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Abstract. Nowadays discourse parsing is a very prominent research topic.
However, there is not a discourse parser for Spanish texts. The first stage in or-
der to develop this tool is discourse segmentation. In this work, we present
DiSeg, the first discourse segmenter for Spanish, which uses the framework of
Rhetorical Structure Theory and is based on lexical and syntactic rules. We de-
scribe the system and we evaluate its performance against a gold standard cor-
pus, obtaining promising results.
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1 Introduction

Nowadays discourse parsing is a very prominent research topic, since it is useful for
text generation, automatic summarization, automatic translation, information extrac-
tion, etc. There are several discourse parsers for English [1,2], Japanese [3] and
Brazilian Portuguese [4,5]. Most of them use the framework of Rhetorical Structure
Theory (RST) [6]. However, there is no discourse parser for Spanish. The first stage
in order to develop this tool for this language is to carry out discourse segmentation
automatically. As stated in [7]: “Discourse segmentation is the process of decompos-
ing discourse into elementary discourse units (EDUs), which may be simple sentences
or clauses in a complex sentence, and from which discourse trees are constructed”.
There are discourse segmenters, for English [71,8], Brazilian Portuguese [9]2 and
French [22], but not for Spanish. All of them require some syntactic analysis of the
sentences. [7,8,9] rely on a set of linguistic rules. [22] relies on machine learning
techniques: it learns rules automatically from thoroughly annotated texts.

! http://www.sfu.ca/~mtaboada/research/SLSeg.html
2 http://www.nilc.icmc.usp.br/~erick/segmenter/
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In this paper we present DiSeg, the first discourse segmenter for Spanish. It pro-
duces state of the art results while it does not require syntactic analysis but only shal-
low parsing with a reduced set of linguistic rules. Therefore it can be easily included
in applications that require fast text analysis on the fly. In particular it will be part of
the discourse parser for Spanish that we are carrying out. It will be also used in tasks
involving human discourse annotation, since it will allow annotators to perform their
analysis starting from a unique automatic segmentation.

We describe the system, based on shallow parsing and syntactic rules that insert
segment boundaries into the sentences. Like in [7,22], we evaluate system perform-
ance over a corpus of manually annotated texts. We obtain promising results,
although the system should be improved in some aspects.

The rest of the paper is structured as follows. Section 2 explains our methodology.
Section 3 describes the implementation. The gold standard corpus and the experimen-
tal setup is detailed in section 4, meanwhile results are reported in section 5. Finally,
section 6 is devoted to conclusions and future work.

2 Methodology

The theoretical framework of our research is based on Rhetorical Structure Theory
(RST), as defined in [6]. As mentioned in [10], this theory is used in a wide range of
NLP applications like automatic text generation [11,12,13], summarization [1,14,15],
translation [16,17], etc. In all these applications, RST is used to obtain a deeper lin-
guistic analysis. Figure 1 shows an example of RST discourse tree (with three rela-
tions: Background, Contrast and Concession).

Background
T
Concession
Contrast Ty
The father loves while the mather — Althougth the mother  pesterday she played
plaping football with — loves playing basket prefers plaving footbal with her
his childien, with them. hazket, family.

Fig. 1. Example of a RST discourse tree

As it can be seen in this example, RST can work at two levels. At sentence level to
analyse them or at an upper level to relate them. We shall not consider the transversal
case where sub-units inside a sentence can be individually related to units inside other
sentences. In [23] we have shown how RST at upper level can improve automatic
summarization methods based on full sentence selection from the source text by scor-
ing them according to their discursive role. In this paper we focus on RST applied at
sentence level.
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RST sentence segmentation tools are necessary for further discursive analysis but
they are also useful on their own in many NLP applications. For example, by seg-
menting complex sentences they can be used in sentence compression. Therefore, in
automatic summarization, RST-based strategies would allow to eliminate some pas-
sages of these sentences, obtaining more suitable summaries. With regard to auto-
matic translation, most usual strategies rely on statistical sentence alignment. Again,
for complex sentences, the results of these statistical systems could be improved by
aligning sub-discourse units. Moreover, fast segmentation tools based on shallow
parsing, as the one we propose here, can be applied in focus Information Retrieval
systems that have to return short text passages instead of complete documents.

Let us now precise the notion of EDU in our work. We consider them as in [18],
but with some differences, similar to those included in [7] and [19]. The aim of these
differences is to be able to clearly differentiate syntactic and discursive levels. In this
work, we consider that EDUs must include at least one verb (that is, they have to
constitute a sentence or a clause) and must show, strictly speaking, a rhetorical rela-
tion (many times marked with a discourse connector).

For example, sentence la would be separated into two EDUs, while sentence 1b
would constitute a single EDU:

la. [The hospital is adequate to adults,]gpy; [but children can use it as well. Jgpys

1b. [The hospital is adequate to adults, as well to children.]gpy,

Furthermore, subject and object clauses are not necessarily considered as EDUs. For
example, sentence 2 would be a single EDU:

2. [She indicated that the emergency services of this hospital were very efficient.]gpy

We have then developed a segmentation tool based on a set of discourse segmentation
rules using lexical and syntactic features. These rules are based on:

— discourse markers, as “while” (mientras que), “although” (aunque) or “that is”
(es decir), which usually mark relations of Contrast, Concession and Reformula-
tion, respectively (we use the set of discourse markers listed in [20]);

— conjunctions, as, for example, “and” (y) or “but” (pero);

—adverbs, as “anyway” (de todas maneras);

— verbal forms, as gerunds, finite verbs, etc.;

— punctuation marks, as parenthesis or dashes.

Finally, we have also annotated manually a corpus of texts to be used as gold standard
for evaluation. The elaboration of a gold standard was necessary due to the current
lack of discourse segmenters for Spanish. We thus evaluate DiSeg performance,
measuring precision, recall and F-Score over this annotated corpus. We also consider
three different baseline systems and a simplified system named DiSeg-base.

3 Implementation

DiSeg implementation relies on the open source software FreeLing [21] for the Part of
Speech (PoS) and shallow parsing. This open-source highly scalable resource for NLP
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applications is based on simple Hidden Markov Model (HMM) classifiers and on
readable optimal Context Free Grammars (CFG), which can be easily adapted to
specific needs. Therefore, we carry out some modifications into the default grammar
of the shallow parser. These were mainly recategorizations of some elements (as
prepositions, prepositional phrases, adverbs or adverbial phrases) into discourse
markers (disc_mk). FreeLing output is then encoded into an XML structure to be
processed by perl programs that apply discourse segmentation rules in a two-step
process.

First (DiSeg-base), candidate segment boundaries are detected using two simple
automata based on the following tags: ger, forma_ger, ger_pas (that is, all possible
present participles or gerunds), verb (that is, finite verbal forms), coord (coordinating
conjunctions), conj_subord (subordinating conjunctions), disc_mk (recategorizated
elements) and grup_sp_inf (infinitives). The only text markers that are used apart
from these tags are the period and two words: “that” (que) and “for” (para).

Second (DiSeg), EDUs are defined using a reverse parsing from right to left where
boundaries are considered only if there is a verb in the resulting segments before and
after this boundary. Indeed, if all previously inserted boundaries were considered,
EDUs without verbs could be generated. Figure 2 shows DiSeg architecture.

v

[tag]
[S]xxxx [/S] Sentence segmentation
IN]yyyy [/N] q and POS tagging
J1www [1J] (Freeling)
[ftag]
Shallow parsing
q (Freeling with
recategorized grammar)
<xml>

<S> xxxx </S>
<N> yyyy </N> q Transformation to XML

<J>www </J> (with Perl)
</xml>
. Segmentation rules application
EDUI1:
EDU2. [[y";;;} (with Perl and Twig):
EDU3; [aaaa] q - Detection of segment boundaries

- EDUs definition

Fig. 2. DiSeg architecture

DiSeg can be used on-line at http://diseg.termwatch.es. The system is also available
under General Public License (GPL). It requires FreeLing and it is made of three
elements:
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1) a grammar for FreeLing,

2) asmall perl program to transform FreeLing output into XML,

3) a second perl program that applies discourse segmentation rules and requires
TWIG library for XML.

Appendix A includes a passage of the gold standard corpus, its translation and its
DiSeg segmentation. Appendix B shows the resulting XML source with:

—tags inserted by FreeLing, including disc_mk tags resulting from the added rules
to the default FreeLing CFG for Spanish,

—the segD tags corresponding to possible EDU boundaries (DiSeg-base),

— the subseg tags corresponding to selected EDUs (DiSeg).

The XML elements “<seg rule="rulel">...<seg>" that also appear in this output indi-
cate the passages that DiSeg had to analyze. The analysis is carried out inside these
elements. In the current case, these elements are full sentences but, whenever punc-
tuation is ambiguous, extended elements could be considered.

Since we use very few text marks, our approach should be easily adapted to other
Latin languages defined in FreeLing. Moreover, Diseg-base could be implemented in
a CFQG, but it would be less computationally efficient. It is only the final reverse pars-
ing that is not CFG definable. In our experiments we have tested to what extend the
non CFG module is necessary.

4 Experiments and Evaluation

The gold standard test corpus consists of 20 human annotated abstracts of medical
research articles. These abstracts were extracted from the on-line Gaceta Médica de
Bilbao (Medical Journal of Bilbao)®. The corpus includes 169 sentences. Text average
is 8.45 sentences. The longest text contains 21 sentences and the shortest text contains
3 sentences. The corpus contains 3981 words. Text average is 199.05 words. The
longest text contains 474 words and the shortest text contains 59 words. This corpus
includes 203 EDUs. Text average is 10.15 EDUs (the maximum 28 EDUs and the
minimum 3 EDUs). These statistics are similar to the statistics of the gold standard
corpus used in [7] to develop a discourse segmenter for English, obtaining very good
results.

This corpus was segmented by one of the authors of this paper (following the
guidelines of our project). Another linguist, external to the project, segmented the
corpus following the same guidelines. We calculated the precision and recall of this
second annotation. Both measures were very high: precision was 98.05 and recall
99.03. Moreover, after short discussions between annotators, a consensus was
reached. We use the consensual segmentation as gold standard. This gold standard is
also available at http://diseg.termwatch.es.

We ran DiSeg over this corpus for evaluation and computed precision, recall and
F-Score measures among detected and correct boundaries. Precision is the number of
correct boundaries detected by the system over the total number of detected ones.
Recall is the same number of correct boundaries detected by the system but divided

3 http://www.gacetamedicabilbao.org/web/es/
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this time by the total number of real boundaries existing in the gold standard corpus.
As in [7], we do not count sentence boundaries in order to not inflate the results.
For this evaluation, we used three baseline segmenters:

1. Baseline_0 only considers sentences as EDUs. This is not a trivial baseline
since its precision is 100% by definition and four texts in the gold standard
have no other type of EDUs.

2. Baseline_lI inserts discourse boundaries before each coor tag introduced by
the Freeling shallow parsing.

3. Baseline_2 considers both tags indicating coor and conj_subord but only
the last segment at the right of the sentence with a verb is considered as an
EDU.

We also consider a simplified system named DiSeg-base, where all candidate bounda-
ries are considered as real EDU ones, even though some generated segments can have
no verbs.

For Baseline_1, Baseline_2 and DiSeg-base we do not count sentence boundaries.

5 Results

Table 1 contains the results of the evaluation. Results show that DiSeg full system
outperforms DiSeg-base and all the baselines. F-Score differences are statistically
significant according to the pairwise Student test at 0.05 between the two versions of
DiSeg and at 0.01 among DiSeg and the three baselines (Baseline_2, the most sophis-
ticated baseline, appears to give the best results).

These results are similar to those obtained by the discourse segmenter for English
introduced in [7]: 93% of precision, 74% of recall and 83% of F-Score. Thus, we
consider that DiSeg results are promising.

Table 1. Results of the evaluation

Precision Recall F-Score
DiSeg 71% 98 % 80%
DiSeg-base 70% 88% 74%
Baseline 2 68% 82% 72%
Baseline 1 33% 70% 39%
Baseline_0 100% 49% 62%

After a quantitative analysis of the results, we carry out a qualitative analysis in
order to detect the main performance problems. We find problems concerning seg-
mentation rules and concerning Freeling. The main problem of segmentation rules
concerns situations where the element que (“that”) is involved at the same time that
the conjunction y (“and”). Example 3a shows DiSeg segmentation and example 3b
shows the correct segmentation.
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3a. [El perfil del usuario seria el de un varon (51,4%) de mediana edad (43,2 aiios) que
consulta por patologia traumdtica (50,5%)lgpu1 [y procede de la comarca sanitaria
cercana al hospital.]gpu»
ENGLISH TRANSLATION OF 3A. [The general profile of users would be a man (51.4%)
of middle age (43.2 years) who consults because of traumatologic pathologies
(50.5%)]gpu; [and comes from the sanitary area near the hospital.]gpy,

3b. [El perfil del usuario seria el de un varon (51,4%) de mediana edad (43,2 afios) que
consulta por patologia traumdtica (50,5%) y procede de la comarca sanitaria cercana
al hospital. Jgpu;
ENGLISH TRANSLATION OF 3B. [The general profile of users would be a man (51.4%)
of middle age (43.2 years) who consults because of traumatologic pathologies
(50.5%) and comes from the sanitary area near the hospital.]gpy;

One of the DiSeg segmentation rules indicates that the relative que (“that”) is not
considered as segmentation boundary. Nevertheless, another of these rules indicates
that, if there is a coordinative conjunction (like y [“and”]) and next there is a verb,
that conjunction constitutes a possible segmentation boundary. Thus, DiSeg does not
segment before que (“that”), but it segments just before y (“and”), because it finds the
verb procede (“comes from”) before the end of the sentence. We have detected sev-
eral cases with a similar problem.

Moreover, we detect two errors due to a wrong sentence segmentation of Freeling.
Example 4 shows one of them (example 4a shows DiSeg segmentation and example
4b shows the correct segmentation).

4a. [No encontramos cambios en la medicion del dngulo astrdgalo-calcdneo en AP.
Realizamos una descripcion de nuestra serie y una discusion acerca de la técnica y de
la indicacion actual de la cirugia en esta patologia.]gpu;
ENGLISH TRANSLATION OF 4A. [In the measurement of the talar-calcaneal angle in AP
there was no changes. We carry out a description of our series and a discussion about
the surgical technique and the present indication in this pathology.]gpu;

4a. [No encontramos cambios en la medicion del dngulo astrdgalo-calcdneo en
AP.Jgpu; [Realizamos una descripcion de nuestra serie y una discusion acerca de la
técnica y de la indicacion actual de la cirugia en esta patologia.lgpy»
ENGLISH TRANSLATION OF 4B. [In the measurement of the talar-calcaneal angle in AP
there was no changes.]gpy; [We carry out a description of our series and a discussion
about the surgical technique and the present indication in this pathology.Jgpu»

The sentence segmentation module does not segment correctly these two sentences,
probably because it considers “AP.” as an abbreviation and it does not detect the
beginning of the second sentence. This problem causes an error in the discourse seg-
mentation of DiSeg.

6 Conclusions

We have developed DiSeg, the first discourse segmenter for Spanish, based on lexical
and syntactic rules. We consider that this research constitutes an important step into
the research on automatic discourse parsing in Spanish, because there are not many
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works about this topic for this language. We have evaluated DiSeg performance,
measuring precision, recall and F-Score, comparing it with a gold standard that we
have carried out. Performance is good if we compare it with the baseline segmenters.
Moreover, results are similar to the ones obtained in [7]. Additionally, we think that
the gold standard we have carried out is a good contribution in order to encourage
other researchers to go on investigating in this field.

As future work, we plan to solve the detected errors, using more symbolic rules
and/or machine learning approaches like in [22]. Moreover, we will apply DiSeg to
another Spanish corpus including general texts from the Wikipedia. The final goal of
the project is to develop the first discourse parser for Spanish on an open platform,
easily adaptable to the other Latin languages implemented in FreeLing.
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APPENDIX A. Example of DiSeg segmentation

Original Spanish passage

Con el fin de predecir la tasa esperable de ganglios centinela en nuestra poblacion, hemos analizado la
tasa de invasion axilar en los tiltimos 400 casos de cdncer de mama pTI operados por nosotros, utilizando
la técnica cldsica de linfadenectomia axilar completa. De los 400 tumores 336 (84.0%) fueron carcinomas
ductales infiltrantes NOS, 32 (8.0%) carcinomas lobulillares, 22 carcinomas tubulares puros (5.5%), y los
10 restantes correspondieron a otras variedades histologicas menos frecuentes. A la hora de realizar el
estudio del ganglio centinela en cdnceres de mama T1 en nuestra poblacion, cabe esperar globalmente la
deteccion de un ganglio positivo en al menos una de cada cuatro pacientes.

English translation given by the text author

In order to predict the expectable positive sentinel node rate in our population, we analyzed the rate of
axillary invasion in the last 400 pTI1 breast cancer cases operated by us, using the classical technique of
complete axillary dissection. Of the 400 tumors, 336 (84.0%) were ductal NOS infiltrating carcinomas, 32
(8.0%) lobular carcinomas, the remaining 10 belonging to other, less frequent histological varieties. When
studying the sentinel node in TI breast cancers in our population, the detection of a positive node may
globally be expected in one out of four patients.

Segmented text

<rst>

<segment id=1>

Con el fin de predecir la tasa esperable de ganglios centinela en nuestra poblacion,

</segment>

<segment id=2>

hemos analizado la tasa de invasion axilar en los iiltimos 400 casos de cdncer de mama pTI operados
por nosotros,

</segment>

<segment id=3>

utilizando la técnica cldsica de linfadenectomia axilar completa.

</segment>

<segment id=4>

De los 400 tumores 336 (84.0%) fueron carcinomas ductales infiltrantes NOS, 32 (8.0%) carcinomas
lobulillares, 22 carcinomas tubulares puros (5.5%),

</segment>

<segment id=5>

y los 10 restantes correspondieron a otras variedades histologicas menos frecuentes.

</segment>

<segment id=6>

A la hora de realizar el estudio del ganglio centinela en cdnceres de mama T1 en nuestra poblacion,
</segment>

<segment id=7>

cabe esperar globalmente la deteccion de un ganglio positivo en al menos una de cada cuatro pacientes.
</segment>

</rst>
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APPENDIX B. Screenshot of the complete DiSeg XML output

<XML>
<S>
<seg rule=""rulel'">
<disc_mk>
<term cat="SPS00" lem="con">Con</term>
<term cat="DAOMSO0" lem="el">el</term>
<term cat="NCMS000" lem="fin">fin</term>
<term cat="SPS00" lem="de">de</term>
</disc_mk>
<grup_verb_inf>
<infinitiu role="head">
<inf role="head">
<forma_inf role="head">
<term cat="VMNO0000" lem="predecir">predecir</term>
</forma_inf>
</inf>
</infinitiu>
</grup_verb_inf>
<grup_nom_fs role="head">
<n_fs role="head">
<term cat="NCFS000" lem="poblacién">poblacién</term>
</n_fs>
[...]
</grup_nom_fs>
</sn>
<segD rule=""rule4.2''>
<term cat="Fc" lem=","> </term>
</segD>
<subseg>
<grup_verb>
<verb role="head">
<vaux>
<term cat="VAIP1P0" lem="haber">hemos</term>
</vaux>
<parti role="head">
<term cat="VMPOOSM" lem="analizar">analizado</term>
</parti>
</verb>
</grup_verb>
<sn>
<espec_fs>
<j_fs role="head">
<term cat="DAOFS0" lem="el">la</term>
</j_fs>
</espec_fs>
<grup_nom_fs role="head">
<n_fs role="head">
<term cat="NCFS000" lem="tasa">tasa</term>
</n_fs>
</grup_nom_fs>
</sn>

[...]
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