-scale study into the usability of the enhancement strategy, based on a small test cor-

pus of 231 English and 255 French pronouns, showed that the resolution of up to 38% of English

pronouns could be improved on the basis of the French gender discrimination and the translation

of some of them as noun phrases. As for the French pronouns, gender agreement could contrib-

ute to the successful resolution of up to 65.4% of them.

3.2 Cases where the English version can help

Currently the algorithm for English is more developed than the one for French, and its suc-

cess rate is normally higher. This is the reason why in one of the decision strategies described in

section 4 below, a composite score is taken with weight assigned to the English score 0.6 as op-

posed to 0.4 for French. Also, if after applying all decision strategies the tie between two com-

peting English-French candidates is still not broken (see section 4), the antecedent proposed by

the English module is preferred. Another reason for favouring the algorithm for English is that in

the French implementation the indicators were employed with the same scores in English.  A

thorough investigation of the optimal scores for French has yet to be conducted.

There are a number of other, more concrete cases where the English module can be of help.

The algorithm implemented for this project incorporates the following  syntax filters as used in

Kennedy and Boguraev (1996)

i. A pronoun cannot refer with a co-argument.

ii. A pronoun cannot co-refer with a non-pronominal constituent which it both commands

and precedes.

iii. A pronoun cannot co-refer with a constituent which contains it.

5 After applying of a set of ‘antecedent indicators’, Mitkov’s algorithm computes a composite score for
each candidate (Mitkov 1998).



These constraints are a modification of the syntax constraints reported in Lappin and Leass

(1994) and work quite well for intrasentential anaphors, but similar constraints have not been im-

plemented  for  French.  Therefore,  if  the  bilingual  system  tries  to  resolve  an  intrasentential

anaphor and if the proposed antecedents for English and French are not equivalent, the decision

of the English module is preferred.

One of the last tie-breaking heuristics is the use of the value of the decision power (Mitkov

2001) which is indicative of the confidence of the proposed antecedent. The decision power is a

measure  well  studied in English,  as opposed  to  French.  Therefore,  the  value  of  the  decision

power for English is preferred in cases where the other decision strategies are incapable of pro-

posing the correct antecedent. Another case where the English module could contribute to enhan-

cing the performance of the French module is when the translation of the French pronoun is an

English noun phrase, identical or coreferential with its antecedent. In that case, the antecedent of

the French pronoun is selected as the French equivalent of the English antecedent.

Collective nouns in English such as parliament, government, army, team etc. can be referred

to both by a plural pronoun (they) or a singular one (it). On the other hand, in French, such nouns

are only referred to by singular pronouns (il, elle). Therefore, if the pronoun is they, if there are

no other plural candidates in English and if the English antecedent is a collective noun, the de-

cision for English can help the resolution in French where the anaphor may have to compete with

other candidates of the same gender.

Finally, the English module is helpful in cases where the highest-ranked English candidate is

well ahead of its French competitor with 3 taken again as a threshold (see above and also the fol-

lowing section).

4 Selection strategy

The selection strategy of the implemented mutual enhancement algorithm is based on favour-

ing cases where one of the systems is expected to perform better, as described in section 3, and

addresses pronouns that cannot be resolved directly6 in either of the languages. This strategy be-

nefits from the outputs of Mitkov’s algorithms (both the original version for English and its ad-

6 The expression ‘to be resolved directly’ refers to the cases where there is only one (singular or plural)
candidate for antecedent.



aptation for French, specially developed for this project) and can be presented as a sequence of

eight steps:

Step 1:

If one of the English pronouns is translated as an NP in French, and if that French NP is preceded

by an NP with the same head within a window of 2 sentences, the English equivalent of the pre-

ceding NP is taken as the antecedent for English. The same applies in reverse order for French.

Step 2:

If a French pronoun is resolved after applying the gender agreement constraint, the correspond-

ing English pronoun is resolved to the English equivalent of the identified French antecedent.



Step 3: 

If there is only one plural pronoun in English and if it refers to a collective noun such as parlia-

ment,  army,  police etc. and if the corresponding French pronoun has not yet been resolved, the

antecedent for French is set to the equivalent of the English collective noun.

Step 4:

If an English pronoun is resolved as a result of applying the intrasentential constraints described

in section 3, the equivalent of the English antecedent is taken as antecedent for French.

Step 5:

If the top candidates are such that  they are different  for  each language and if the difference

between the highest-ranked candidate and the second best in one language is much greater than

that between the highest-ranked candidate and the second best in the other language (greater than

or equal to 3 for English and 4 for French7), the highest-ranked candidate with greater score dif-

ference from its runner-up and its equivalent are taken as antecedents. 

Step 6:

If the top candidates for both languages are different and if the condition described in step 5 does

not apply, for each English candidate English_Ci (i = 1,.., N; N is the number of all candidates)

and its equivalent French candidate French_Ci (i = 1,.., N), the weighted score 0.6 x English_Ci

+ 0.4  x  French_Ci  is  computed.  The  pair  of  candidates  English_Ck and  French_Ck  with  the

highest weighted score are declared as antecedents. 

Step 7:

In the event of a tie, the values of the decision power of the employed antecedent indicators are

considered. If in one of the languages an indicator with a decision power > 0.8 is employed and

if the highest decision power of the indicators activated in the other language is < 0.6, the pro-

posed candidate in the first language and its equivalent in the second are declared as antecedents.

Step 8:

If none of the steps 1-7 can deliver an antecedent, the NP proposed by the English module and its

French equivalent are chosen as antecedents.

7 Since the algorithm for English performs with a higher success rate, it has been decided that the algorithm
for French needs a larger margin (4 as opposed to 3) if its output were to be preferred.





5 Evaluation

The evaluation was based on parallel texts aligned for NPs featuring 25 499 words (281 of which

were pronouns) in English and 28 037 words (390 pronouns) in French (see Table 1). The evalu-

ation files were annotated for morphological features and syntactic constituents and had tables,

sequences of code, tables of contents, tables of references and translation notes removed.

The evaluation was performed in two passes. In the first pass the individual anaphora resolvers

for English and French were run separately and their performance was computed in terms of suc-

cess rate (number of correctly solved anaphors / number of all anaphors). In the second pass the

mutual enhancing algorithm was activated, benefiting from the outputs of each individual resolv-

er. The success rate of each resolver was computed again after enhancement and the improve-

ment in performance recorded. 

File (English) Number of
pronouns

Before enhancement
correctly resolved pro-

nouns / success rate

After enhancement cor-
rectly resolved pro-
nouns / success rate

Improvement
(success rate)

ACC 130 106 / 81.54% 112 / 86.16% 4.62%
CDR 83 56 / 67.47% 59 /  71.09% 3.59%
BEO 68 41 /  60.30% 44 / 64.71% 4.41%

Total/Average 281 203 / 72.25% 215 / 76.52% 4.27%

Table 3: Pronoun resolution for English before and after enhancement

File (French) Number of
pronouns

Before enhancement
correctly resolved pro-

nouns / success rate

After enhancement cor-
rectly resolved pro-
nouns / success rate

Improvement
(success rate)

ACC 156 107 / 68.59% 113 / 72.44% 3.85%
CDR 136 77 / 56.62% 84 / 61.77% 5.15%
BEO 98 43 / 43.88% 44 / 44.90% 1.02%

Total/Average 390 227 / 58.21% 241 / 61.80% 3.59%

Table 4: Pronoun resolution for French before and after enhancement

Tables 3 and 4 above show that the improvement of the success rate on particular files could

be up to 4.62% for English and up to 5.15% for French after enhancement. During the analysis of

the outputs of each of the resolvers the following cases were distinguished:



- The antecedent was initially wrongly identified for English, but correctly identified later

due to the French gender filter (for 11 anaphors). 

- The antecedent was correctly identified in English without the help of the French gender

filter, and the antecedent was wrongly proposed for French (37) 

- Both the English and the French pronoun resolvers proposed the wrong candidate (32) 

- Both the English and the French pronoun resolvers identified the correct antecedent (26)

It should be noted that in all cases the gender filter in French helped the English module re-

duce its search space.

Conclusion

This study shows that bilingual corpora for English and French can improve anaphora resolu-

tion in both languages. The implemented mutual enhancement algorithm delivers an average im-

provement of 4.27% for English and 3.59% for French. Whereas this project has been limited to

French and English, the results confirm more generally that resolving anaphora in a language

that features grammatical gender as French can help anaphora resolution in a morphologically

poor language as English. In the future we envisage experimenting with languages that feature

three grammatical genders such as Slavonic languages.
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