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Preface

This volume presents the reader a selection of papers on the theory and applications
of intelligent learning environment.

Human beings are distinguished from each other mainly by the skills they possess
to understand ideas or solve problems. This ability is closely linked to what we call
intelligence. Atrtificial Intelligence (Al), has made that a computer can simulate an
“intelligent” behavior, coming to solve problems that classical computing could not
solve. The achievements in this area can be applied in almost any area of knowledge,
including education, which has helped the development of tools such as Intelligent
Tutoring Systems, Pedagogical Agents, and Computer Games in educational
environments.

Today, learning and adaptive systems incorporate not only cognitive factors but
also emotional or affective states of students. That means, that in order to build a
modern learning systems we would need to study different fields of knowledge as
pedagogy, computer science, educational psychology, and artificial intelligence. The
aim of this book is to present different research works in some of the most interesting
fields of intelligent learning systems.

In addition to the section devoted to intelligent learning environments, the volume
also includes a selection of regular papers.

Ramén Zatarain Cabada September 2012
Maria Lucia Barrén Estrada
Yasmin Hernandez Pérez
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Computer Systems for Analysis of Nahuatl
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Oax., C.P. 71513, Mexico
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Abstract. This article describes two computer systems that allow us to analyze
words written in the Nahuatl language. The main goal is the diffusion and
preservation of indigenous language with great historical, linguistic, literary and
nationalistic relevance by developing language resources for Nahuatl. One
system automatically gets prefixes or suffixes of words from a text written in
Nahuatl. This system was developed because Nahuatl writing contains
agglutination, i.e. prefixes and/or suffixes are added to the root of a word to
give it specific meaning. The other system is a Nahuatl to Spanish translator
and vice versa, which also shows semantic information related to the terms in
Nahuatl. This information includes the root, or roots of words as well as it’s
grammatical category, which can be: a noun, adjective, pronoun, preposition,
conjunction, article, adverb, verb or interjection. The system currently contains
1,514 terms.

Keywords: Computer systems, Nahuatl language, language resources, semantic
information.

1 Introduction

Nahuatl is an indigenous language which is currently spoken in countries such as
Mexico, El Salvador, United States, Guatemala and Nicaragua.

Currently, Nahuatl is the indigenous language most widely spoken in the Mexican
territory, with approximately a million and a half fluent individuals, as reported by
National Institute of Statistics and Geography and Computer. This language is
valuable because it has great historical, linguistic, literary and nationalistic
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significance. The states in Mexico where Nahuatl is still spoken include: State of
Mexico, Puebla, Guerrero, Hidalgo, Veracruz, Oaxaca, Durango, Morelos, Mexico
City, Tlaxcala, San Luis Potosi, Michoacan, Jalisco, among others.

Nahuatl is one of the American languages most studied and documented [1], [4-7],
[9-11], there are several documents written in Nahuatl from which we can extract
important information valuable to present and future generations.

Our interest in developing language resources for Nahuatl is primarily based on
the following:

— Due to ignorance and mismanagement of the language terms, we are losing much
of our culture. It is therefore important to accurately recognize and extract the
information contained in documents written in Nahuatl;

— Preserving a language with historical roots, the loss of the Nahuatl language would
represent the loss of part of the Mexican essence and identity. To better understand
the cultures that still speak this language, as well as to communicate with people
who only speak Nahuatl.

Moreover, the research field of Natural Language Processing (NLP) is a sub-
discipline of Computer Science and Linguistics [2], [3], which is responsible for
producing computer systems that facilitate the communication between man and man
or man-machine using natural language. The purpose of NLP is to study the problems
of automatic generation of natural language understanding. Some relevant
applications of NLP are:

— Automatic Translation

— Speech Recognition

— Voice synthesis

— Extraction of information

— Information Retrieval

— Automatic generation of summaries
— Handwriting recognition

— Text Mining

— Question Answering

To build these applications, the NLP is assisted by linguistic resources.

Linguistic resources [8] are a set of language data in computer readable form and
are used in the construction, improvement and evaluation of natural language systems,
although the term also includes software tools or systems aimed to separate, collect,
manage and use other resources. In this paper we present two software tools that
allow us to analyze words in Nahuatl.

2 Development of the Computer Systems
In order to perform analysis of the Nahuatl language we have developed two software
tools: one for prefixes and suffixes of words in Nahuatl text and another for the

translation of the Nahuatl-Spanish terms, wich also provide semantic information of
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words in Nahuatl. Because the Nahuatl is an agglutinative language, that is, prefixes
and/or suffixes are added to the root of a word giving them complex meanings, it was
necessary to develop a system that allows us to analyze the words in their most basic
form. On the other hand, in order to develop future specialized applications, such as a
stemmer, we require more information related to the word, since the mere
corresponding meaning in Spanish will not be enough.

The steps followed to develop the system to obtain prefixes and suffixes are as
follows:

1. System requirements. We searched and analyzed Nahuatl documents to form a
collection of texts in txt format.

2. System design. The system design consists of three layer architecture: interface,
application logic and storage.

3. Implementation and testing. The System was implemented in the programming
language C #.

System

Interface Layer Logical Layer

—

Interfaces Logical

Find word
Bdd word
Update word
Delete Word

Select language
Confirmation message
Llert message Delete word Modify word

About system

kdd word Find word

[t

v

Storage Layer |
Storage

Word Fhrase
+Id_word +Id phrase
+Root +5panish
+Grammatical category +Mahuatl
+S8panish +
+Hahuatl +Update phrase|()
+0pdate_word() +add phrase (}
+Add word() +Delete phrase ()
+Delete word()

Fig. 1. Architecture of the translation and semantic information system.
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Development of the Nahuatl-Spanish translator which includes semantic information
was performed by the following process:

— System requirements. We identified the main functions of the system to keep the
collection of terms, which are: search, add, modify and delete.

— System design. The system design consists of three layer architecture: interface,
application logic and storage. Figure 1 shows the architecture interface of the
system.

— Implementation and testing. The system was developed in C #, and the database
was implemented in MS-Access 2000 because the database manager does not
depend on a server to operate.

o) Mahuatl Project - Prefixes/Suffixes

Tochtli uan koyotl
Pan se tonajli nemiya se coyotl pan tepetl, man
se tochtli man okitlajtolti:

- Tlenon tikchiua tochtli.

- ma okinankili.

- Nikan nikuajtok xaxokotl, kualtsin tsopelik tla
cikneki tikuas san se nimicswakas.

= Xinechajtlajkajli se kualtsin ma tsopelik.

- okijto koyotl.

- Xinechchiva man tekitli man tikuas, ompayau ixkas
mo kamak man ixkua.

Fig. 2. Interface of the computer system to obtain prefixes and suffixes.

3 Results

Our results are two software systems, one for prefixes and suffixes of words in
Nahuatl and another for the translation of the Nahuatl-Spanish terms and vice versa,
which also shows semantic information related to the term in Nahuatl.

To test the first system we have a collection of 836 texts in Nahuatl classified into
four categories: Poetry, Stories, Religion, and Miscellaneous. Figure 2 shows the
interface of the system with an input text. Figure 3 shows the output of the system
with prefixes of size 6 letters.

Figure 4 shows the computer system interface translation (using Spanish and
Nahuatl languages) of terms and semantic information related to the term in Nahuatl.
The semantic information is the root or roots of words and grammatical category,
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which can be: a noun, adjective, pronoun, preposition, conjunction, article, adverb or
verb. The system currently contains 1514 terms.

Tochtl uan koyotl
tochtl man okitla
- ma okinan

san se nimits

- okijto koyotl

'Ir.anak man ixkua.

categonia_gramatical

atlxoxouia  Sustaniivo
| sustantivo
| sustantivo
| Mombre
|Nombre
|Nombre
Nombre
Callotia |Sustantiva
Cactonoma  Sustantivo
Teana | Sustaniivo
Camallzayana Sustantivo

~acalamii (LY
£

- Tlenon tikchi tochtl

Pan se tonajl nemiya se coyotl pan tepetl man

- Nikan nikuaj xaxoko kualts tsopel tla tiknek
= ¥inech se kualts ma tsopel

- ¥inech man tekiti man tikuas ompaya ixkasi ka

castellano

abanico

abdomen

abeja

Abismo, gran profundidad de agua
abuela

abuelo

Acajutia

Acalan

Acaponeta

Acapulco

Accion de albergar

Accion de descalzar a alguien
Accion de desempedrar
Accidn de dislocar

arcidn ds antrar

kuitlatekomat!
pipiyoli, pipiyoli
avaoxoulli

sijtl
keoli

Akaotlan (Lug
Akalan (Lugar
Akapolnetlan (1
Akapolko (Lug:
Tecallotiliztli
Tecactotomali:
Teanalztli
Tecamatzayan

raralanilizti ¥
¥

Fig. 4. Computer system interface for translation of terms and semantic information.
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4 Conclusions

In an effort to preserve the use of pre-Hispanic Nahuatl language this article presents
two computer systems that allow us to analyze words written in Nahuatl. One system
automatically extracts the prefixes or suffixes of words from a text written in Nahuatl,
and another system translates Nahuatl-Spanish terms and vice versa, and also shows
semantic information related to the term in Nahuatl. Currently our computer system
contains a database with 1,514 terms.

5 Future Work

As future work, we will develop a stemmer to continue the analysis and study of
Nahuatl. To implement the stemmer we will use the two computer systems described
in this work. As well as continue to develop linguistic resources for language Nahuatl
such as part-of-speech tagging and statistical parsing.
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Abstract. In this paper, we present a web-based system to provide student aid
in structuring research projects, specifically in the drafting of the objective. We
use MOODLE as platform to present course material and to evaluate the student
objective, we establish a dictionary of verbs, articles and tools for structural
analysis of the objective with the implementation of a finite-state machine. This
information is presented to students to receive acustomized feedback of their
objective with an example of a well structured objective from the objectives
repository. Finally we carried out an experiment with students’ final projects
and applied a satisfaction survey of the objective reviewer system.

Keywords: Web-based learning systems, natural language processing, course
management systems, Moodle.

1 Introduction

The use of natural language processing technologies applied to the study of texts for
information analysis is widely used, as presented in the article by Muifioz [1] which
performs the extraction of information in the domain of notary texts. Also Rose [2]
shows a framework for retrieving text documents through natural language
processing; this approach is based on the application of different techniques and rules
that explicitly encode linguistic knowledge. Documents are analyzed on different
linguistic levels by linguistic tools which incorporate text annotations within each
level [3].

This paper aims to create a computer tool to provide student aid in structuring a
researchproject, specifically in the drafting of the objective. This tool provides a
theoretical framework for the drafting of objectives, analysisof the objective after the
student has written it, and provides feedback to improve the objective. The tool uses
dictionaries which, combined with a transition matrix, provide feedback based on
certain pre-established parameters. Finally, the student, after using the tool, has a
more refined objective, which will help the faculty adviser.

pp. 17-23 17 Research in Computing Science 47 (2012)
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The use of natural language when considering the formation of higher education
students cannot be ignored. One of these stages of formation is related to the
generation and application of knowledge through research, which is usually placed in
the last semesters of the academic program. According to the institution, various
mechanisms are adopted that allow students to enter in the field of research, either
through business internships, professional practice or in the various forms of
professional qualification, all presenting the possibility of doing a research project.
However, the process of drafting the research projects is usually not an easy task for
students. Therefore, the system described in this paper intends to assist the work of
the teacher and to facilitate and guide students through this process, specifically in the
objective setting. This part in particular is important because it is the objective which
shows the expected end result, besides being the guide that directs and allows
monitoring the investigation in order to maintain a course leading to the goal initially
proposed [4].

The analysis of natural language requires a lexical and grammatical analysis as we
can see in the work of Dominguez[5] which implements an application for
grammatical analysis to the Spanish language for database queries. Firstly performing
a lexical analysis to check the input sentence, identify words and proceed to tag them
using a lexical dictionary; in that dictionary are stored all the words that
userspredominantly use, then a grammatical analysis is performed using a finite state
machine to determine whether a sentence is grammatically valid. In this article we
propose the use of a tool that integrates the analysis of a research objective in natural
language to the structure of a course management system Moodle; we establish a
dictionary of verbs which analyzes the number of verbs in the objective, and also
analyzes the number of words used, finally a basic grammatical analysis of the
objective is performed using a finite state machine.This information is presented to
students to receiveimmediate feedback ontheir objective. Finally we carried out an
experiment with students” final projects.

2 The model

The model consists in a Moodle course online, in which we present several resources
to write objectives, these resources must be reviewed by the student. After that the
student answers a test and if his score is higher than 70, the option access to the
objective reviewer is enabled in order to begin the redaction.

The student writes his objective and requests the analysis, the objective reviewer
performs the following process: a lexical analysis and labeling, a count of words,
verbs, articles and tools found in the objective, the word count is compared with the
maximum number of 43 words and minimum of 13 words found in the repository of
written objectives which has 100 sample objectives, the verb count is compared with
the maximum number of verbs found in objective repository 5, the minimum value
for verbs is one, which should be in the infinitive form as indicated by the drafting
guide for the university.

Simultaneously, basic grammatical analysis of the objective is performed using a
finite state machine with 4 states: Figure 1 presents the model used to analyze the

Research in Computing Science 47 (2012) 18
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objective, with the automaton we ensure that the first element of the objective is a
verbor anarticle in state 0 and subsequently a tool is used to achieve the objective in
state 2 to finish the sentence. In case of finding any mistakes in the objective, the
objective reviewer suggests how to improve the redaction. Once the student corrected
all errors an option is enabled to answer the satisfaction survey instrument.

Other (3) Other (3)

Other (3)

Fig. 1. Automaton used to analyze the objective.

The fourth state is the final one of state machine, where a verb and tool has been
found successfully in the analyzed objective. When the process ends, the objective
reviewer sends a success message to the student, if the fourth state in the automaton is
not achieved, the objective reviewer indicatesa recommendation to improve the
objective, in the absence of a verb the use of at least one verb in the infinitive form is
recommended in order to define the action.In the case exceptions words are found, it
isrecommended they are deleted, if the state machine is not successfully finish a
message is send depending on the position which has failed.

For example, if the state in the automaton is 1 or 2, this indicates that it is
necessary to include a tool in the objective, if thestate is 0 or 3, it indicates that it is
necessary to start the objective with a verb in the infinitive form, finally, the objective
reviewer shows an optimal objective which uses the same verb in the objective
analyzed or a random objective.

3 Case Study

The experiment to test the tool was applied to a group of 42 students from three
different Mexican Universities in the State of Sonora. Some of the students are doing
research work whileothers are in advanced semesters in courses of research
methodology. For this experiment we used the online course in Moodle.
(http://moodle.moctezumavirtual.com). It starts by inviting all students to participate
via email using the course “Intelligent Tutor for Research Projects” with access key
“sonora”, here we indicate the importance of reading the material for writing adequate
objectives. In Figure 2 we can see the content of the Moodle Course usedas first

19 Research in Computing Science 47 (2012)
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material to teach students how to write an objective, and in the second block we have
the test and the student satisfaction survey.

isar de objstivos ya
resione para entrar al

Revisor de Objetivos: En esta seccion encontraras material de estudio
para la estructuracion de objetivas de investigacion asi coma una
herramienta de analisis de 1os mismos
1 Presentacion de Power Paint sobre redaccidn de o
investigacion

hjetivos de

MATERIAL PARA LA REDACCION DE OBJETIVOS DE INVESTIGACION

Redaccion de Ohbjetivos de Investigacion
En taso de no tener power point, este material se encuentra tisponible en
el siguiente Link, en formato WEB

Redaccion de Ohbjetivos de Investigacion
Listado de Yerbos e Taxonomia de BLOOM
Ejemplo de objetivos

EVALUACION

Evaluacion Objetivos de Investigacion
? ENCUESTA

Fig. 2. Moodle Course “Intelligent Tutor for Research Projects”.

After that, we ask students to answer a five question quiz to confirm they have read
the material. When the student receives a positive score on the quiz, anoption is
enabled touse the objective reviewer, and then the student can perform a preliminary
analysis of his objective, before it is sent to the University's academic advisor.

Fig. 3. Objective reviewer interface.

The interface of the objective reviewer is shown in Figure 3, where feedback to the
students is shown. In this case the objective analyzed in spanish was: “El sistema
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realizara altas, bajas y modificaciones a los registros de productos de la empresa”
(“The system will perform additions, deletions and modifications to the records of the
company's products”). The parser takes the first word "EI" (“The”) and identifies if it
as an article. In the automaton this leads to state 3 in which a verb is expected but the
second word is "sistema" (“system”) category labeled "other" in this case the systems
sends to user a feedback indicating that they must use a verb in infinitive form at the
beginning of the objective. Once the students’ achievement complies with all
recommendations and they obtain a successful analysis, the student will answer a
satisfaction survey to determine the objective reviewer utility.

4 Results

As a result of the 42 students who used the objective reviewer, there were 150
different types of feedback, the students made 186 attempts and the average usage
time was 5:10 minutes. Figure 4 shows the numbers of attempts for each student to
use the analyzer, the number of attempts were taken from the amount of feedbacks

presented to the students.
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Fig. 4. Number of attempts per student.

By analyzing the types of messages sent to students it was found that 45% of the
time the objective reviewer provided feedback to students such as include a tool, 22%
were of the type include infinitive verb, 20% were suggestions to reduce the number
of words in the objective and finally 13%" recommended they add words to the
objective.

With this data we can concludethat most students did not include a tool in their
objective, which refers to "how" the objective will be achieved, such a tool couldbe
"web technology" or "Database."
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The results of the satisfaction survey indicated 84% of the group rated the
objective reviewer as of ‘great use”, 13% of students indicated that it was moderately
helpful and only 2% of students indicated that it was not useful.

We performed a statistical test to the results of objectives, hypothesis testing of a
sample: applied under the t-student distribution, assuming that the data behaved in a
continuous distribution.

Attempts were analyzed in the objective reviewer. One attempt meant that the
student used it once and did not receive suggestions from the objective reviewer, 2
attempts or more, the student received feedback to improve its overall objective. We
have the followings hypothesis:

Null hypothesis: The objective reviewer provides feedback to the student to
formulate the overall objective.

Alternative hypothesis: The objective reviewer doesn’t provide feedback to the
student to formulate the overall objective.

The Interval found is (3.754, 5.045), where with 95% reliability, the average can
take any value in the interval for our experiment we take 4.

Hypothesis Testing: HO =4 and H1 # 4.

We chose the statistical test “t-student” because of the small amount of unknown
data as the deviation of the population:

Data: Xn=4.4, Sn=2.07, u=4, n=42.

T=(Xn—-u)/(Sn/\n)=0.4/0.3194
()]
~T=12524.

The rejection area is located above t=—2.02 and t= 2.02, so the result of T= 1.2524
falls in the area of non-rejection. So we can conclude that the null hypothesis is not
rejected and the instrument helped students receive feedback to improve the wording
of their overall objective.

5 Conclusions and Future Works

The use of the objective reviewer in developing research projects is very useful for
students who are often inexperienced in the correct wording of objectives and
regularly require the teacher's personal advice; the parser proposed in this paper helps
guide the student in the correct wording to directly analyze the text, recommending
specific actions to improve the objectives was analyzed.

Using the objective reviewer we serve a large number of students and developed
their objectives for the final review by the teacher. From the results of the satisfaction
survey we can see that the use of the objective reviewer was useful for 84% of
students. In future works, we shall attemptto analyze objectives written in English and
we will optimize the system to work with mobile devices.

The objective reviewer is available to try in the follow internet address
http://moodle.moctezumavirtual.com to use the system just sign in and enter to the
course “Intelligent Tutor for Research Projects” with access key “sonora”.
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Abstract. Authoring tools are becoming increasingly common, they
make it easier and faster to create educational content. Normally, they
are based on standard training practices, and the content usually is dis-
played in two-dimensions. A learning environment that contains a chal-
lenge manager to store exercises in a database has been developed as an
authoring tool for a 3D educational game. The challenge manager allows
teachers with no programming skills to design exercises and problems for
the learning environment.

Keywords: Authoring tool, learning environment, courseware.

1 Introduction

An authoring tool is an application development environment for non-progra-
mmers, which has pre-programmed elements for the development of interactive
multimedia software titles. According to Locatis [3], the term authoring tool
refers to a range of software products having utilities for composing, editing, as-
sembling and managing multimedia objects, whereas the term authoring system
refers to a subset of these products allowing multimedia development without
having to program.

These tools are classified from simple to advanced. The tool is simple when
supporting utilities, for example, drag-and-drop facilities and wizard. Advanced
tools require programming capabilities to build course material and need tech-
nical competency [2]. Some of them are unspecialized authoring tools, such as
PowerPoint and Flash, FrontPage and Dreamwaver. For example, Wagner [8]
uses PowerPoint as a scenario authoring tool in athletic training. Whereas ex-
amples of specialized authoring tools are Presenter, Engage, Quiz Maker, Course
Lab and GLO Maker. Prensky [5] proposes to produce new types of training
modules that are likely to draw interest from trainees in ways that the current
authoring tools don’t. For example, by trainees allowing orient themselves by
walking around an accurate 3D representation to find clues and solve problems.
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Courseware that is instructional material in an interactive mode facilitates
and controls the individualized learning environment for students. It can be used
to provide instructional material to a group of students or for the individual stu-
dent. Courseware can be further subdivided into instructional methods, such as
drill and practice, tutorials and problem solving which supplement or enrich the
learning environment. The success of developing the courseware is governed by
three major factors: the content and pedagogical quality of the learning materi-
als, the amount and character of faculty support in the overall learning situation
[1], and the motivational quality of the learning materials

Drill and practice is an author-controlled approach to develop courseware.
The aim of this approach is to assume the main responsibility for developing
the students skill in the use of a given concept. This involves leading the stu-
dents through a series of examples where they can practice the material already
learned or have it repeated. The assumption with a drill and practice system
is that the students have already had the concept presented to them, that the
material has been seen before, and the purpose now is to gain and develop fa-
miliarity with the ideas. Since the purpose of drill-and-practice is to increase
learning effectiveness through repeated practice based on a stimulus-response
theory of behaviorism, the frequency of repetition should have a direct effect on
achievement. Research suggests that drill and practice-based lessons can be an
effective means of teaching students of varying learning styles.

As with many approaches, courseware has some advantages and disadvan-
tages. An advantage is the ability to individualize the instructional process so
that multimedia content involves students actively in the learning process. It is
impossible for the students to be passive in the situation, therefore the activ-
ity and their involvement facilitate learning. Courseware offers fast feedback so
students are kept informed of their progress through immediate feedback, pre-
sentation and achievement summaries. The learning reinforcement is immediate
and systematized. Instructions while developing courseware can be systemati-
cally prepared, sequenced, tested and revised. There is the possibility to create
generic teaching strategies that can be used with different instructional content
to represent abstract pedagogical entities and to design at the pedagogical level.
For example: "give a hint” or "teach the prerequisites” [4]. An additional ad-
vantage is that courseware frees teachers for other necessary work and thereby
increases educational productivity.

The major limitations to the widespread use of multimedia courseware and
authoring systems in the educational systems are: 1. a lack of knowledge among
the educators as how to effectively use the computer in an educational setting,
2. an insufficient quantity of high-quality courseware, which is closely related to
the use of an inefficient authoring tool, 3. problems associated with the amount
of time needed to develop materials and the difficulty of finding qualified and
experienced instructional designers and computer programmers.

Some of the main features that an authoring tool should have are: 1) a user-
friendly interface that projects usability, simplicity and ease of use. The user
simply has to select the button to load the media object visible on the template
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and use separate media editors to import the media files. 2) a database that
is able to store, retrieve, update, sort and delete records. It makes it easy to
improve content that has already been prepared for a specific use.

This paper describes authoring tools that can be used to easily develop
courseware by teachers and domain experts with no programming skills by fol-
lowing the drill-and-practice approach. However, it also can be used for problem
solving as described in [7]. Additionally, the content is presented in an attractive
3D learning environment to engage young students.

2 System Design

The 3 main components of the system are, a database, the Challenge Manager
and the 3D learning environment. The database is shared between the Challenge
Manager and the 3D learning environment, as shown in Figure (1). The Chal-
lenge Manager is mainly designed for teachers and domain experts, and the 3D
environment for junior high or middle school students. The database stores infor-
mation about the challenges, which can be questionaries, quizzes or step-by-step
solved problems.

i
fuh el el

A

’ Challenge manager ‘ 3D Learning Envi-
ronment

!

[ Domain expert J [ Students ]

Fig. 1. System main components

2.1 Database

There are three main entities in the database: challenges, objects and users. A
challenge is composed of a main statement, a figure linked to the statement, a
time limit, a hint or recommendation, points, difficulty level, and a set of steps
that lead the students to find the way to solve the challenge. A step is composed
of a multiple choice question and if necessary a recommendation. A tip can
be represented by text, a formula or an image. In this way, challenges can be
questions or problems from any domain, such as math, history and even foreign
languages. Challenges can be designed by teachers or domain experts and each
challenge is linked to an object in the 3D environment.

Objects are fixed elements in the 3D environment and can be 2D images
or 3D models. There are about 60 objects in the scenery which can not be
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modified nor changed. Each object has a stored description and a position in
the 3D environment. 2D images are famous philosophers or mathematicians and
famous archeological places, such as, Teotihuacan, El Palenque and Machu Pichu.
Additionally, architectural structures like the Big Ben in London and the Eiffel
Tower in Paris are included to stimulate interest and interaction between the
students and virtual environment.

In order to navigate in the virtual environment each user must have an ac-
count with a nickname and password. For each user, the database stores their
name, age and gender. Also, it stores statistical information about the users
such as the number of sessions in the system, how long the users use the system,
number of conquered challenges, number of mistakes, number of attempts to
conquer a challenge and scored points.

Perimeters
areas and
volumes

e

Triangles

Fig. 2. Five main museum rooms

2.2 3D Learning Environment

The 3D learning environment is specially designed for students who like to play
video-games focusing on the Game Based Learning approach as described in [6].
It is designed as a museum and the domain or main theme chosen to give exam-
ples is geometry. The museum has five rooms (Figure 2) and is called Geometry
Virtual Museum (GVM). The GVM loads the challenges stored in the database
and displays them as mentioned above. Each challenge is linked to an object and
can be associated with multiple challenges. These objects can be images on the
walls or 3D models such as platonic solids.

Figure (3) is a screenshot of the GVM showing elements taken from the
database, such as pictures, the player nickname and score, the challenge, a
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chronometer, the multiple choice question and the possible answers floating as
balloons in the scenario. Users can navigate all around the GVM just as in a
first person shooter game, but instead of a gun, users have a laser pointer and
instead of projectile weapon-based combat, users interact with pictures and ge-
ometric challenges in the scenario. Every time users point on a picture, a short
description of the picture is displayed on top of the screen. A click on a picture
makes the system display a challenge step by step.

# | MUSEQ VIRTUAL DE GEOMETRIA ==
Record: 449 R. Superados: 0

et

-
-

e
Cugdrado

Fig. 3. Geometry Virtual Museum

The process of displaying a challenge, quiz or a problem is very simple, once
a picture is clicked. The system displays the first challenge which starts with
the main statement at the top of the screen and a chronometer begins. After a
few seconds, the first multiple choice question is displayed at the bottom of the
screen and choices are displayed in the 3D environment. If the correct choice is
made by the user, the system displays a congratulating message and displays
the next question (step). However, if the choice is incorrect, then a ”try again”
message is displayed on the screen. A recommendation can also be added to aid
finding the correct solution. Also, to make the user think twice before making a
wrong choice, they can be sent back to questions to refresh their memory. This
process continues until the last multiple choice question is done, which increases
the users’ point score. Then the user can look for the next challenge to conquer.
Additionally, when a challenge is displayed, it is stored in the database whether
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it is overcame or not. Every mistake and the time taken to conquer the challenge
is recorded for teacher reference. Thus, the question difficulty and effectiveness
can be analyzed and adjusted.

2.3 Challenge Manager

The Challenge Manager (CM) allows teachers and domain experts to design
instructional content to be included and displayed in the GVM. The process
to design and integrate this content is very simple. The first step is to select
the domain and five main themes, since the GVM has five rooms. For each main
theme, it is possible to add as many subthemes and subsubthemes as the domain
experts need. Figure (4) shows a schematic with themes and subthemes.

Domain

| | | | 1
{ Theme 1 ] { Theme 2 ] { Theme 3 ] { Theme 4 ] { Theme 5 ]

— o

 B—
| |

{ Subtheme 1 ] { Subtheme 2 ] . { cen ] { Subtheme n ]

|_I_| ’[__I |

swtitend] [ ) [ t] Subsabhane

Fig. 4. Themes and Subthemes

The second step is to save the main theme names in the database using the
CM. As mentioned above, each main theme corresponds to one room in the
GVM. Every room has at least 10 objects on the walls. The third step is to
design the challenges for each theme and subtheme, which can be quizzes or
problems including multiple choice questions. The choices can be text or images.
Challenges can be done using a simple text editor or a word processor. Figure
(5) shows the structure of a challenge.

The fourth step is to add the challenges in the GVM using the CM. Since
it has been designed to be used for non programmers, it is very easy to add
instructional content into the GVM. It is necessary to choose one of the main
themes saved in the second step, then the CM selects only the objects in that
room. The domain experts can move through the objects and select one to link
a challenge. Once an object is selected, it is possible to add a challenge to be
displayed in the GVM.

Figure (6) shows a screenshot of the CM that is divided into three main
vertical sections. The left section allows the domain expert to add five main
themes and their subthemes. This allows them to select an object in the GVM
in order to attach a challenge. The middle section permits the addition of a main
statement of the challenge, a 2D image or figure associated to the challenge, a
recommendation and points. It also permits the ability to update and delete
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Statement _M
Image (optional)
Choice 1

Step 1 ——1

il

Challenge

Fig. 5. General structure of a challenge

a challenge or to move through the challenges linked to the object. In order
to delete a challenge from the database and GVM, it must not have any steps
associated. The right section allows the addition of challenge steps (multiple
choice questions) and a recommendation can be added if necessary. Choices can
be text or images and for each challenge any number of steps can be added. It is
recommended not to add too many steps since it can be tedious for the students.
It is also possible to update and delete steps. The CM was developed using the
programming language C# and SQL Server Compact Edition was used as the
database manager.

2.4 Challenge Requirements

The design of challenges for the GVM has some requirements and limitations, for
example, with the multiple choice questions, the first choice must be the correct
answer. It makes it easier for teachers and domain experts to validate and review
the correct answers and since choices in the GVM appear in a random order,
students will not know the correct answer beforehand. The maximum number of
words for a challenge statement is 40 or the maximum number of characters is
200. The maximum number of words for a step statement is 30 or the maximum
number of characters is 125. The maximum number of characters for a text choice
is 15. These text length restrictions allow the GVM to display text clearly in the
scenery otherwise the text will be unreadable. The proportion between width
and height or height and width of an image in the GVM should be 1.33 for
aesthetic purposes.
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Fig. 6. Challenge Manager.

3 Examples

A possible challenge to be included in the GVM is the following: compute the
volume of the building (Figure 7). Keep in mind that the side of each square is
5 meters.

Fig. 7. Building

1. The formula to compute the volume of a quadrilateral prism is
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(a) V=LxWxH (c) V=1L3
(b) V=LxW (d) V=WxH

TIP: Remember, the volume of a quadrilateral prism is the area of the base
x the height.
2. The area of the base is

(a) 225m? (b) 125m? (c) 325m? (d) 225m3
3. The height of the building is

(a) 25m (b) 15m (c) 25m? (d) 45m
4. The area of the base multiplied by the height is denoted by

(a) 225 x 25 (b) 225 x 15 (c) 225 x 35 (d) 215 x 25

5. Solving the problem, the volume of the building is
(a) 5625m?> (b) 5625m? (c) 5625m* (d) 5625m

The above example is very simple and guides the student step by step through
the process of solving the challenge, but more complex challenges can be de-
signed. Additionally, different approaches can be used, for example, the problem
solving Polya’s method, question-led learning, action learning, learning by mis-
takes and others. The next example shows a challenge designed for non English
speakers that can be included in the MVG

Challenge: Respond to the following questions about Chichén Itz4, which is
one of the principal archeological sites on the Yucatan peninsula.

1. This is a photo of a
(a) pyramid (b) house (¢) monument
2. The base is a
(a) square (b) circle (c) triangle (d) rectangle

3. How many sides does the pyramid have?
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(a) four (b) three (c) forty
4. What is in the sky?

(a) clouds (b) rain (¢) snow

4 Conclusions and Future Work

This paper describes an authoring tool that is designed to be non-technical and
uses a familiar interface that increases usability. The tool is designed to provide
assistance to teachers and students in putting together simple courseware. It
displays content in a dynamic 3D learning environment where students can learn
the content and get feedback immediately. Furthermore, domain experts can use
multiple teaching strategies to develop courseware and the drill-and-practice is
an approach that can be easily integrated in a courseware using this tool.

In the future we intend to add artificial intelligence to the GVM in order
to increase flexibility and the speed in adjusting the exercises according to the
users’ responses and skills. By adjusting the level of difficulty and preventing the
use of questions that are either too difficult or too easy, user interest will increase
by avoiding boredom. Further work to the system will allow the reproduction
of video and audio recommendation and will make the 3D learning environment
work in network in order to allow many users surf at the same time.
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Abstract. In this paper we propose the architecture of an Intelligent Tutoring
System that considers the student's learning style and the competency-based ed-
ucation. We also describe the processes that have been implemented so far. Our
architecture presents innovations in the representation of the tutor module and
in the knowledge module; the tutor module incorporates a selector agent, which
will choose the content to show, considering the teaching strategies that support
the student's learning style.

Keywords: Intelligent Tutoring System, learning style, teaching strategies.

1 Introduction

The idea of applying IT tools to teaching goes back to the 50’s, but it wasn’t until the
80’s when computer-assisted teaching regained a special interest due to the techniques
of Artificial Intelligence. At that time, the systems called Intelligent Tutoring Systems
(ITS) arose, with the aim of developing the processes of education adapted to the
different users/students [1].

An Intelligent Tutoring System (ITS) provides learning and / or customized train-
ing to students [2]. The personalized training is an argument on behalf of these sys-
tems and it is supported by the analysis realized by Bloom [3]. This analysis discusses
the importance of adapting education to each student, confirming the individualized
instruction as the most effective way of learning.

In general, an ITS is composed by three modules: the student module, the
knowledge module and the tutor module [4]. Nowadays ITS are called Learning Man-
agement Systems (LMS) [5]. In our project, the LMS Moodle will be used.
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The purposes of this paper are: a) to present the integration of an intelligent agent
in the tutor module of a LMS, b) to describe the implementation of modules that have
been developed.

This paper is structured as follows: section 2 describes the concepts related to intel-
ligent tutoring systems. Section 3 deals with issues of learning styles and teaching
strategies. Section 4 presents the proposed architecture. Section 5 describes the pro-
cesses implemented and section 6 presents conclusions and future work.

2 Intelligent Tutoring Systems

Guardia (1993) cited by Salgueiro [6], presents a definition for the intelligent tutors:
"An ITS is a system of computer-assisted instruction, which uses Artificial Intelligence
techniques, mainly for representing knowledge and drives a teaching strategy; and it
is able of behaving like an expert, both in the knowledge domain that it teaches
(showing the student how to apply that knowledge), as in the pedagogic domain,
where it is able of diagnosing the situation in which the student is and offer a solution
that allows him/her progress in the learning”.

Within the literature reviewed, we found that areas like Mathematics, Physics and
Programming, had implemented the basic architecture of an Intelligent Tutoring Sys-
tem. Among the related works we can cite Butz [7], Conati [8], Graesser [9] and
Melis [10].

According to Butz [7], the basic architecture of an ITS is composed by a student
module, a knowledge module and a tutor module which is also called teaching strate-
gies module. These modules operate interactively and communicate through a central
module, which it is often called user interface. This architecture is shown in Figure 1.
Its modules are described below.

Data about the student
y Student's knowledge
Student estimated
Model Y Tailored
Teaching instructions User M.
Strategies Interface
Knowledge A
Domain | ——

Fig. 1. Basic architecture of an ITS [7].

The student module aims to perform the student's cognitive diagnosis and the stu-
dent’s representation for future system feedback. Cataldi [11] proposes to incorporate
learning styles in the ITS. According to her, the student module is composed by the
following components:
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— A database with learning styles available in the system.

— A map of the knowledge obtained initially from the domain module, which will be
modified by the update of knowledge, based on the assessments made by the tutor
module.

The knowledge module aims to store the dependent and independent knowledge of
the scope. Basically, this module is composed by [11]:

— Knowledge: 1t refers to the content that must be loaded into the system, through the
concepts, questions, exercises, problems and their relationships.

— Didactic elements: they are multimedia material, i.e., images, videos and sounds
that help the student obtain knowledge during the teaching session.

The tutor module defines and implements a pedagogical teaching strategy, contains
the objectives to be achieved and the plans to achieve them. This module selects the
exercises, monitors the performance, provides assistance and selects the learning ma-
terial for the student. It consists of the following sub-modules [11]:

— Lesson Planner that organizes the lessons’ contents.
— Profile analyzer, which analyzes the characteristics of students, selecting the most
appropriate pedagogical-teaching strategy.

The user interface specifies and provides support to the students’ activities and to
the methods used to perform these activities. The interface should be easy to use and
attractive. Thus, the students quickly learn how to use it, and they can focus all their
attention on the process of learning the subject [12].

3 Learning Styles and Teaching-Learning Strategies

In [13], the fact that each person uses their own methods or strategies to learn is called
“learning style”. Teaching strategies are procedures or resources used by the teaching
agent to promote meaningful learning [14]. Although the strategies vary depending on
what you want to learn, each person tends to develop certain preferences or global
trends that define a style of learning [13].

According to [13], the notion that each person learns differently from others, must
be considered to facilitate their learning, however, we must be careful not to "label"
people, since the learning styles, although relatively stable, change depending on the
situation and are susceptible to improvement. Moreover, Gomez [13] states that
when students are taught according to their own learning style, they learn more effec-
tively. Some of the most known and used learning styles models are:

— Felder and Silverman model.

— Kolb model.

— Neurolinguistic Programming model of Bandler and Grinder.
— Multiple Intelligences model of Gardner.

— VARK model of Neil Fleming.
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Some learning styles have been considered in the implementation of tutoring sys-
tems in order to adapt their environments of teaching toward users. For example, the
Richard Felder learning style model is considered in the systems presented by Her-
nandez [15] and Caviedes [16]. In the system proposed by Cataldi [17], in addition to
the Felder model, they also considered the Multiple Intelligences model of Howard
Gardner. Finally Aragjo [18] and Peter [19] used the VARK model of Neil Fleming.

4 Architecture Proposed for an ITS

This paper proposes to incorporate to the classic architecture of an Intelligent Tutor-
ing System, a process that selects the contents to show, influenced by the teaching
strategies that encourage the student's learning style. These teaching strategies will be
the link to select the contents of the subject. The contents should be prepared for each
one of the teaching strategies for each learning style.

Figure 2 shows the proposed architecture, in which we specified the added compo-
nents with a highlighted line. We also present a paused line that represents the rede-
signed component of the general architecture of an ITS and a dotted line that repre-
sents the components used for the Learning Management System.

Below we describe the changes made to the modules of the general architecture of
the ITS.

In the tutor module we incorporated the teaching-learning strategies considered in
the design of the themes of the subject, as well as the redefinition of teaching strate-
gies according to student's learning style. We also incorporate 2 processes to adapt the
contents to be presented: 1) that selects the topics to show to the students by linking
their learning style with teaching strategies used in the creation of the topics, thus
support their learning, and 2) a process for the diagnosis of competencies.

In the knowledge module we added a corpus that will store the competencies of the
subject and some metadata to label the contents of the subject and characterize the
competencies to develop.

In the interface module we incorporate a filter to show the contents chosen by the
selection process of the tutor module.

The proposed architecture process is shown in Figure 3. The process begins deter-
mining the student’s learning style. To achieve this, we decided to use the VARK
model of Neil Fleming [20], which uses a questionnaire to identify the student pre-
dominant style. This questionnaire will be applied once, when the student initiates the
session for the first time in the platform.

Once the student's learning style is determined and stored, the student's diagnose
process (competencies) begins. The student's diagnose process doesn’t take any action
when students enter the system for the first time, because there is still no information
to be processed.

The next step is to choose the items to be displayed by the selector agent, which
must be designed in conformity with a teaching-learning strategy according to the
student's learning style. The agent is also responsible for readjusting (increasing) the
exposure time of the subjects based on the following: a) if the subject is elaborated in
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the English language and the student doesn’t fulfill the level required to understand
the English language, and b) if the item to be displayed isn’t elaborated under any
teaching strategy to support the student's learning.
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Fig. 2. Proposed architecture.

Since the subjects have been selected and personalized, these will be shown to the
student through the Moodle platform. Once the student has revised a subject, its eval-
uation will be applied and the database that stores the student's performance will be
updated with the results obtained from the evaluation.

On the other hand, when the student’s diagnose process has historical information
of him/her, the process will take the information of the student’s performance
(elapsed time of the activity, amount of attempts and assessments) and it will evaluate
if the student gets the competency (Bayesian network), if so, the student will continue
to the next topic and the selector agent will not execute any action. Otherwise, the
selector agent will select another resource to display, elaborated with a different
teaching strategy that supports the student's learning style.
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5 Implemented Processes

The implementation of the VARK questionnaire is part of the process of the proposed
architecture, see Figure 3. This implementation will help to determine the student's
learning style. The following sections describe its development.

VARK :Student's :Selector :Subject's :Diagnosis of :Student's

questionnaire table agent table competencies  performance table néerface
T T T T T T T
| | 1 | | | |
Answer | i i | i ' i
—™ : : : : | l
Store the score | i i i | i
ofstyles | Select | : ! i |
Student T ¥ styleand ! ! ! ! |
| strategy | i i i :
| L = | = |
E : Select | Recover i
! | contents ! grades |
! ! o I e T i
| i Select ! |
| | grades | i
| | " = | |
| ! Show contents i i
: :

S 4 S|

Fig 3. Process sequences of the proposed architecture for an intelligent tutor system.

5.1 VARK Model

The VARK model was developed by Neil Fleming [20] in 1987. This model is a tool
to determine the preferences of individuals for information processing. The model
considers four different learning styles: Visual, Aural, Read / Write and Kinesthetic.

The model consists of a questionnaire with 16 questions and each one has four an-
swer options that correspond to each one of the learning styles. To answer the ques-
tionnaire, it is necessary that the student: choose the answer which best explains
his/her preference and mark the letter(s) that represents his/her choice. The student
can select more than one response to a question if one does not fit with his/her percep-
tion. The student can also leave a blank if any question isn’t applied to his/her prefer-
ences, but the student must answer at least 12 questions.

Table 1 shows some of the Neil Fleming's proposals for teaching-learning strate-
gies for each learning style.
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5.2 Implementation of the VARK Questionnaire in Moodle

The integration of the VARK questionnaire in Moodle allows us to determine the
student’s preferred learning style. The following section describes the four activities
for its implementation.

Table 1. Teaching-learning strategies for the VARK model.

Learning Style Teaching-Learning Strategies
Visual = Pictures, Videos, Posters.
Aural = Discuss topics with your teachers.

= Explain new ideas to other people.

= Use a tape recorder.
Read / Write = Dictionaries, Textbooks. Notes.

Kinesthetic = Field tours.
= Applications.
= Trial and error.

5.2.1 Configuration in Moodle of the student’s custom fields to store the ques-
tionnaire results

Moodle allows customizing fields to the student’s profile, which was used for adding
the fields: Visual, Aural, ReadWrite and Kinesthetic. These fields were used to store
the results obtained from applying the VARK questionnaire to the student. To add
these fields the following steps were done:

Step 1. Log in to the Moodle platform with an administrator's account, access the
block Administration of the site and choose the options: Users > Accounts > User
profile fields.

Step 2. Create a new custom field of text type.

Step 3. Configure the field as blocked and left empty the default value option.

This same procedure was used to add the Actual Style field, which will store the
learning style resulting from the application of the questionnaire to the student. Also,
the ActualStrategy field was added for storing the actual teaching strategy.

5.2.2. Presentation of the questionnaire to the student

Due to the fact that the VARK questionnaire must be applied and stored only once, it
was necessary to detect in Moodle's code, the point where the student’s login is vali-
dated (index.php file, located in the moodle\login folder). In this file we added a con-
sult of the custom fields values: Visual, Aural, ReadWrite and Kinesthetic. If these
values are empty this indicates that VARK questionnaire was not applied, so the web
page that contains the questionnaire will be shown. The code added to the index.php
file is:

43 Research in Computing Science 47 (2012)



Maria Lucila Morales-Rodriguez, José Apolinar Ramirez-Saldivar, Arturo Hernandez-Ramirez, et al.

if (SUSER->Visual == "" and $USER->Aural == "" and
SUSER->ReadWrite == "" and
$USER-> Kinesthetic == "")

{redirect ($CFG->httpswwwroot.'/login/p vark preguntas.php');}

Custom fields Visual, Aural, Read-Write and Kinesthetic, ActualStrategy and Ac-
tual_Style are automatically loaded for the entire student session in the global object
$USER, which gives us access to them.

When the values of the student custom fields are empty, the next line will be exe-
cuted: redirect (SCFG-> httpswwwroot. '/ Login / p vark preguntas.php'), which
redirects to the VARK questionnaire, otherwise the VARK questionnaire will not be
displayed.

5.2.3. Implementation of the questions and answers of the questionnaire

To integrate the VARK questionnaire the following files were incorporated into Moo-
dle: p_vark preguntas.php, p_vark.html and p_vark.php, which were located in the
folder moodle \ login.

The p_vark preguntas.php file incorporates as part of its code, the contents of the
p_vark.html file, which has the code to display the questions and answers of the ques-
tionnaire. Figure 4 shows the VARK questionnaire web page. The p_vark.php file is
responsible for the evaluation of the questionnaire and it stores the results of the eval-
uation in the custom fields.

) INSTITUTO TECHBLOGICO DE CIUDAD MADERD: Entrar al sitio - Hozilla Fircfox

Athivo Edter o Hidod Mercaduwes  Hemomerts  Ayuda
TINSTITUTO TECNOLDGICD DE CUDAD M. | +

€ M| bt ocahost Moode laginio_vark_preguntas ph - @) |8 Googe Pl d

INSTITUTO TECNOLOGICO DE CIUDAD MADERO Usted e ha autentificado como Denise Andrade (Salir) =

ITCM » Entrar al sitio Espefiol - Inemeional (g5) ¥
CUESTIONARIO VARK

Con este cuestionario se tiene el propésito de saber acerca de sus preferencias para trabajar con informacion. Elija las respuestas
que mejor expliquen su preferencia.

Puede seleccionar mas de una respuesta a una [ si una sola no encaja con su percepcién. Deje en blanco toda pregunta
que no se apliqué a sus preferencias.

Favor de contestar al menos 12 preguntas.

1. Esta ayudando a una persona que desea ir al aeropuerto, al centro de la ciudad o ala estacion del ferrocarril. Ud.:
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e diria como llegar.

[lle daria las indicaciones por escrito (sin un mapa).
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2.No esta seguro si una palabra se escribe como: trascendente o fracendente, Ud.:
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Fig. 4. Web page showing the VARK questionnaire.
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5.2.4. Evaluation and storage of the results of the questionnaire

The process of obtaining the results of the VARK questionnaire considers three steps,
which are detailed below:

1. To have a table of predefined answers for the model [20]. A fragment of this is
shown in Table 2.

Table 2. Fragment of the table of predefined answers.

Question Letter a Letter b Letter ¢ Letter d
1 K A R \Y%
2 \Y A R K
15 K A R \Y
16 \Y A R K

2. Identify and mark in the table the letter(s) that corresponds to the answer(s) select-
ed, for example, if the student chose the letters b and ¢ in question 1, he/she must
mark the letters A and R in the row in question 1, see Table 3.

Table 3. Identification of answers.

Question Letter a Letter b Letter ¢ Letter d
1 K A R \4

3. Summarize each of the letters V, A, R, K chosen in each question. The letter that
has obtained the major number of points will be the one that indicates the learning
style preferred by the student. In case of tie between two or more letters, a Multi-
modal learning style is considered.

The previous steps were implemented in the file p_vark.php. This file calculates
the punctuation for each letter V, A, R, K and stores the information on the custom
fields: Visual, Aural, ReadWrite and Kinesthetic. Also, it stores in the custom field,
Actual_Style, the learning style with the highest score. And finally, it is responsible
for selecting and storing in the custom field ActualStrategy one of the teaching strate-
gies associated with the current learning style.

6 Conclusions and Future Work

In this paper we propose an extension of the classical architecture of an Intelligent
Tutoring System, which incorporates a selector agent of contents. This selector agent,
in its selection process, considers the teaching strategies that support the student’s
learning style. This extension will be implemented using the Moodle LMS.
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Also we described the process of how to integrate the VARK questionnaire in

Moodle to obtain the student’s learning style.

The proposed architecture is currently in development. The VARK model imple-

mentation was the first step of the project, leaving the selector agent implementation
to display the subject content and the competency evaluation process as future work.
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Abstract. We have developed an affective behavior model for intelligent
tutoring systems that considers both the affective and knowledge state of the
student to generate tutorial actions. The affective behavior model was designed
based on teachers’ expertise obtained through a survey which 11 math teachers
participated. The study focused in knowing how teachers manage the affective
state of the students in order the students learn. During the survey, teachers
watched a video of a student interacting with an educational game with an
animated pedagogical agent. We asked them which agent’s animation and
which pedagogical actions are suitable for affect and knowledge of the student
in each student’s movement.

Keywords: Pedagogical agents, student affect, teachers’ expertise, intelligent
tutoring systems.

1 Introduction

Emotions have been recognized as an important component in motivation and
learning. There is evidence that experienced human tutors monitor and react to the
emotional state of the students in order to motivate them and to improve their learning
process [S5]. Recently there has been extensive work on modeling student emotions in
intelligent tutoring systems, see [1]; however, there have been only limited attempts
to integrate information on student affect in the tutorial decisions, e.g. [9, 2, 8]. If we
want to consider the student affective state in the tutorial actions, an important
problem is to identify the best tutorial action given both the students’ affective and
knowledge state. We conducted a survey consisting in to interview qualified teachers
aimed at understanding which actions the teachers select according to the state of a
student’s affect and knowledge. The results are being used to develop an affective
behavior model that considers both the affective and knowledge state of the student to
generate tutorial actions. In this paper we describe the survey and our findings.
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2 The Prime Climb Educational Game

To conduct the survey we use Prime Climb, an educational game to learn number
factorization; t his game includes a pedagogical agent with a model of student’s
knowledge [6]. In Prime Climb, two players have to climb mountains in a
collaborative way. Each mountain is composed by hexagons labeled with numbers.
Players have to move to a number that does not have common factors with the
partner’s number, if not they fall off the mountain. To give adequate instruction,
Prime Climb relies on a Bayesian pedagogical student model. The student model
assesses the evolution of a student’s factorization knowledge during interaction with
the game. The pedagogical student model is used by an animated agent to deliver
hints when it has evidence that the student is not learning from the game. The
animated pedagogical agent is implemented through the Merlin character of Microsoft
agent [7].

3 The Affective Model

Once the affective student state has been obtained, the tutor has to respond
accordingly. The tutor needs an affective model which establishes parameters that
enable a mapping from the affective and pedagogical student state to tutorial actions.
The tutorial actions are composed by a pedagogical action and an affective action.
The affective action tries to promote a positive affective student state and the
pedagogical action to convey knowledge the student needs to know.

We consider as affective actions the way in which the pedagogical content is
delivered to the student; e.g., the words, the facial expression, colors or sound
included in the message. In the work presented here, an affective action is an
animation of a pedagogical agent who delivers the pedagogical actions to students. In
this way, the tutorial action is composed by an affective action and a pedagogical
action.

Our main hypothesis is that the tutor action has a direct influence on learning and
on the affective state of the student; and by selecting the appropriate tutorial action
(i.e. according to the current student state), the tutor could improve the learning
process and the affective state of the students. Given this hypothesis, we want to help
students to learn and at the same time to foster a positive affective state.

4 The Teachers Survey

We conducted a survey with skilled teachers to validate our assumptions and refine
our model. We wanted to know which actions the teachers do according with the
affective and pedagogical student state and why they select those actions. Eleven
math teachers participated in the survey, they have taught by 17.63 years in average
from high school to post grade. These teachers have been trained in several teaching
methodologies.
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The survey consisted in to have teachers watching a video of a student interacting
with Prime Climb and to ask them to say which affective and pedagogical actions and
why they shall do in order to help student to learn.

The survey consisted in 1) we explained the teachers the aim of this study, and our
main motivations, and hypothesis; 2) the teachers interacted freely with Prime Climb
to familiarize themselves with the game; 3) teachers were shown the Microsoft agent
animations, and were asked to say which animations they considered suitable to
provide affective tutorial feedback as affective action in Prime Climb; 4) The teachers
viewed a video of the interaction of one student with Prime Climb and were asked to
say which affective and pedagogical actions they shall do according to specific
student states and tutorial situations; 5) Teachers answered three general questions
about the relationship between affect and teaching. Each complete teacher’s session
lasted 90 minutes approximately.

Firstly, we explain teachers the context of the survey, we explained what “affective
action” is our work, and we want to use the Merlin’s animations as affective action
trying to promote a positive affective state. We explain that the affective action in
conjunction with a pedagogical action compose a tutorial action to be delivered to
students. Then, the teachers interacted with Prime Climb as much time as they wanted
to familiarize with the environment and to see different situations could present in a
student interaction.

After that, teachers were shown the Microsoft Agent animations with the character
Merlin (Microsoft Agent Merlin Character is a copyrighted work of Microsoft
Corporation), and were asked to say which animations they considered suitable to
provide affective tutorial feedback in Prime Climb. The character Merlin supports 73
animations some examples are listed in the table 1.

Table 1. Examples of the character Merlin of Microsoft Agent. It is listed the name of the
animation and adescription of what the agent do when the animation is played.

Merlin’s Animation Animation Description

Decline Raises hands and shakes head
DontRecognize Holds hand to ear

Process Stirs caldron

Read Opens book, reads and looks up
Search Looks into crystal ball

Suggest Displays lightbulb

Sad Sad expression

Think Looks up with hand on chin
Wave Waves

The aim of this phase is teachers could see the potential of the animated agent and
they could select the animations they wanted to use in the survey next phase, but if
they wanted they could have available the complete animations. Two professors
wanted to have all the animations available they said they did not know the situations
they will find and they could discard any animation.

The teachers selected the animations that they deemed to be generally appropriate
to convey affective elements via a program; in Fig. 1 we show a screenshot of the
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program used in this phase; they could select any animation they want the animated
agent perform as many times as they wanted.

s merlin.acs - Microsoft Agent Character, Previewer EHE
| Fle Help
Animaciones de Merlin
| Acknowledge A Flaproduci |
i Alert
Announce
| Blink, Deterer
Canfused
Agregar
Decl
sl 8
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¥ Reproducir zonidos » efectos g
_& [ Detener antes de la siquiente animacidn Guardar
Expresiones veibales
_ﬁ v Desplegar expresion en una llamada
Jv Esconder lamada
Jv Efecto maguina de escribir
v Ajustar tamafio al texto
| Pasicidn
0| % [rom v [i14 Mover

Fig. 1. Screenshot of the program used to see the character and animations of Microsoft Agent
(Mostly in Spanish). In the combo list on the left they can select the animations to be play by
the character, and when they found an interesting animation they can select it to add it to the
combo list on the right. The agent is playing “congratulate” animation.

Subsequently, the teachers viewed a video of the interaction of one student with
Prime Climb. The interaction lasted approximately five minutes, during this time the
student climbed three mountains (levels). This specific video was selected because it
showed a variety of tutorial situations based on a mix of student’s correct and
incorrect behaviors. While it would have been more principled to show the teachers
interactions of several different students with Prime Climb, this was not possible
because of constraints on the teachers’ availability. Fig. 2 shows a screenshot of the
program use in this phase of the study.

Teachers were provided with facilities to stop and replay the video as many times
as they wanted. After each student’s move, they were asked to rate the student’s
affective state and to establish the pedagogical and affective components of the
tutorial action that they considered adequate at that particular point. We also asked
teachers to say how they thought the selected action improved the student’s affect and
knowledge. An example teacher’s report is presented in Fig. 3.

This phase of the study is very important because it provides information about
how the teachers choose their actions considering the affective and the knowledge
states of the students; we assume that teachers selected actions that they believed
would improve a student’s affective state and knowledge.

Research in Computing Science 47 (2012) 52



Survey on Understanding the Tutorial Actions based on Students' Affect

&= Replaying - Prime Climb [ =13
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Fig. 2. Interface of the program for the teachers’ survey (in Spanish). Left: Video of a student
interacting with Prime Climb. Right and bottom: options for the teachers. The teachers were
asked to establish the affective and pedagogical action to be presented to students taking into
account the affective and knowledge state, according to student performance in the video.

Pride/Shame 75/25
Affective state: | Admiration/Reproach 70/30

Joy/Distress 73/27
Knowledge state: Student knows the numbers factorization

Pedagogical action

Right, these numbers do not share factors

Affective action

Congratulate 2

Pedagogical action explanation

Student made a correct click

Affective action explanation

Student is having success

Comments

I try to motivate the student

Fig. 3. Example of a teacher’s report from the second phase of the teachers survey. The
teachers said what they should do and why according to the student state.

We also want to know more about the relationship between affect and teaching;
therefore at the end we asked teachers the next three questions: 1) Do you take into
account the students’ current knowledge and affective state when you are teaching?
Why? 2) Which is more important for you, knowledge or affect? Why? and 3) Can
you group your actions into some categories?

5 Results

From the complete group of animations some of them were not used because those
animations compose an animation loop, for example, “read” and “continue reading”,
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therefore we had 58 animations to evaluate. In this phase we obtain 53 animations
was selected at least once, 46 animations was selected at least twice, and 17
animations was selected more than five time. In the Table 2, we present the
animations selected more than 5 times.

Table 2. Animations selected by the teachers. It is listed the animations selected more than 5
times (only five animations was not selected by the teachers).

Animation Times it was selected
Confused
Congratulate 2
GetAttention
Hide

Read

Decline

Suggest
Announce
Congratulate
MoveDown
MoveLeft
MoveRight
MoveUp
Pleased
Process
Search
Show

[=) W= Ui e) S N NN e e e e N e clae Cle S Ne e

Considering the previous, we believed Merlin is a character with the suitable
expressivity to present the tutorial actions and it can be used in an educational
environment, since more that 90% of its animations deemed suitable to the teachers.

In the next phase, the teachers mapped student states to affective actions. Based on
the teachers’ responses, we selected 14 of the 58 animations as those most potentially
effective as affective components of Merlin’s interventions. These 14 actions are
listed in Table 3.

Finally, we asked teachers the next three questions: 1) Do you take into account the
students’ current knowledge and affective state when you are teaching? Why? 2)
Which is more important for you, knowledge or affect? Why? and 3) Can you group
together your actions into some categories?. The answers to these questions are
presented in Table 4.

In the third question, we asked teachers to try to categorize their actions into some
categories. The answers to this question were general and open, therefore it was
difficult to obtain a teachers’ actions classification; however, all the participating
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teachers stated the aim of their actions is to motivate students, and the last aim is
student learning. Some the categories mentioned by the teachers are in Table 5.

Table 3. Merlin’s animations selected as affective action in a tutorial action.

Affective action

Animation Description

Al-Acknowledge
A2-Announce
A3-Congratulate
A4-Congratulate2
A5-DoMagicl
A6-DoMagic2
A7-Greet
A8-Hide
A9-Pleased
Al0-Alert
Al1-Confused
A12-Explain
A13-GetAttention
Al4-Surprised

Nods head

Raises trumpet and plays
Displays trophy

Applauds

Raises magic wand

Lowers wand, clouds appear
Bows

Disappears under cap
Smiles and holds hands
Straightens and raises eyebrows
Scratches head

Extends arms to side

Leans forward and knocks

Looks surprised

Table 4. Answers to questions: Do you take into account the students’ current knowledge and
affective state when you are teaching? Which is more important for you, knowledge or affect?

Description

Times/%

Teachers who take into account only the students’ knowledge

Teachers who take into account only the students’ affect

Teachers who take into account both the students’ knowledge and affect
Teachers who think the students’ knowledge is more important
Teachers who think the students’ affect is more important

Teachers who think both states are important in the same way

111 ( 9%)
111 ( 9%)
9/11 (82%)
4/11 (36%)
4/11 (36%)
3/11 (27%)

Table 5. Answers to question: Can you group together your actions into some categories?

Categories

Positive feedback
Negative feedback

Reward
Reprimand
Motivation

Get attention
Relax situation
Harder exercises
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We used the teachers’ reports to establish the probabilities describing the impact of
the various affective and pedagogical components of an action on knowledge and
affect, given the current student’s state and outcome of student’s action. These are the
probabilities used by a dynamic decision network in the affective model to calculate
the expected utility of actions. For example, when a student made a successful move
but seemed not to know the numbers factorization, teachers often selected the verbal
hint “You're right again! But do you know why? Here's an example”, where the
example is an explanation about the factorization of the relevant numbers. Thus, the
CPTs describing the factorization knowledge of the numbers involved in a student’s
correct move at next time are set so that, if the knowledge is predicted to be low at
current time.

6 Conclusions and Future Work

We present a survey we conducted to know what teachers to according with affect
and knowledge of student in order students learn, we presented the results. We
believed the results are encouraging because they show what teachers do when they
are teaching, we need more data to have stronger findings. We use the results to build
a model and conducted a user study to evaluate the affective behavior model, showing
that for younger students there is positive impact on learning [3, 4]. We want to
conduct another study, having more students interacting with the model, and in this
way to complete the integration of the affective model with an educational
environment.

Acknowledgments. We would like to thank Cristina Conati for many useful
discussions on the definition of the affective model. This research was supported by
the Instituto de Investigaciones Eléctricas, Mexico.
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Abstract.The article discusses the need for a methodology to support the
development of learning management systems. The Web browser has been the
traditional way to access such system but emerging technologies presents new
challenges. The problem is not just on the technology to support the learning
process but also the lack of design knowledge to assist teachers to create
content taking into account both the heterogeneity of the learning content and
students. These issues are discussed and a proposal is presented to address
them.

Keywords: Learning process, workflow systems, multicultural learning objects,
e-Learning, model-based development, user interface.

1 Introduction

The design of a teaching-learning process is a task that all professional education
must be taken when planning to develop an activity teacher training: course, seminar,
etc.

The learning process links users to domain-specific information sources in
collaboration spaces designed for knowledge transfer and knowledge generation.
Becoming efficient and stimulating for better and effective learning process using
available technology requires a strategy to follow. The strategy must consider at least:
design of learning content, design of different ways to present content (textual,
graphical or mixed) considering different devices (PDA, mobile phones, laptop), and
defining collaboration during learning process.

In the design of a learning process, a problem is to correctly identify the context
(student, environment, technology available). As depending on this, the teaching
strategy, resources, content, and evaluation criteria, are selected. Once content is
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created, it must be advertise to those stakeholders involved, such as: teachers,
students, managers, etc. [1].

Learning processes are viewed as a workflow (depiction of tasks during which
documents or information is passed for one participant to another according to a set of
rules) that is recursively decomposed into tasks, that could be associated to a learning
object (LO).

The term e-Learning has been introduced to denote learning with the aid of
information and communication technology tools [2]. e-Learning still suffers from
several usage difficulties, both objective and subjective, such as: the long tradition of
classroom education, possible negative experiences with first generation products, a
background of badly organized self-teaching attempts, the lack of the typical
interaction and emotional relationships that can be obtained with a frontal lesson. The
organized problem represents one of the main reasons of on-line courses drop-out.

Recently there are a growing number of researches [3, 4] that put emotions at the
centre in the process of teaching-learning. These studies reveal the importance of the
learner’s emotional states and, in particular, the relationship between emotions and
effective learning [4]. However, the influence of emotions in learning processes is not
considered in this work.

The obejctive of this work is to define the requierements and to design a possible
solution to the aformentioned issues. The organization of this paper is as follows:
Section 2 presents a brief background, Section 3 presents our methodology to support
learning processes and multicultural learning objects support. Finally, the paper is
wrapped up by summarizing our work, deriving conclusions and addressing future
trends.

2 Related Work

There is a plethora of computer-assisted e-Learning Management Systems with
common elements, such as: tools for creating course material, assessment as well as
collaborative tools (forums, emails and chats). These tools achieve the main goal of a
system which is to deliver learning content during and after the lecture, i.e.
synchronous and asynchronous learning modes.

User Interface Development Methods for e-Learning Environments are scarce, we
are not aware of others than [6-9]. In general, a method for designing and developing
a learning management system uses a formal specification technique to model the
evolution of learning process. In the literature, some methods have been reported and
are summarized in Table 1.

The characteristics of the comparison are those that we identified as challanges for
a novel e-Learning system, including the design knowledge that is found on formal
methods, framework, adaptation or personalization to the user, support to render the
User Interface on multiple devices, means to trace learning objectives.
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3 Challenges to Create a Methodology to Support Learning
Process Definition

Our target is to ensure the transfer of a collaborative learning environment where the
user interface (UI) is multi-platform (PC, laptop, and mobile devices) and adaptable
to multiple contexts of use (user, device, environment). And in such context facilitate
the user (teacher and students primary) the exchange of information more naturally
through a UI conceived systematically using this approach.

Table 1. Comparison of collaborative learning environment design methods (Source [6]).

Criteria/Work (Jonassenetal) (McDonald etal.) (Germdnetal) (Gonzalezetal.)
[7] (8] [9] [6]

i(zr;ﬁ?clljgemﬁcatlon Activity theory ‘?}:{;’rlrfiﬁ/toufkl State machine Workflow
Framework NonA C-Flow Cated Ecool
Personalization + + - S+
Mulnple User _ " B s
interface.

Traceability of

collaborative — - + 44
learning

(++ fully supported, + supported, - partially supported, -- not supported)

We argue that creating learning content is an activity that would benefit from the
application of a development methodology [10] which is typically composed of:

— A set of models defined according to an ontology. The term "ontology" generates
some controversy. It has its history in philosophy, where it refers to the subject of
existence. It is also often confused with epistemology, which is about knowledge
and knowing. In the context of this research is assumed a set of descriptions of the
concepts and relationships within a field of knowledge (learning process).

— A language that expresses these models. In order to specify different aspects and
related models, a specification language is needed for allowing designers and
developers to exchange, communicate, and share fragments of specifications and
that enables the tools to operate on these specifications. These models are
uniformly and univocally expressed according to a single Specification Language.
A User Interface Description Language (UIDL) is needed and its selection could be
based on [11]. A genuine UIDL must be strongly defined based on a trilogy
(semantics, syntax, stylistics) [6]. Offering a XML language does not necessarily
assures to rely in this trilogy [10].

— Principle-based method manipulating these models based on guidelines. The goal
is not to come up with yet another Software Development Method but to reuse
existing work and structure it accordingly. The result is a method that structures the
development life cycle of learning content in a principle-based way. The method
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should promote an exploratory approach having as goal to show a variety of
possibilities to encourage design.

— Tools: A suite of software engineering tools that supports the designer and the

developer during the development life cycle according to the method. The set of
software tools required to support the development of learning content includes:

— Model editors to assist a designer in constructing the models. These tools
consist in syntax editors, form based tools, or visual builders. Some model
editors maintain a textual specification consistent with a graphical
representation.

—  Design critics provide a designer with quality assessment facilities. Models
capturing explicit properties of the artefact are an ideal representation to
perform evaluation.

— Implementation tools translate a specification into a representation that can
be used by a compiler, an interpreter or an interface builder.

—  Transformation tools provide support to the designer to edit, store, and exe-
cute model transformation rules.

Building the application using the right tools is a trade-off between six main

criteria [12]:

1.

W

Part of the application built using the tool. Some tools only support building the
presentation part of the application; others also help with low-level interaction, and
some support general programming mechanism usable in other parts of the
application as well.

. Learning time. The learning time of the tools varies.
. Building time. The time required to build a Ul using the tool varies.
. Methodology imposed or advised. Some tools strongly impose a methodology for

building the application, such as building the visual part first and connecting it into
the reminder of the application afterwards, whereas other tools are more flexible.

. Communication with other subsystems. Applications frequently use databases, files

located on the Web, or other resources that, when supported by the building tool,
simplify the development.

. Extensibility and modularity. Applications evolve, and the new applications may

want to reuse parts of existing applications. Supporting the evolution and the reuse
of software remains a challenge. Level-4 tools and application frameworks,
including Model-Driven Architecture (MDA), inherently promote good software
organization, but the others usually lead to poor extensibility and modularity.

The proposed system (depicted in Fig. 1) is composed of several subsystems

interconnected together to form an entire collaborative learning environment with
social networks. These subsystems will allow on one hand focusing the content and
online courses; and on the other hand, students may also use these environments to
collaborate with other students in online communities and have advice from teachers
college. The following subsections describe more details about the different layers of
the methodology.
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3.1 Supporting Multicultural Learning Objects

A learning object (LO) is defined as a self-standing, reusable, discrete piece of
content broken down into smaller chunks that can be reused in any environment in
order to meet an instructional objective. The way LOs are conveyed includes: Web
pages, PDF documents, video and/or audio content, animations, and virtual reality to
mention a few. LOs have been developed to support virtual learning using
technology and pedagogical support. These products can be used under any condition
or circumstance where the training or the distribution of the knowledge is required:
classroom lessons, staff training in the industry, self-learning process, among others.
Adding the multicultural characteristic going beyond regions is a real challenge. For
this purpose a LO model is needed. The structure of a LO is specified with: a name, a
context, authors name, date, brief description, participants involved, pre and post
conditions, and normal and/or alternative learning process flows. The LO model could
be a simplified version of SCORM standard. A LO can be part or be composed of
other LOs. Also, it can be associated to exercises and/or assessments. The LO is part
of a task and will be used in a task, this information is relevant when further we
explain how a LO is mapped to a Ul from a task model.

ML Omtalogy
[LhiaaL)

Course Ontokogy
[ UkAAL |

ek
Gegidelingd ba ercans MLD ot i

Social K twerks Acquing

Guiselisss 10 Creatl CourstE

W for course Multi
Conten Adaptatan
[ ]

Fig. 1. Methodology to support the learning process definition.

To create the knowledge base related to the Multicultural Learning Objects (MLO)
in a formal expression is necessary to make trades to support operations such as
extraction of knowledge or recommendations for use, among others. After this, it is
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necessary to establish a method that indicates the steps to be followed for the creation
of MLO.

Including guidelines to support the method is desirable for the systematic
creation of MLO. These guidelines will be based on existing knowledge related to
the creation of MLO. Determine the level of automation of the guidelines and
application will use the software tool developed for the creation of MLO. This
activity focuses on the definition and establishment of methodological guidelines for
the creation of MLO. Then, each guideline is classified according to the automation
criteria (can be automated or not, or can be partially automated). As the ultimate goal
is to automate this method in a software tool, guidelines that cannot be automated at
all are useless.

A software tool is desirable for the faster and reusable creation of MLO. It aims to
create a Content Management Systems (CMS) for creating MLO. A content manager
is a software tool for creating online content simply and massive. This tool will
support the proposed method and its use to allow many users to create MLO. One of
the requirements for a CMS for MLO creation is the integration of multimedia, such
as: audio, video, power point presentation, documents. With the introduction of cloud
computing and the use of social networks, such as: slideshare (slides), Wikipedia (free
encyclopedia), YouTube (videos), Picasa (photos), among other, to share content, we
can avoid storing multimedia in the LO’s repositories. The integration of access to
social networks is essential to give versatility to the CMS. Each time you create a
MLO, the CMS guides the user with an assistant, and the wizard must go step by step
guiding the creation of MLO, relying of the automated guidelines. Special care needs
the UI for this MLO-CMS preserving ergonomics, guidelines, heuristics and usability
principle. The editor will safeguard, update, edit, access, search, and display settings
under different criteria and the MLO repository.

3.2 Supporting Learning Process Definition

A number of online services assist the task of structuring academic courses, relevant
and adaptable [13] to the context of students, including learning styles
recognition [14]. However, integrating those efforts and to connect them to MLO is
more than just a technological problem. A Learning Management Systems (LMS)
must consider not just the content adaptation and student learning styles
identification, but also to provide teachers means to create content accurately. Most
related work assumes that learning content is already there but do not assist the
teacher who normally is not an education expert.

For this reason, a mechanism to assist teachers for creating a course is our first
requirement for a learning process definition software tool. The software tool should
have a CMS for courses. This activity focuses on the development of software tool
that serves as content manager for the creation of courses, a module in a learning
management systems platform. This tool benefits from the MLO module as it uses
material available in the MLO format. The main features for such system are: a)
integrating pedagogical recommendations to create a system of guidelines for the
creation of courses; b) identify multicultural issues in education; c) identify different
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forms of education (classroom, mixed, distance); d) integrate this information in the
specification of a learning process; e) integrating intelligent management of
information in the learning process; f) integrate MLO information.

As automatic integration of guidelines to use the tool for defining courses content,
assistive interaction is needed (wizard, intelligent agent) to guide teachers in this
activity. Education experts are needed to define methodological guidelines for the
creation of courses. These guidelines should include multicultural aspects in
education, different education and different learning paths.

The manager must have a content editor for courses. A learning process can be
described as a workflow model [15] that is composed of tasks, resources and places
where education takes place. The workflow model is recursively decomposed into
learning processes which are in turn decomposed into tasks. Now, as there are many
different learning types and approaches to learn, this is believed to occur as a
progressive series of tasks, i.e. a workflow. So, a workflow model can be used to plan
and to design the process of all aspects of learning. There is a teaching process for the
trainers, a learning process for the learners, an organizational workflow for all
participants, and a management workflow. All these components interact with each
other to form an overall learning workflow. A graphical representation (Fig. 2) of a
learning process uses a Petri Net [16] for the specification of processes, big rectangles
denoting the rooms where the teaching activity takes place, and roles (students and
professors).

LISIXML

> (==
=

=

Studentsand
Professors

Fig. 2. Learning process editor.

It is vital that the editor considers computer human interface usability. Ergonomic
guidelines should be taken into account in the development of this editor; its good
design will allow easy use. The editor will safeguard, update, edit, access, search, and
display settings under different criteria and the courses. The IU "friendly" is vital and
as such must be designed carefully since it depends on the successful use of the
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manager. As each rectangle in a Petri net denotes a high level activity or task, more
details are needed to describe how those activities are required, in which order they
must be executed, thus a task model. There are several notations for task modeling but
CTT [17] is a good option because isan expressive and flexible notation able to
represent concurrent and interactive activities, also with the possibility to support
cooperations among multiple users and possible interruptions. A second reason, task
modeling has been used to generate multi-context U, as it is explained in the next
subsection.

This method should also consider elements such as academic monitoring,
assessments (for instance using the method of assessment adaptation proposed
in [18]), practices and exercises, and other traditional elements considered in a course.
The systematic creation of courses based on a method will allow having more quality
content. Furthermore, the method will provide the basis to create a tool to automate
and thus to create content as a whole.

One important aspect is to consider the other side of the problem, i.e., to consider
the student perspective. Showing progression in learning paths progress has been
reported [6] as a way to improve users’ awareness of its progress; however they fail to
motivate him into achieving its goal. How to keep students attach to their learning
activities? One idea is to use the famous metaphor created by the site LinkedIn of
small progress with great results (your CV online). Seducing the student with the Ul
is more than rather than the technology itself. Seductive interaction [19] is a way to
keep users attached to the system and performing their goals (Fig. 3).

Learning Unit Completeness

( | 80%

@ Completing another homework will
bring you to 100%

Fig. 3. Learning Progress metaphor inspired from LinkedIn (www.linkedin.com).

3.3  Multi-Context User Interfaces Rendering

Considering that learning process is a description of the foreseen interaction among
the following actors: instructors, learners and the system, it captures the context in
which the learning process occurs, the process and associated data, and the order of
tasks execution; our proposition starts by defining it in a formal definition using a
learning process, i.e., a set of tasks. In this step we can indicate the resources
involved, the rooms where they work, how and in which order tasks will be executed
(using task model [17]); after, MLOs which are associated and stored in a repository,
this could be done using the recommended methodology described above or by
relying on existing work, for instance MACOBA [20].
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Even that the platform of choice for most of the learning environments is the Web
browser [21]. A learning portal should seek not only to reuse the tools available on
the Web, also will seek to adapt the system to follow the principles of multi-context
adaptation of user interfaces (users, environment and platform). Model-Based
Development of User Interfaces has been widely reported in the literature [17], [22],
[10], to address this problem. The Cameleon Reference Framework [22], the de facto
standard, in a simplified description, structures four development steps: 1) Task &
Concepts (T&C): describe the various user’s tasks to be carried out and the domain-
oriented concepts as they are required by these tasks to be performed. 2) Abstract Ul
(AUI): defines abstract containers and individual components, two forms of Abstract
Interaction Objects by grouping subtasks according to various criteria, a navigation
scheme between the containers and selects abstract individual component for each
concept so that they are independent of any modality.

An AUI is considered as an abstraction of a Concrete User Interface with respect to
interaction modality. At this level, the UI mainly consists of input/output definitions,
along with actions that need to be performed on this information. 3) Concrete Ul
(CUI): concretizes an abstract Ul for a given context of use into Concrete Interaction
Objects (CIOs) so as to define widgets layout and interface navigation. It abstracts a
final Ul into a Ul definition that is independent of any computing platform. Although
a CUI makes explicit the Look & Feel of a final Ul, it is still a mock-up that runs only
within a particular environment. A CUI can also be considered as a reification of an
AUI at the upper level and an abstraction of the final Ul with respect to the platform.
4) Final UI (FUI): is the operational Ul, i.e. any UI running on a particular computing
platform either by interpretation or by execution.

The user interface design processes starts with a task model that is processed
through an incremental approach to the final Ul (Fig. 4 shows the four levels that are
involved in the design of a Ul using the Cameleon Framework).

From a task model specification it is possible to derive as many Uls as devices
have been specified in the framework, for instance UsiXML is capable of rendering
learning content on Mobile devices and a Smartphone, as it covers the multi device
and multiplatform support. For the complete definition of the method, the reader
should refer to [10].

Models are everywhere and are needed to support the Model-Based Development
of User Interfaces for learning management system. Even more there is another
advantage adopting this approach that is the automatic evaluation and assistance, a
key added value if we want to keep the users satisfied.

As reported in [23] the traditional shortcomings of automatic evaluation of Ul are
addressed by relaying on working with models. The common major shortcoming of
any evaluation tool is that the evaluation logic is hard coded in the evaluation
engine [23]; for example, two leaders of the web evaluation market, Bobby and A-
Prompt only provide the choice of the guidelines set to evaluate: W3C or Section 508,
which makes them very inflexible for any modification of the evaluation logic or any
introduction of new guidelines. The global process for automatic evaluation of the
Model-based approach is depicted in Fig. 5. The “Knowledge Base” contains a
formalization of rules for good ergonomics and accessibility. This knowledge base is
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a collection from ergonomic guidelines, for instance, structures or various
recommendations that are encoded in a formal format, using the UsiXML language.

Capture Scenario ___

Specification of Learning Process

LO repository

Fig. 4. A Method to generate User Interfaces for a Learning Management System
(Source: [23]).

The knowledge base is used by the “Formal rules compiler” to load and parse the
rules. Once this internal structure is created the tool performs a data analysis of the
Ul, encoded in UsiXML, which may be developed in a UsiXML editor. The
UsabilityAdviser search for violations of rules formalized through the automatic
evaluation of UI data. Finally, a report of the found violations of ergonomics and
accessibility is presented. One major challenge is to create and update the knowledge
base on ergonomic rules, which requests a complete review and compilation of
existing rules from different sources. These rules are often expressed in a natural
language that is normally more complex and open compared to a programming
language. Anyway, the UsabilityAdviser provides an extensible way of evaluation
from multiple sources of guidelines for (parts of) a UL
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Knowledge Base

File with formal rules

UsabilityAdviser

Formal rules compiler
(syntaxand semantic
parser)

Graphical User
Interface Editor
UsiXML

Transcoding and
Storing into format

SketchiXml &(_

‘ Data analysis

Guidelines

Smith & Mosier

WCAG 2.0,

Grafixml Jl

Evaluation Report

—\—___o—‘—-'-_'—-—___

Fig. 5. Global process for automatic evaluation.

4 Conclusions

This paper presents a formal methodology to design an e-Learning for multicultural
learning objects. A learning process is described as a workflow model that is
composed of tasks, resources and places where education takes place. The goal of
using the methodology is to provide the design knowledge to develop an eLearning
Management Systems that addresses the current needs of e-Learning systems,
including: gamification, multicultural, social networking, formal definition of learning
process, multi-user support, multi-environment use, and multi-device. We propose to
rely on a model-based engineering approach for at least two reasons: first, it enables
structuring the development life cycle of learning process in a principle-based way
(guidance support); second, the final rendering of UI for multi-context environments
is desirable.Ergonomic guidelines are taken into account in the proposed solution,
since its good design will allow for easy use. The future of this work is to develop the
proposed solution.
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Abstract. We present Fermat, an Intelligent Social Network for
Mathematics Learning, which integrates an Intelligent Tutoring System as
an extra feature to help improve the teaching and learning process. The
intelligent tutor takes into account both cognitive and affective factors, and
by use of artificial intelligence techniques, provides users with a
personalized and satisfying experience when taking the courses.

Keywords: Intelligent Tutoring Systems, social networks, neural networks,
emotion recognition.

1 Introduction

Social Networks (SN) have a great impact on the daily lives of many people. In [7]
the authors describe it as a structure of nodes that represent individual relationships
(or organizations) among people of a certain domain. So, we can say that a social
network is a dynamic interaction which allows sharing different types of files,
comments and topics [3].

There are several types of social networks, which are distinguished according to

the approach they have. For example, social learning networks, which use a
collaborative environment and tools to help users in the learning process. Tools that
can integrate social learning networks are Intelligent Tutoring Systems.
Intelligent Tutoring Systems (ITS) are computer programs that use many of resources
to support the teaching and learning process. ITS must incorporate techniques of
Artificial Intelligence (AI) and education, with the aim of creating a flexible and
interactive environment that considers the different cognitive styles of students [11].
ITS should play an important role in monitoring both the learning the student has
achieved, as well as identifying weaknesses, in order to find strategies that fit the
student's cognitive style [11].

In order to reduce the problem of learning mathematics in Mexico middle schools,
we built an intelligent social network for mathematics named Fermat [15]. Fermat
contains an Intelligent Tutoring System whose main objective is to support the
teaching-learning process in formal classroom education.
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This paper is organized as follows. In Section 2 we present a general architecture
of Fermat. Section 3 gives information about the analysis and design of the social
network. Section 4 explains how the ITS is structured. Section 5 will discuss some

results and finally conclusions are presented in Section 6.
2 Fermat Architecture
Learning Social Network Fermat has the basic functionalities in all social networks,

but its main feature is that it includes an ITS that offers the course content in a
personalized style to users, as shown in Figure 1.
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Fig. 1. Fermat Architecture

Users of the network are associated with personal, academic and affective
information in a profile, which is obtained statically and dynamically. The static
profile contains the initial information of the user (e.g. personal and academic
information). The dynamic profile will be updated according to the user interaction
within the network and the ITS, taking into account during this interaction, cognitive
and emotional aspects.

According to [6], emotions are closely related to student learning, which in our
point of view, represents a key factor to the student results.

Cognitive factors are obtained according to the history that we obtain from the
results of examinations of the user and the learning style computed by the neural
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network. Emotional factors are obtained by sensors that are monitoring the user's
emotions through facial expression and voice sound.

3 Analysis and Design of Fermat

In the analysis phase we determined the objectives and user requirements of the social
network, which are fundamental to understanding the features needed by the user to
interact and use the network.

These features provide a set of functional requirements that the network must have
as well as quality requirements. Every functional requirement was developed in a use
case to show how the user will interact with the system. We also developed a context
diagram to show how the system interacts with external actors.

The design phase of the social network was divided in four main topics: data
model, architecture, interfaces and components.

The system architecture was shown in figure 1, and some interfaces are presented
in section 5. The components of the social network such as the editor and the browser,
the user management, the learning objects, the collaboration of users in the network,
and the adaptation of courses to a learning style, are directly related to achieving one
of the primary functions of a social network, which is to enhance collaborative
learning using an intelligent tutor system.

For the design of the interfaces we used the Mockup Builder tool [8].

4 Fermat ITS

The intelligent tutoring system (ITS) developed for the Fermat social network
includes three main components (figure 2), which together are able to determine what
the students know and how they are progressing, adjusting to their learning style
needs [11].

Student
Knowledge
7 )

N

Domain Knowledge

A

$

] Student
ny-

Teacher

Pedagogical
e Module

Diagnostic Exam

[

Fig. 2. General Architecture of the ITS.
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The three main components are:

1. Expert or Domain Knowledge Module.
2. Student Knowledge Module.
3. Tutoring or Pedagogical Module.

Domain knowledge Module: it is one that contains the description of knowledge on
the subject of a particular domain, providing knowledge of what is taught to the
student, so he can gain the skills and concepts required for meaningful learning. A
course in Fermat can be seen as a tree diagram containing chapters and in turn these
are made by subjects, as shown in Figure 3. The totality of all nodes in the tree
represents the expert knowledge.

Student Knowledge Module: This module is responsible for assessing the student
performance to determine his/her cognitive abilities and reasoning skills. It provides
the information about what a student knows. This module is central to the module
tutor in the selection of the learning style that better suits the user.

Fermat realizes what the student's knowledge is through a diagnostic test. The test
results show what the student knows and what he needs to learn. The Fermat student
module can be seen as a sub-tree of all knowledge possessed by the expert in the
domain, as shown in the left part of figure 3. The representation is based on a model
called "Overlay", where the student's knowledge is a subset of the expert knowledge.
As the student uses the intelligent tutor he expands this subset [5].

Pedagogical Module: It represents the fundamental strategies for teaching the course
content in Fermat. It is responsible for selecting the appropriate learning style and
provides assistance to the student. For example, the tutor must know how to respond
when the student cannot answer a question. In Fermat, the tutor module is based on
the model developed by Felder and Silverman, which classifies the student
preferences on four dimensions: perception, processing, input, and understanding [4].

On the other hand, we integrated another module to recognize the emotional states
of students. Emotions are detected by means of the expression of the face and by the
voice.

The method used for the detection of visual emotions is based on Ekman's theory
[13], which recognizes ten emotions: anger, disgust, fear, happiness, sadness, surprise,
well, bored, tired, neutral. To determine the emotion, the system take a picture of the
student’s face, sending the image file into a module to be transformed to a more basic
form. Based on this picture we get the feature points that minimize the set of input
data to the neural network. We use a Kohonen Neural network with 20X20 input
neurons and 2 output one is representing the emotion.

For the detection of emotions in the voice, this is captured primarily through the
computer microphone and then normalized. Then we apply the technique to
characterize components analysis (PCA) to the signal representing the voice. After
using the SFFS method [14] we obtain an optimal set of features that will feed the
neural network.

In Figure 4, we can see how we integrate the visual and sound emotions using a
neural network. Having recognized the emotion, this is sent to the intelligent tutor to
respond based on the emotion.
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Chapters

Subjects

Fig. 3. Basic structure of a Fermat course.

Fig. 4. Emotion recognition.
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5 Fermat Testing

Fermat was tested with primary school students in third grade. During this period we
constantly supervised the use of the social network by the students and the teacher.

First, users tested the common functionality in the network such as: edit your
profile, add friends and send messages. A teacher created a learning community, and
added his students as members. The teacher also created a course as is shown in
figure 5.
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Fig. 5. Creation of a course in Fermat.
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Fig. 6. Displayed Course in Fermat.

Later, the course was browsed by the students (Figure 6).
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At the end, students answered tests, which updated their sub-tree of knowledge,
and the intelligent tutor showed them new information on the topics where the student
presented problems.

6 Conclusions

Social networks are a tool where users can find a meeting space, making promoting a
cooperative attitude of cooperation. Adding an Intelligent Tutoring System to a Social
Network helped the teacher with the teaching process in order for students to gain
meaningful learning. The actual results show that an Intelligent Social Network for
Learning Mathematics can assist children to achieve better results in a context of
traditional or formal education.
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Abstract. The electric power industry requires qualified personnel to
support an optimal and safe operation. Since its beginnings, the IIE has
been developing different training technologies and systems for CFE,
the main utility for generation, transmission and distribution of electric
power in Mexico. Some of these endeavors provide tailored instruction
considering trainees traits such as learning styles, affective states and
current knowledge. Other developments are focused on enabling multi-
functionality. The IIE has also developed intelligent assistant systems,
virtual reality systems, and power plant simulators. Besides this, the IIE
is interested in developing e-learning platforms to support CFE’s per-
sonnel training. This paper presents a summary of these developments.

Keywords: Adaptive instruction, intelligent assistants, virtual reality
systems, training simulators, learning environments.

1 Introduction

The Electrical Research Institute (IIE) is a public institution dedicated to in-
novation, technological development and applied scientific research, within the
electrical and oil industries, and one of its main functions is to support the Fed-
eral Electricity Commission’s (CFE) processes. These processes are complex and
involve different levels of risk. Thus, one of its main concerns is to make sure
that its personnel is well trained and qualified in order to prevent accidents and
equipment damage, as well as to reduce operational costs. Traditionally, person-
nel training was achieved by attending specialized courses. However, nowadays
the industrial development demands opportune and flexible training. The IIE
has developed different tools and training approaches, based on modern tech-
nologies, to support these challenges.

This paper describes some of the training tools developed by IIE. First, it
presents two works focused on the importance of providing tailored instruction.
These consider both learning styles theory and the student affective state. Then,
it describes three multi-functionality systems namely: an intelligent assistant in
the power plant domain, an adaptive system for learning and consulting engineer-
ing procedures, and an assistant system for the design of electrical distribution
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substations. After that, it explains the architecture followed by different systems
based on virtual reality, one devoted specifically to live line maintenance train-
ing in different tensions, and other for the fossil fuel power plant domain. Later
on, it talks about a power plant simulator complemented with an expert system
for training of power plants operators. Then, it describes an e-learning platform
constructed by the ITE. Finally, some conclusions are presented.

2 Strategies for Adaptive Instruction

2.1 Learning Styles for Intelligent Learning Environments

Until now, most of the intelligent learning environments personalize instruction
basically by tracking what a student knows. However, adapting instruction is not
only concerned with students current knowledge; there are many other proposals
to adapt the lessons to other aspects of students like skills mastery, motivational
and affective state, self-efficacy, learning styles, among other proposals. We have
developed a general framework to adapt the instruction based on the Felder-
Silverman Learning Styles Model [1]; the instruction is presented according to
a set of rules taking into account the student’s learning style which is identified
by an assessment instrument given to students [2].

The learning styles theory relies on the hypothesis where each individual has
a particular way to learn, including strategies and preferences, emphasizing that
individuals perceive and process information in different ways. Consequently,
the learning styles theory states that individuals learning has more to do with a
process focusing on the learning style than with the individuals intelligence.

The Felder-Silverman categorizations of learning styles are: Active and re-
flective learners. The active learner better understands information by doing
something with it and it likes group work. The reflective learner understands in-
formation better by thinking about it quietly first and it prefers to work alone.
Other categorizations consider the existance of sensing and intuitive learners,
visual and verbal learners, and sequential and global learners.

The sensing learner likes learning facts and solving problems by using well-
established methods, but it dislikes complications. The intuitive learner prefers
discovering possibilities and relationships and likes innovation but dislikes repe-
tition. The visual learner remembers better what he/she sees: pictures, diagrams,
flow charts, time lines, films, or demonstrations. The verbal one gets more from
words and written and spoken explanations. The sequential gains understanding
in linear steps and follows logical stepwise paths in finding solutions. The global
one learns in large jumps and solves complex problems quickly once they have
grasped the big picture.

To identify the learning style of a person, we use the Felder-Silverman assess-
ment instrument, which is a Soloman and Felder questionnaire with 44 questions
[3]. The collection of rules proposes a set of teaching instructions for each learn-
ing style [4]. Table 1 shows rules for active/reflective learners.

To apply these rules, every lesson of a course has to be converted into 8
different lessons according to the teaching instructions. This effort is justified
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Table 1. Rules of teaching instructions for active and reflective learning styles

Learning stvle Teaching instructions

Active Show exetcises at the begmmmg of the chapter because they like challenges
and problem solving
Show less examples. They are not mterested m the way others have done
something, becanse they want to solve 2 problem by themselves

Reflective Show exercises at the end of a chapter
Show examples after explanation content, but before exercizes
Show less emercizes, because they learn better by thinking zbout a topic
instead of solving problems actively.

when there are many potential students classified in each of the learning styles
so that they can better profit personalized learning objects.

To develop our proposal, we have assembled a site using Moodle with in-
structional material composed of lessons, tests, and exams in compliance with
the SCORM standard (Shareable Content Object Reference Model). Currently,
we are basing our proposal on an algorithm rooted in artificial intelligent plan-
ning techniques. In this way, an individual course is generated for each student
based on his/her individual needs and his/her learning goals.

2.2 A Model of Affective Behavior

Emotions have been recognized as an important component of motivation and
learning. There is support that experienced human tutors look at and react to the
emotional state of students in order to motivate them and improve their learn-
ing process. In the few past years, there has been extensive work on modeling
student emotions; however, there have been only limited attempts to integrate
information on student affect in the tutorial decisions. To tackle this problem,
we have developed an Affective Behavior Model (ABM).

The ABM takes affect into account when interacting with a student by infer-
ring the affective state of the student; and by establishing the optimal tutorial
action based on the students current affective state (besides knowledge). A dia-
gram of the ABM is presented in Fig. 1. The model is composed of an affective
student model and an affective tutor model. The tutor model produces an affec-
tive action considering the affective and pedagogical student models as well as
the tutorial situation. The affective action is a component of the tutorial action
to be presented to the student.

The affective student model is based on the OCC model of emotions [5], and
relies on a Bayesian network [6]. The OCC model considers emotions as a result
of a cognitive appraisal between situation and individual goals. In our model,
goals are inferred based on the Five-Factor personality model [7].

The affective tutor model is designed based on interviews and surveys with
20 qualified teachers aimed at understanding which actions the teachers select
according to the state of a students affect and knowledge. We asked them to say
what they do when they are teaching. The teachers watched videos of students
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Student model Tutor module Aftgctive
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Pedagogical Affective Tutorial
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situation Pedagogical
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Fig. 1. General diagram for the Affective Behavior Model. The model is composed of
an affective student model and an affective tutor model.

and they established the suitable affective and pedagogical actions for each tu-
torial situation, and they stated why they do those actions. The affective tutor
model selects the tutorial actions with the best expected effect on a students af-
fect and knowledge by using a dynamic decision network with a utility measure
on both, learning and affect [8].

The ABM was tested in a controlled user study and in a wizard-of-oz study;
82 students participated. In both studies the tutorial action was delivered by an
animated agent. The results of these studies are encouraging, since they show
a high precision in the affective student model comparing with self-reports and
they show positive impact on students learning comparing pre-tests with post-
tests.

3 Multi—functional Intelligent Assistants

3.1 ASISTO: An Intelligent Assistant System for Power Plant
Operators Training

ASISTO (standing for Operation ASSISTant in Spanish) [9] is an intelligent as-
sistant system composed of a training module that includes an instructor console
conected to a plant simulator. The main component of the training mode is the
explanation system which is aimed to provide new operators with background
information during a training session. The automatic generation explanation
mechanism is composed of two main stages. In the first stage, the most relevant
variable is obtained by analyzing a Markov decision process (MDP)[10] used by
the operation assistant. This relevant variable is defined as the factor that has
the greatest impact on the utility given certain plant state and recommendation,
and it represents a key element in the explanation generation mechanism. In the
second stage, an explanation is generated by combining the information obtained
from the MDP analysis, and displayed in the form of a general template. The
current state, the recommended action generated by the MDP, and the resulting
relevant variable are then used as pointers to query a domain knowledge base
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B Lxplanation System

EXPLAMNATION

The action that must be taken Is: Demain affected variabie
CLOSE FLOW FEED WATER

The affected variable at hte current state is:
GENERATION

The porpuse of the action given is because that
The procedure is LOADISTARTUP FFW
And the protection mechanims is | AcTVATED

Tl COnmpBIT o i is
STEAM TURBINE

HRSG

The companent invalved is TURBINE HRSG

State doucription

=1 LOAD = ASCENT

(L] LOAD REJEGTION = NONE

Component Detail

WITHOUT DESCRIPTION

Fig. 2. This template is composed of 3 main parts: (i) the recommended action and the
relevant variable in the current situation; (ii) a graphical representation of the process
highlighting the relevant variable, and (iii) a verbal explanation.

and extract the relevant information to fill-in the explanation template. A more
detailed description of the explanation mecanism can be found in [11].

ASISTO generates an explanation for every user level: novice, intermediate
and advanced. Advanced users do not require a well detailed explanation so
that they are provided with essencial information only. However, novices might
need more specific explanations and a template with more complete informa-
tion might be displayed. Fig. 2 shows an example of explanation templates for
advanced users. In general, the template shows the optimal action on the left
hand side, explaining why it is important to perform the recommended action,
the component associated to the optimal action, and a brief description of the
current plant state. On the right side of the relevant variable there is a diagram
of the process associated with the action executed by the user.

When running experiments, operators trainees experienced improvements in
their general performance after using the explanation system. We plan to con-
duct additional user study tests using the explanation module in order to demon-
strate that the quality of explanations generated automatically is of a very high
standard when compared against those given by a domain expert.

3.2 Multi-functional Knowledge Based System to Learn, Apply and
Consult Procedures

Lacepro is an adaptive multi-functional knowledge based system for Learning,
Applying and Consulting Engineering Procedures [12]. The system achieves its
multi-functionality by using a single knowledge representation scheme that facil-
itates the tutoring, problem solving and consulting tasks, the representation of
a user’s model and the automatic generation of examples and evaluation prob-
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lems. As shown in Fig. 3, the representation of the domain is exploited by three
different knowledge operators (the “Tutor”, the “Consultor” and the “Problem
Solver”), each of which is in charge of the tasks of tutoring, consulting, and prob-
lem solving, respectively. The three knowledge operators consult a user model in
order to tailor their explanations to what the user knows and prefers [13]. Lace-
Pro uses a machine learning mechanism to learn the rules that result in “good”
strategies that are effective for different classes of users [14]. This mechanism is
also used to adapt these rules to the preferences of particular users.

Lacepro’s Architecture )
Knowledge Representation

Main O,C:OQ—~@ Theoretical
Procedure M Concepts

Q
Fm:eaure B

Procedure
P ;

- Overlay UM

Tutoring
Rules

- The basic element is the ION (Issue Of kNowledge)

P _STEP_ >
% Q
— o
PROCEDURE>
Domain
User Model Knowledge

- All the information for learning, applying & consulting,
and the overlay user model is in the IONS .

Fig. 3. Lacepro’s Architecture and Knowledge Representation. They are the basis for
multi-functionality and adaptability to the userss knowledge level and preferences.

In Lacepro, the domain knowledge is represented through a set of goal net-
works (see Fig. 3). Each node of these networks represents a step within a pro-
cedure. A step is a subgoal within a procedure (i.e., the calculation or selection
of a parameter or set of parameters through: direct assignment using formulae,
production rules, data retrieval from tables, or specialized routines). The links
among nodes represent the flow of the procedure. Those concepts required to
understand the basis of a step are stored in concept nodes that are linked to the
step node.

Lacepro shows that it is possible to develop transparent systems that adapt
and evolve continuously as professionals learn and apply procedures as part of
their work.
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3.3 SiDSED: A System for Designing Electrical Distribution
Substations

SiDSED [15] is a system for designing electrical distribution substations that uses
different levels of building blocks to simplify the design process and facilitate the
estimation of costs of new electrical substations. The building blocks are based
on three levels of abstraction; buildings blocks of the highest level are composed
from building blocks of lower levels. Each building block has an associated cost
obtained from a concepts catalogue with unit prices. The system was developed
for power distribution at CFE.

SiDSED was developed in three modules: engineering design module, costs
engineering module and visualization module (see Fig. 4).

SIDSED

Design Engineering Module

Subestations Configuration Volumetric calculation

Substation B..la{.qia‘ammm
Technical |:>
Specifiachtions

-Topographical I:D

data BAllPlan Software
= Soil Mechanics
1 L1
Vigualization Module Costs Engineering Module
= Three dimensional = Concepts Catalogue
walkthrough = Estimattion Costs
R y Freedom S e OPUS Software
1
Products
= Electromechanical and civil
drawings Tender Bases
= Estimation costs of projecs, *Documents
eguipment and rmaterials *Drawings
= 30 Yisualization and walkthrough

Fig. 4. SIDSED Modules: Engineering design module, costs engineering module and
visualization module

In the engineering design module, human designers use the building blocks
to design a new electrical substation, taking into account some topographical
data. After that, the cost of an electrical substation is estimated with the costs
engineering module. Finally, with 3D visualization and a walkthrough module,
designers can make decisions about aspects related with construction, operations,
maintenance and training.

Some of the benefits obtained with the use of this type of approaches are
related mainly to cost savings through design automation, reduction of con-
struction problems and faster throughput of projects. The building blocks can
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be 3D standards for advanced engineering, automated drawing, data extraction
and reusability of designs. We can use it virtual substations for site selection,
community and government acceptance, and 3D visualization and walkthrough
can be used to improve construction, commissioning, operations and mainte-
nance. Nowadays, we are training personnel and implementing SIDSED in all
CFE’s divisions along the country.

4 Virtual Reality Systems

4.1 Virtual Reality Systems for Maintenance Training

In July 2003, the Virtual Reality Group (GRV) was founded at the IIE. Since
then most of the GRVs efforts have been devoted to develop training systems for
CFE. The first Virtual Reality (VR) System developed was ALEn3D ( acronym
in Spanish for training system for medium live line maintenance). From then
on other different training systems were developed, such as: high tension lines,
transmission lines, underground lines, and still in development substation main-
tenance tests (Fig.5 right). They all share the same architecture defined for
ALEn3D, which includes three operation modes, namely: learning, practice and
evaluation modes (Fig. 5). All these systems are able to keep track of the stu-
dents progress. The systems are able to remember who used the system, what
maintenance procedure was learned, in what step and when the student was
using the system, etc. It contains messages for helping students when they make
mistakes while learning or practicing.

Fig. 5. Learning modes samples: medium tension live line maintenance (left) and sub-
stations primary equiment testing (right)

These systems can be used for self learning or presential courses. In the
former, all progress made by students is recorded locally in a database, so that
students can learn dangerous procedures at their own pace with no risk at all.
In the later, all progress is recorded in a server and this information is available
for trainers and other company authorities. In this way, learning progress within
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the company can be monitored. The evaluation mode includes two kinds of tests
namely, theoretical tests, which are based on multiple choice questions, and
practical tests in which a student have to perform a maintenance procedure,
based on the same learning/practice 3D scenarios with no help from the system.

Currently, CFE is using successfully these systems for personnel training in all
of its 16 distribution divisions located in the whole country. ALEn3D for medium
line maintenance training was the winner of the CFE’s INNOVA 2008 award.
These systems have been developed within the first stage of the VR Roadmap
[16]. In this stage, the development of non immersive VR systems [17] is planned.
Currently, the GRV is starting the second stage in which the development of
immersive systems, the inclusion of augmented reality and collaborative virtual
environments are considered.

4.2 Visor3D Coupled to a Dynamic Simulator

In this section a prototype of a non-immersive 3D display system coupled to a
dynamic real-time full-scope simulator is presented. The name of the prototype
is Visor3D, whose aim is to create a virtual world representation of a section
of a thermal power plant, with the equipment modeled and textured in detail,
so that the user has a realistic sensation of being in the scene. Visor3D shows
equipment in 3D and displays, in real time, the recorded status according to the
initial condition set by the instructor (from the simulation station), while that
one with local control can be infered directly from the simulation session. The
main components of the prototype are the simulation system and the display
system.

The Simulation System is composed of a set of integrated software com-
ponents that were adapted to establish communication with Visor3D. A more
detailed explanation about the simulator software is available in [18]. In the Dis-
play System, the Visor3D is responsible of rendering the virtual environment of
the power plant, which consists of static and dynamic equipment (see Fig. 6).
The former displays its status in the simulator in real time and can also per-
form actions such as opening / closing valves through internal parameters. These
commands are sent in real time and have influence in the simulation session. The
Visor3D also includes an auxiliary operator in the stage, which is represented by
an avatar, and supports three types of navigation on the scene: in first person,
third person and free form.

Additionally, another component was developed to communicate the simula-
tor and the Visor3D prototype. Its objective is to establish communication with
the display system and respond to requests of variables and commands that the
user performs from the equipment shown in the virtual environment.

The development of this kind of systems, that include Virtual Reality and
dynamic simulation, will help to reinforce the operator training sessions, since
he/she will be able to observe in 3D, the effects of his/her operations and phe-
nomena that occur in the processes of power generation that cannot be observed.
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Fig. 6. Display System. Visor3D is responsible of rendering the virtual environment of
the power plant

5 Training Simulators

5.1 Power Plant Simulators and Expert System for Operator
Training

A power plant simulator is a software system that models the behavior of a real
power plant and that can be used for the operators training of such systems.
Since it allows the training in special situations that could arise in real life but
without endanger persons or real equipment, its principal aim is to provide an
integrated training avoiding unnecessary risks .

It has been verified that the operators training of power plants based on
training simulators is the most effective way in which an operator familiarizes
with the plant at which it will be employed. However, due the high cost of such a
training, it is desirable that operators attend these sessions with some previous
theoretical /practical knowledge.

The IIE has developed a simulator-expert system [19] aimed to provide a
standalone application where operative personnel can practice and be evalu-
ated without the supervision of an instructor. The practice will complement the
regular training courses carried out at the training center. This system was de-
veloped for the CFE using a 350 MW Coal-Fired power plant simulator (CFS)
and a 450MW Combined Cycle power plant simulator (CCS) .

The system is divided into two parts: the definition of an exercise and its
execution (see Fig. 7). The exercise is defined by the instructor who stablishes the
initial condition of the simulation system, creates questions for the theoretical
evaluation, assigns the corresponding multimedia material for the theoretical
lessons, and selects the process variables for the simulation evaluation. After
that, a tool transforms the exercise into a set of rules to guide/track the trainee
operation to be used by an expert system. During the exercise execution, the
trainee has a graphical interface to perform a practice. This interface contains the
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main operator’s diagrams related to the exercise. The operator may be assisted
by the system to indicate what actions to perform to complete the exercise
correctly or just to monitor and report a wrong action.

Instructor of the Training Center
— 8 L
Theoretical
Scenario

Fig. 7. Simulator—expert system. The system is composed of the definition of an exer-
cise and its execution

==
Exercise

6 Virtual Learning Environments

6.1 Virtual Postgraduate Center e-Learning Platform

The IIE Postgraduate Center (ITE-CP) has developed an e-learning platform
called Virtual Postgraduate Center (CPV) [20]. It was implemented using a
Learning Management System (LMS) which includes a number of activities and
resources for on-line courses. CPV complies with the SCORM standard from
Advanced Distributed Learning (ADL), so that SCORM 2004 4th Edition 1.1
learning objects (LO) were developed, which correspond to SCORM compli-
ant teaching material Shareable Content Objects (SCO). In other words, the
Content Aggregation Model (CAM - activity tree), the Run-Time Environment
Model (RTE—- Application Program Interface API between LMS and SCO), the
Sequencing Definition Model (S) and the Navegation Model (N) were included
into the SCOs using the Tracking Data Model (cmi. - Computer Managed In-
struction) and the Sequencing Elements (adl.). The on-line courses structure
is in accordance to SCORM and ADL recommendations. Therefore, SCORM
content packages are automated by configuring the learning strategy with evalu-
ations and remediation. For tracking the students performance individually and
according to his/her perfomance, teaching materials are presented.

Content packages were developed using Author Tools for the e-learning teach-
ing material. An instructional design team and a development team were inte-
grated, and a script was developed to capture the information from instructors
about how they want to show their teaching material.
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An LMS offers asynchronous activities, such as discusion forums, and syn-
chronous activities, such as a chat. It also manages the courses, ad hoc configu-
rations, security, accounts and profiles, massive registration and by e-mail, and
customizable views and templates. In each course, it registers every interaction
and grades, and it generates reports and statistics. At present, CPV has several
on-line courses on various topics related to the electric power sector.

As a future work, several new functionalities will be implemented. For in-
stance, the HTML editor (with equations editor and calculator) will be included
into the chat (for loading images, videos, audio-narration-music), an on-line au-
thor tool (LAMS Learning Activity Management System) for developing teach-
ing material, a virtual classroom (videoconference, whiteboard, chat and desk
sharing) and a remote laboratory (VNC-Virtual Network Connection and Web-
Cam) will be integrated, SMS messages (Short Messaging Service) for the stu-
dents’ mobile phones from the LMS will be included, an intelligent tutor system
(to integrate an intelligent LMS) will be implemented within the LMS, and a
mobile learning tool will be added. In order to develop intelligent learning objects
an intelligent sequencing will be implemented for the SCORM content packages.

7 Conclusions

A set of eight training and tutoring learning technologies developed at the Elec-
trical Research Institute were presented. It included developments focused on
providing different learning styles, considering the student affective state and
enabling multi-functionality. Samples of assistant systems, virtual reality sys-
tems, power plant real simulators, and virtual center e-learning platforms were
also presented.

The developments described here are a good example of how modern tech-
nologies provide a great variety of approaches to support the electric power
industry.
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Resumen. Lexical functions formalize semantic and syntactic relations between
lexical units, given that meaning of an individual word largely depends on vari-
ous relations connecting it to other words in context. Collocational relation is a
type of institutionalized lexical relations that holds between the base and its part-
ner in a collocation in contrast to free word combination where both words are
used in their typical meaning. Collocation are important for natural language pro-
cessing because collocation comprises the restrictions on how words can be used
together. The formalism of lexical functions is a means of representing such in-
formation. If collocations are annotated with lexical functions in a computer read-
able dictionary, it allows effective use of collocations in natural language appli-
cations including parsers, high quality machine translation, periphrasis systems
and computer-aided learning of lexica. In order to create such applications, we
need to extract lexical functions from corpora automatically. For this, we repre-
sent the lexical meaning of a given word with a set of all its hypernyms extracted
from the Spanish WordNet.

Keywords: natural language processing, lexical functions, semantic representa-
tion, machine learning.

1 Introduccién

Lexical function is a concept that formalizes semantic and syntactic relations between
lexical units. Relations between words are a vital part of any natural language system.
Meaning of an individual word largely depends on various relations connecting it to
other words in context. In particular, collocational relation is a type of institutionalized
lexical relations that holds between the base and its partner in a collocation.

A collocation typically consists on the main word, or base, and the word that collo-
cates with it, or collocate. Examples of collocations are give a lecture, make a decision,
lend support, where the bases are lecture, decision, support and the partners, termed
collocates, are give, make, lend. Collocations are opposed to free word combination
where both words are used in their typical meaning, such as, for example, give a book,
make a dress, lend money.
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Knowledge of collocation is important for natural language processing and its appli-
cations because collocation comprises the restrictions on how words can be used to-
gether. There are many methods to extract collocations automatically but their result is
a plain list of collocations. Such lists are more valuable if collocations are tagged with
semantic and grammatical information.

The formalism of lexical functions is a means of representing such information. If
collocations are annotated with lexical functions in a computer readable dictionary, it
will allow effective use of collocations in natural language applications including
parsers [Gelbukh and Sidorov 2006, Bolshakov and Gelbukh 2004], high quality ma-
chine translation [Bolshakov and Gelbukh 2001], periphrasis system and computer-
aided learning of lexica [Bolshakov and Gelbukh 2002].

In order to create such applications, we need to extract lexical functions from corpora
automatically. It is our intent to extract Spanish verb-noun collocations belonging to a
given lexical function from corpora. To achieve this, we represent the lexical meaning
of a given word with a set of all its hypernyms. This allows us to use machine-learning
techniques for predicting lexical functions as values of the class variable for unseen
collocations. We extract such hypernyms from the Spanish WordNet. Our experiments
show that machine learning is feasible to achieve the task of automatic detection of
lexical functions.

Relatively little research has been done so far on automatic detection of lexical func-
tions. In fact, there are only two papers that report results on performance of a few
machine-learning algorithms on classifying collocations according to the typology of
lexical functions [Wanner 2004, Wanner et al. 2006].

In this paper, we first review various definitions of collocations given in existing
literature, to clarify thoroughly the goal of our research. Then we summarize existing
work on collocation extraction, in particular on extraction of lexical functions: we con-
sider the work done in [Wanner 2004], [Wanner et al. 2006] and comment on another
research on automatic extraction of lexical functions [Alonso Ramos et al. 2008] based
on an approach different from the work in [Wanner 2004] and [Wanner et al. 2006].
We discuss the three statements, or hypotheses, made in [Wanner et al. 2006]. Next,
we describe the data used in our experiments. Finally, we present our methodology for
meaning representation for collocation extraction.

1.1  Definitions of Collocation

Our goal is to extract lexical functions, which are a particular type of a collocation.
There is no consensus on what a collocation is. Here we review numerous different
approaches to the definition of a collocation.

With each definition, additional information is given as to the source of definition,
the criterion used to distinguish collocations from free word combinations, and some
our comments on the particular definition.

[Firth 1957]: Collocations of a given word are statements of the habitual or customary
places of that word. Lexical criterion: a word is used in a fixed position with respect to
a given word; statistical criterion: frequency of word co-occurrence.
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[Firth 1957] first introduced the term ‘collocation’ from Latin collocatio which
means ‘bringing together, grouping’. Firth believes that speakers make ‘typical’ com-
mon lexical choices in collocational combinations. Collocation is a concept in Firth’s
theory of meaning: “Meaning by collocation is an abstraction at the syntagmatic level
and is not directly concerned with the conceptual or idea approach to the meaning of
words. One of the meanings of night is its collocability with dark, and of dark, of
course, collocation with night.”

[Halliday 1961]: Collocation is the syntagmatic association of lexical items, quantifia-
ble, textually, as the probability that there will occur, at n removes (a distance of n
lexical items) from an item x, the items a, b, c ... Lexical criterion: a word is used a fixed
position with respect to a given word. Statistical criterion: high co-occurrence fre-
quency.

If a lexical item is used in the text, then its collocate has the highest probability of
occurrence at some distance from the lexical item. Collocations cut across grammar
boundaries: e.g., he argued strongly and the strength of his argument are grammatical
transformations of the initial collocation strong argument.

[Hausmann 1984]: Collocations are binary word-combinations, consist of words with
limited combinatorial capacity, they are semi-finished products of language, affine
combinations of striking habitualness. In a collocation one partner determines, another
is determined. In other words: collocations have a basis and a co-occurring collocate.
Lexical criterion: the lexical choice of the collocate depends on the basis.

Word combinations are classified word-combinations according to the features fixed
vs. non-fixed, and in this classification collocations are belong to the category of non-
fixed affine combinations. Internal structure of collocation: collocation components
have functions of a basis and a collocate, and the basis (not the speaker) ‘decides’ what
the collocate will be.

[Benson 1986]: Collocation is a group of words that occurs repeatedly, i. e. recurs, in
a language. Recurrent phrases can be divided into grammatical collocations and lexi-
cal collocations. Grammatical collocations consist of a dominant element and a prep-
osition or a grammatical construction: fond of, (we reached) an agreement that... Lex-
ical collocations do not have a dominant word, their components are "equal": to come
to an agreement, affect deeply, weak tea. Functional criterion: collocations are classi-
fied according to function of collocational elements. Statistical criterion: high co-oc-
currence frequency.

This is a broad understanding of collocation. Classification of collocations according
to their compositional structure is given.

[Benson 1990]: Collocations should be defined not just as ‘recurrent word combina-
tions’, <but as> ‘ARBITRARY recurrent word combinations’. Lexical criterion: arbi-
trariness and recurrency.

‘Arbitrary’ here is opposed to ‘regular’ means that collocations are not predictable
and cannot be translated word by word.

[Van Roey 1990]: Collocation is “that linguistic phenomenon whereby a given vocab-
ulary item prefers the company of another item rather than its ‘synonyms’ because of

99 Research in Computing Science 47 (2012)



Olga Kolesnikova

constraints which are not on the level of syntax or conceptual meaning but on that of
usage.” Statistical criterion: high co-occurrence frequency in corpora.

Van Roey summarizes statistical view stated by Halliday in terms of expression or
‘usage’. A collocate can thus simply be seen as any word which co-occurs within an
arbitrary determined distance or span of a central word or node at the frequency level
at which the researcher can say that the co-occurrence is not accidental. This approach
is also textual in that it relies solely on the ability of the computer program to analyze
large amounts of computer-readable texts.

[Cowie 1994]: Collocations are associations of two or more lexemes (or roots) recog-
nized in and defined by their occurrence in a specific range of grammatical construc-
tions. Structural criterion: collocations are distinguished by patterns.

Collocations are classified by Cowie into types according to their grammatical pat-
terns.

[Howarth 1996]: In his lexical continuum model, collocations as composite units are
placed on a sliding scale of meaning and form from relatively unrestricted (colloca-
tions) to highly fixed (idioms). Restrictive collocations are fully institutionalised
phrases, memorized as wholes and used as conventional form-meaning pairings. Syn-
tactic criterion: commutability — the extent to which the elements in the expression can
be replaced or moved (make/reach/take decision vs. shrug one’s shoulders). Semantic
criterion: motivation — the extent to which the semantic origin of the expression is iden-
tifiable (move the goalposts = to change conditions for success vs. shoot the breeze =
to chatter, which is an opaque idiom).

Classification includes four types of expressions with no reference to frequency of
occurrence:

free collocation: blow a trumpet = to play a trumpet,

restrictive collocation: blow a fuse = to destroy a fuse/to get angry,
figurative idiom: blow your own trumpet = to sell oneself excessively,
pure idiom: blow the gaff = to reveal a concealed truth.

The problem with this classification is that is difficult to determine what is meant by
‘syntactically fixed’, ‘unmotivated’ or ‘opaque’. This is seen in the ambiguous example
of to blow a fuse.

[Sinclair et al. 2004]: Collocation is the co-occurrence of two items in a text within a
specified environment. Significant collocation is regular collocation between two items,
such that they co-occur more often than their respective frequencies. Casual colloca-
tions are “non-significant” collocations. Lexical criterion: recurrency of co-occur-
rence. Statistical criterion: high co-occurrence frequency.

The degree of significance for an association between items is here determined by
such statistic tests as Fischer’s Exact Test or Poisson Test.

[Mel’¢uk 1996]: Collocation is a combination of two lexical items in which the seman-
tics of one of the lexical items (the base) is autonomous from the combination it appears
in, and where the other lexical item (the collocate) adds semantic features to the se-
mantics of the base. [GledAill 2000] explains that for Mel ’¢uk a collocation is a seman-
tic function operating between two or more words in which one of the words keeps its
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‘normal’ meaning. Semantic criterion: the meaning of a collocation is not inferred from
the meaning of the base combined with meaning of the collocate.

According to Mel’¢uk, semantics of a collocation is not the meaning of the base +
the meaning of the collocate, but rather the meaning of the base + some additional
meaning that are included in the meaning of the base. In particular: ‘...the concept of
collocation is independent of grammatical categories: the relationship, which holds be-
tween the verb argue and the adverb strongly is the same as that holding between the
noun argument and the adjective strong’ [Fontenelle 1994].

2 Related Work

Bolshakov and Gelbukh [1998] studied lexical functions in Spanish on a number of
examples. They described various types of such collocations and discussed how some
functions can be combined to give rise to new meanings. They also studied classifica-
tion of collocations according to the meaning of the words being combined [Bolshakov
and Gelbukh, 2000].

In 2004, L. Wanner proposed to view the task of LF detection as automatic classifi-
cation of collocations according to LF typology. To fulfill this task, the nearest neighbor
machine learning technique was used. Datasets included Spanish verb-noun pairs an-
notated with nine LFs: CausFunco, CauszFunci, IncepFunci, FinFunco, Oper;, Con-
tOpery, Opers, Real;, Real,. Verb-noun pairs were divided in two groups. In the first
group, nouns belonged to the semantic field of emotions; in the second groups nouns
were field-independent. As a source of information for building the training and test
sets, hypernymy hierarchy of the Spanish part of EuroWordNet was used.

The words in the training set were represented by their hypernyms, Basic Concepts
and Top Concepts. The average F-measure of about 70% was achieved in these exper-
iments. The best result for field-independent nouns was F-measure of 76.58 for
CausFuncy with the meaning ‘cause the existence of the situation, state, etc.” The
Causer is the subject of utterances with CausFunc.

In [Wanner et al. 2006], four machine learning methods were applied to classify
Spanish verb-noun collocations according to LFs, namely Nearest Neighbor technique,
Naive Bayesian network, Tree-Augmented Network Classification technique and a de-
cision tree classification technique based on the 1D3-algorithm. As in [Wanner 2004],
experiments were carried out for two groups of verb-noun collocations: nouns of the
first group belonged to the semantic field of emotions; nouns of the second group were
field-independent. Lexical functions were also identical with [Wanner 2004] as well as
data representation. The best results for field-independent nouns were shown by ID3
algorithm (F-measure of 0.76) for Caus.Func: with the meaning ‘cause something to
be experienced / carried out / performed’, and by the Nearest Neighbor technique (F-
measure of 0.74) for Oper; with the meaning ‘perform / experience / carry out some-
thing’. The Causer is the subject of utterances with CauszFuncs, and the Agent is the
direct object of the verb which is the value of Cuas;Funcs. In utterances with Opery, the
Agent is the subject.

As we are interested in experiments with verb-noun collocations where the nouns
have various semantics, i.e., the nouns are field-independent, Tables 1-4 summarizes
the results for field-independent nouns only in [Wanner 2004] and [Wanner et al. 2006].
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Table 1 gives the meaning of lexical functions used in experiments only with field-
independent nouns [Wanner 2004]. We give examples in Spanish with literal transla-
tion in English. After the name of a lexical function, we give three figures with the
following meaning:

— the number of examples of a given LF in the training set;
—  the number of examples of a given LF in the test set;
— the total number of examples of a given LF in the training set and in the test set.

Table 1. Data in [Wanner 2004]

Name Meaning _Exampl_es Lit_. transl_ation
in Spanish in English
Opery experience, dar golpe give a blow
35+ 15 =50 | perform, presentar una demanda | present a demand
carry out hacer campafia make a campaign
something dictar la sentencia dictate a sentence
Oper; undergo, someterse a un submit oneself to
33 +15=48 | be source analisis analysis
of afrontar un desafio face a challenge
hacer examen make exam
tener la culpa have guilt
CausFuncg cause the dar la alarma give the alarm
38 + 15 =53 | existence of celebrar elecciones celebrate elections
the situation, | provocar una crisis provoke a crisis
state, etc. publicar una revista publish a magazine
Real; act ejercer la autoridad exercise authority
37 + 15 =52 | accordingly utilizar el teléfono use a telephone
to the hablar la lengua speak a language
situation, cumplir la promesa keep a promise
use as forseen
Real, react responder a objecion respond to an objection
38 + 15 =53 | accordingly satisfacer un requisito | satisfy a requirement
to the atender la solicitud attend an application
situation rendirse a persuasion surrender to persuasion

Table 2 lists LFs with respective number of examples in [Wanner et al. 2006] for
verb-noun combinations with field-independent nouns.

Table 2. Data in [Wanner et al. 2006]

LF Number of Examples
CausFuncg 53
Opery 87
Operz 48
Real; 52
Real, 53
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Table 3 presents the results reported in the referenced paper, in terms of accuracy by
each lexical function.

Table 3. Results in [Wanner 2004]

F-measure/LF CausFunco Oper: Oper: Real: Real:
field-independent nouns 76.58 60.93 75.85 74.06 58.32

Finally, Table 4 shows the results in [Wanner et al. 2006]; the values of precision,
recall and F-measure are given in the following format: <precision> | <recall> | <F-
measure>. Not all four machine-learning methods in Table 4 were applied to all LFs; if
experiments were not made for a particular method and LF, N/A is put instead of pre-
cision, recall, and F-measure.

Table 4. Results in [Wanner ef al. 2006]

LE Machine learning technique
NN NB TAN ID3
CausFuncy |0.59]0.79]0.68]0.44]0.89]0.59|0.45]0.570.50 N/A
CauszFuncy N/A N/A N/A 0.53]0.65]0.50
FinFunco N/A N/A N/A 0.53]0.40]0.40
IncepFunc; N/A N/A N/A 0.40]0.48]0.40
Oper; |0.65]0.55]0.60|0.87]0.64]0.74|0.75|0.49|0.59|0.52]0.51]0.50
Oper, ]0.62]0.71]0.66|0.55]0.210.30|0.55]0.56 | 0.55 N/A
ContOper; N/A N/A N/A 0.84]0.57|0.68
Real. |0.58]0.44]0.50]0.58]0.37]0.45]/0.78]0.36|0.49 N/A
Real, ]0.56]0.55]0.55]0.73]0.35]0.47]0.34]0.670.45 N/A

On the other hand, [Alonso Ramos et al. 2008] proposed an algorithm for extracting
collocations following the pattern “support verb + object” from FrameNet corpus of
examples [Ruppenhofer et al. 2006] and checking if they are of the type Oper,. This
work takes advantage of syntactic, semantic and collocation annotations in the Frame-
Net corpus, since some annotations can serve as indicators of a particular LF. The au-
thors tested the proposed algorithm on a set of 208 instances. The algorithm showed
accuracy of 76%. The researchers conclude that extraction and semantic classification
of collocations is feasible with semantically annotated corpora. This statement sounds
logical because the formalism of lexical function captures the correspondence between
the semantic valence of the keyword and the syntactic structure of utterances where the
keyword is used in a collocation together with the value of the respective LF.

2.1  Hypothesis Stated by Wanner et al.

Wanner et al. [2006] experimented with the same type of lexical data as in [Wanner
2004], i.e. verb-noun pairs. The task is to answer the question: what kind of colloca-
tional features are fundamental for human distinguishing among collocational types.
The authors view collocational types as LFs, i.e. a particular LF represents a certain
type of collocations.
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Three hypotheses are put forward as possible solutions, and to model every solution,
an appropriate machine learning technique is selected. Below we list the three hypoth-
eses and the selected machine learning techniques.

1. Collocations can be recognized by their similarity to the prototypical sample of
each collocational type; this strategy is modeled by the Nearest Neighbor tech-
nique.

2. Collocations can be recognized by similarity of semantic features of their elements
(i.e., base and collocate) to semantic features of elements of the collocations known
to belong to a specific LF; this method is modeled by Naive Bayesian network and
a decision tree classification technique based on the ID3-algorithm.

3. Collocations can be recognized by correlation between semantic features of collo-
cational elements; this approach is modeled by Tree-Augmented Network Classi-
fication technique.

It should be mentioned, that having proposed three hypotheses, the authors have
not yet demonstrated their validity by comparing the performance of many machine-
learning techniques known today, but applied only four learning algorithms to illustrate
that three human strategies mentioned above are practical.

2.2 Automatic Detection of Semantic Relations

There has been some research done on semantic relations in word combinations, for
example, one that deals with automatic assignment of semantic relations to English
noun-modifier pairs in [Nastase and Szpakowicz 2003, Nastase et al. 2006]. Though in
our work, verb-noun combinations are treated, we believe that the principles of choos-
ing data representation and machine learning techniques for detection of semantic rela-
tions between a noun and a modifier can be are used to detect semantic relations in
verb-noun pairs.

The underlying idea is the same: learning the meaning of word combinations. In
[Nastase and Szpakowicz 2003, Nastase et al. 2006], the researchers examined the fol-
lowing relations: causal, temporal, spatial, conjunctive, participant, and quality. They
used two different data representations: the first is based on WordNet relations, the
second, on contextual information extracted from corpora. They applied memory-based
learning, decision tree induction and Support Vector Machine. The highest F-measure
of 0.847 was achieved by C5.0 decision tree to detect temporal relation based on Word-
Net representation.

3 Data Sets Used in Our Experiments

We have created a unique lexical resource of Spanish lexical functions in order to com-
pile training sets for machine learning experiments.

3.1  Data for the Training Sets

For training and for testing, we used in our experiments the data sets presented in the
sequel.
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Lexical Resources

Lexical resources are widely used in natural language processing and their role is diffi-
cult to overestimate. Lexical resources vary significantly in language coverage and lin-
guistic information they include, and have many forms: word lists, dictionaries, the-
sauri, ontologies, glossaries, concordances, etc.

For Spanish, this diversity of forms can be illustrated with the following lexico-
graphic works:

— A Medieval Spanish Word List [Oelschléger 1940],

— Diccionario de la Lengua Espafiola (Dictionary of the Spanish Language) [RAE
2001],

—  Streetwise Spanish Dictionary/Thesaurus [McVey and Wegmann 2001],

—  Spanish part of EuroWordNet [Vossen 1998], an electronic lexical onthology,

— Glosario de voces comentadas en ediciones de textos clasicos [Fontecha 1941],

— Concordancia electronica de la Biblia online (for Reina Valera version, 1960)
[CEB].

Machine-readable resources are of special interest, since they comprise an integral
part of computer systems aimed at automatic language treatment and language genera-
tion.

Though computerized lexicography has achieved a significant progress over last
years, compilation of high quality dictionaries still requires a lot of manual work. In
such a multi-faceted area as computational linguistics, it is difficult sometimes to find
an adequate lexical resource (and for the language you need) for a specific research task
or application.

One way to solve this problem is to develop computational procedures that can adjust
existing resources to the demands of a researcher. However, this is not always effective.
Certainly, the best solution of this problem is to compile a new lexical resource, but
this is not always feasible in view of its cost.

We present a list of most frequent Spanish verb-noun pairs which contains semanti-
cally annotated collocations and free word combinations. It is a machine readable lexi-
cal resource where each verb-noun pair is associated with the following linguistic data:

1. whether a pair is a free word combination or a collocation;

2. ifaverb-noun pair is a collocation, it is marked with lexical functions;

3. word senses of the Spanish WordNet [Vossen 1998, SpWN] are assigned to
both elements of the verb-noun pair.

Existing Lexical Resources

A number of lexical resources contain lexical functions. Almost all of them are not
specialized dictionaries of lexical functions, but include lexical functions together with
other linguistic information.

The concept of lexical function was originally proposed by researchers of the Rus-
sian semantic school. Lexical functions have been applied there for description of lexica
and machine translation. A dictionary in Russian compiled by Apresjan [referenced in
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Apresjan 2004] for the machine translation system ETAP includes more than 100 lexi-
cal functions with definitions and examples. For instance, for the verbal lexical function
Opery, the dictionary contains several hundreds of samples.

Lexical functions are used to describe the word’s combinatory power in Explanatory
Combinatorial Dictionaries compiled for Russian [Mel’¢uk and Zholkovskij 1984] and
for French [Mel’Cuk et al. 1984, 1988]. For every word, its lexical entry includes a list
of lexical functions applicable to it with their respective values. For French, an on-line
dictionary, the DiCo, is referenced in [Wanner 2004] but we could not access it on the
web.

For Spanish, there exists a dictionary of collocations, Diccionario de colocaciones
del Espaiol [DiCE] [Alonso Ramos 2003] annotated with lexical functions, but the
DiCE is limited only to nouns belonging to the semantic field of emotions. [Sanroman
1998, 2003] compiled collections of Spanish collocations also for emotion nouns clas-
sified in terms of lexical functions. [Wanner 2004, Wanner et al. 2006] used
Sanroman’s collections for machine learning experiments, and for the same purpose,
compiled additional lists of Spanish verb-noun collocations annotated with lexical func-
tions. In the additional lists nouns were semantically field independent. The overall
number of LF instances in the latter lists were 256 [Wanner 2004] and 293 [Wanner et
al. 2006]. Unfortunately, these lists are no longer available in full.

Description of the Lexical Resource

In this section, we describe the lexical resources that we used for our experiments on
automatic extraction of lexical functions from raw text corpora.

Compilation Firstly, the Spanish Web Corpus [SpWC] was chosen as a source of
verb-noun pairs with the pattern verb + direct object. All such verb-noun pairs used in
the Spanish Web Corpus five or more times, were extracted automatically from the said
corpus by the Sketch Engine [Kilgarriff et al. 2004], a web-based program for corpus
processing. Fig. 1 displays the interface of the Sketch Engine where several corpora are
listed including the Spanish Web Corpus. The obtained list contained 83,982 verb-noun
pairs, and it was ranked by frequency.

Secondly, one thousand pairs were taken from the upper part of the list, i.e. most
frequent verb-noun pairs.

Thirdly, in the list of one thousand pairs, erroneous combinations were marked with
the label ERROR. Erroneous pairs included, for instance, past participle or infinitive
instead of noun, or contained symbols like --, « , © instead of words. How did errors
emerge? The automatic extraction procedure was set to search for combinations with
the pattern verb + direct object in the corpus. This procedure needs part of speech (POS)
and lemma information, and such data is supplied by TreeTagger, software used to an-
notate the Spanish Web Corpus with POS and lemmas. The TreeTagger is a leading
tool applied for POS tagging and lemmatization, it achieves high accuracy but still is
error-prone. Due to errors made by the TreeTagger, the set of extracted verb-noun pairs
contained fallacious combinations. For the sake of preserving the original design of
automatically extracted set, these incorrect combinations were not removed from the
list but identified as wrong. The total number of erroneous pairs was 61, so after their
removal the list contained 939 pairs.
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Fourthly, collocational verb-noun pairs were annotated with lexical functions. The
rest of the pairs were annotated as free word combinations using the label FWC.

Lastly, all verbs and nouns in the list were disambiguated with word senses from the
Spanish WordNet, an electronic lexicon structured the same way as WordNet for Eng-
lish. For some verb-noun pairs, relevant senses were not found in the above-mentioned
dictionary, and the number of such pairs was 39. For example, in the combinaiton dar
cuenta, give account, the noun cuenta means razon, satisfaccion de algo (reason, sat-
isfaction of something). This sense of cuenta is taken from Diccionario de la Lengua
Espafiola (Dictionary of the Spanish Language) [RAE 2001]. Unfortunately, this sense
is absent in the Spanish WordNet so the expression dar cuenta was left without sense
annotation. All such words were annotation N/A, i.e. not available.

X New Sketch Engine server - Microsoft Internet Explorer

Fle Edt View Favoeites Tools Help Ll
Q&xk * & _)_t\i ;',j | - Search 5.7 Favorkes = Google |G~ 0w O settingsw Lk »
Addeess | @] htp:ffcorpora. shetchengine. co.ukfauth v B
-2 Sexch ~ J [~ - Hghight | (3 SavetoMyweb » C3YiMal + »
~

st The Sketch Engi

COM e Sketch Engine

lE:mlpon:gl user: Adam Kigarriff

Preloaded Corpora

Language Name Tokens
Chinese Chinese GW, simpl 706 427 624
Chinese Chinese GW, trd 706 428 333
English British National Corpus 111 244 375
French French web corpus 126 850 281
German deWaC 1644 785 836
Portuguese Cetenfolha, Cetempublico 66 319 147
Slovenian Fida PLUS 123 125634
Spanish Spanish web corpus 116 900 060,
User Corpora

o Corpus Builder
« WebBootCaT

Fig 1. Sketch Engine with the Spanish Web Corpus.

The annotated list was formatted as a table and saved in an MS Excel file. Fig. 2
shows the process of the compilation of the lexical resource schematically.

Contents of the lexical resource A partial representation of the list is given in Table
5; Table 6 lists all lexical functions found in the list of 1000 most frequent verb-noun
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pairs, their frequencies in the Spanish Web Corpus, and the number of examples for
each of them.

Skchh Manugl Corpgs of
Engine annotation Lexical
Functions

Spanish  ——»
Web Corpus

Fig. 2. The process of lexical resource compilation.

3.2 Data for the Test Sets

To build the test set, we extracted all verb-noun pairs from a corpus other than the
corpus used to construct the training sets. So the data for test sets was mined from the
Spanish Treebank Cast3LB [Civit and Marti 2004]. The number of all verb-noun pairs
extracted from Cast3LB was 5181. We constructed four test sets, including, respec-
tively, 100%, 75%, 50%, and 25% of all verb-noun pairs taken from Treebank Cast3LB.

Table 5. Partial representation of the lexical resource

LF/ Verb Noun
FWC/ VERB Sense NOUN Sense  FREQ
ERROR Number Number
Oper; dar 2 cuenta N/A 9236
CausFunco formar 2 parte 1 7454
Oper; tener 1 lugar 4 6680
Oper; tener 1 derecho 1 5255
CausFunc, hacer 2 falta N/A 4827
CausFunc, dar 9 lugar 4 4180
Opery hacer 15 referencia 2 3252
Funco hacer N/A  afio 2 3211
Oper; tener 1 problema 7 3075
Funco hacer N/A  tiempo 1 3059
IncepOper; tomar 4 decision 2 2781
Oper; tener 1 acceso 3 2773
Opery tener 1 razon 2 2768
CauszFunc [lamar 8 atencion 1 2698
Oper; tener 1 sentido 1 2563
ERROR haber ERROR estado ERROR 2430
FWC hacer 6 cosa 3 2374
Oper; tener 3 miedo 1 2226
ERROR haber ERROR hecho ERROR 2168
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We did not disambiguate verb-noun pairs for the test sets manually. Instead, for each
verb-noun, we built all possible verb-noun combinations of all senses in the Spanish
WordNet. As an example, let us consider the pair representar papel, lit. represent role.
The verb representar has 12 senses in the Spanish WordNet, and the noun papel, 5.
This gives totally 60 combinations of representar and papel (12 multiplied by 5). The
initial list for the test set included 5,181 verb-noun pairs, which resulted in totally
96,079 instances in the test set. A partial representation of the list is given in Fig. 3.

Table 6. Lexical functions with their respective frequency in corpus
and the number of instances in the list of verb-noun pairs

LF Freq # LF Freq #
Oper; 165319 280 PerfFunco 1293 1
FWC 70211 202 Caus;Oper; 1280 2
CausFuncs 45688 90 CausiFunc; 1085 3
CausFunco 40717 112 IncepFunco 1052 3
ERROR 26316 61 PermOper; 910 3
Real; 19191 61 CausManifFunco, 788 2
Funco 17393 25 CausMinusFuncy, 746 3
IncepOpery 11805 25  Opers 520 1
Oper; 8967 30  LiquFunco 514 2
CauszFunc; 8242 16 IncepReal; 437 2
ContOper; 5354 16  Reals 381 1
Manif 3339 13 PlusOper; 370 1
Copul 2345 9 CausPerfFunco 290 1
CausPlusFunce 2203 7 AntiReals 284 1
Func, 1848 4 MinusReal; 265 1
PerfOper; 1736 4 AntiPermOper; 258 1
CausPlusFunc; 1548 5 ManifFunco 240 1
Real; 1547 3 CausMinusFunc; 229 1
FinOper, 1476 6 FinFunco 178 1
v tener 1 n aire 11 n error 3
n aire 1 v tener 9 v salir 1
v tener 1 n aire 12 n error 4
n aire 2 v salir 1 v salir 1
... n error 1 n error 5
v tener 9 v salir 1 v salir 1
n aire 10 n error 2 n error 6
v tener 9 v salir 1

Fig. 3. A part of the list of verb-noun pairs used for building the test set.

4 A New Method of Meaning Representation

In this section, we present our novel method for representing the meaning of words
suitable for mining for lexical functions.
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4.1  Data Representation

Each verb-noun pair in the training set and in the test set is represented as a set of all
hypernyms of the noun and all hypernyms of the verb. The noun and the verb of the
verb-noun pair were considered as zero-level hypernyms and thus were included in the
set of hypernyms.

Hypernyms and Hyponyms

In linguistics, a hyponym is a word or phrase whose meaning is included within the
meaning of another word, its hypernym. To put it simpler, a hyponym shares a type-of
relationship with its hypernym. For example, restaurant, rest house, planetarium, ob-
servatory, packinghouse, outbuilding, Pentagon are all hyponyms of building (their hy-
pernym), which is, in turn, a hyponym of construction.

In computer science, the relationship of hypernymy is often termed an "is-a" rela-
tionship. For example, the phrase Restaurant is a building can be used to describe the
hyponymic relationship between restaurant and building.

Thus, hypernymy is the semantic relation in which one word is the hypernym of
another one.

Spanish WordNet as a Source of Hypernyms

The Spanish WordNet follows the EuroWordNet [Vossen 1998] framework and is
structured in the same way as the American WordNet for English [Miller 1998],
namely, in terms of synsets (sets of synonymous words) with basic semantic relations
between them.

Spanish nouns and verbs are organized into synonym sets, each representing one
underlying lexical concept. Different relations, for example, hypernym relations, link
the synonym sets.

Since all verbs and nouns have been disambiguated, hypernyms can be found for
each word that has been annotated with its sense of the Spanish WordNet [SpWN].
Hypernyms were extracted automatically from the database of the dictionary referenced
above. Fig. 4 and Fig. 5 display the interface of the Spanish WordNet as it is seen on
the web. In the interface, we see hypernyms of gato “cat”.

Hypernyms as a Meaning Representation

A difference between data representation in our experiments and data sets used in
[Wanner et al. 2006] should be noted here. In the paper just referenced, every word in
the training set was accompanied by its synonyms and hypernyms, its own Base Con-
cepts (BC) and the BCs of its hypernyms, its own Top Concepts (TC) and the TCs of
its hypernyms taken from the Spanish part of the EuroWordNet [Vossen 1998]. Unlike
those experiments, in our work for the sake of simplicity we included only hypernyms
in our training sets.

Though in this case the data is annotated with less information, i.e. only with hyper-
nyms, or in other words, only hypernyms are used to represent the meaning of verb-
noun pairs, we hope that hypernyms would be sufficient to distinguish between lexical
functions. Up to now, there has not been any research done that compares different data
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representations for the task of predicting lexical functions of verb-noun pairs. Here we
can remember the original intent of WordNet compilers [Miller 1998] who claimed that
the meaning of any word could be described sufficiently well for at least human under-
standing by semantic relations only, like “is-a-kind-of” semantic relation of hypernym
hierarchy.

Later, the authors of WordNet admitted that their previous assumption had been
wrong and glosses were added to distinguish synonym sets. Though practical signifi-
cance of glosses is generally accepted, we intent to study how well the meaning of
lexical functions can be distinguished if only hypernym information is taken into ac-
count.
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Further research is needed to investigate how information other that hypernym tax-
onomy, for example, that of semantic ontologies, changes the performance of machine
learning algorithms.

4.2 Linguistic Description of Training Sets and Test Sets

Lexical Functions Chosen for Experiments

Our choice of lexical functions depends on the number of examples that each lexical
function has in the lexical resource of Spanish lexical functions created by us and de-
scribed in Section 4.1. We have selected LFs that have the number of examples suffi-
cient for machine learning experiments. [Wanner 2004] and [Wanner et al.2006] ex-
perimented with the following number of LF examples: the biggest number of examples
that this researcher had in the training set was 87 for Oper; and the least number of
examples was 33 for Oper.

Table 7. Lexical functions chosen for the experiments

LF and # of Meanin Collocation: LF value + keyword
examples g Spanish English translation
Oper1 Lat. operare — ‘to do, | alcanzar un objetivo achieve a goal
280 perform’. Experience | aplicar una medida apply a measure
(if K is an emotion), corregir un error correct a mistake
carry out K. satisfacer una necesi- satisfy a necessity
dad
CausFunco Lat. causare — ‘to encontrar respuesta find an answer
112 cause’. Do something | establecer un sistema establish a system
so that K begins oc- hacer campafia produ- | conduct a campaign
curring. cir un efecto produce an effect
CausFuncy A person/object, dif- abrir camino open the way
90 ferent from the agent causar dafio cause damage
of K, does something | dar respuesta give an answer
so that K occurs and producir un cambio produce a change
has effect on the agent
of K.
Real: Lat. realis — ‘real’. To | contestar una pregunta | answer a question
61 fulfill the requirement | cumplir el requisito fulfill the requirement
of K, to act according | solucionar un pro- solve a problem
to K. blema use technology
utilizar la tecnologia
Funco Lat. functionare — ‘to | el tiempo pasa time flies
25 function’. K exists, hace un mes a month ago
takes place, occurs. una posibilidad cabe there is a possibility
la razon existe the reason exists
Oper2 Undergo K, be source | aprender una leccion learn a lesson
30 of K obtener una respuesta | get an answer
recibir ayuda receive help
sufrir un cambio suffer a change
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IncepOper: | Lat. incipere — ‘to adoptar una actitud take an attitude

25 begin’. Begin to do, cobrar importancia acquire importance
perform, experience, iniciar una sesion start a session
carry out K. tomar posicion obtain a position

ContOper: Lat. continuare — ‘to guardar silencio keep silence

16 continue’. Continue to | mantener el equilibrio | keep one’s balance
do, perform, experi- seguir un modelo follow an example
ence, carry out K. llevar una vida (ocu- lead a (busy) life

pada)

Table 7 presents LFs that we have chosen for our experiments. For each LF, we give
the number of examples, its meaning, and sample verb-noun combinations.

In the lexical resource, we have annotated free word combinations with the tag FWC.
The number of FWC is 261. We considered free word combinations as a lexical func-
tion FWC in its own right and experimented how machine-learning algorithms can pre-
dict this class of word combinations. Therefore, the total number of LFs we experi-
mented with is nine.

Remember, that in the training set and test set, each verb-noun combination is rep-
resented as a set of all hypernyms of the noun and all hypernyms of the verb. To con-
struct this representation, the number of sense for every verb and noun must be identi-
fied. However, sometimes, an appropriate sense was absent in the Spanish WordNet.
Such words were tagged with abbreviation N/A (not available) instead of the number
of word sense. In the training set, we included only verb-noun combinations that are
disambiguated with word senses of the Spanish WordNet. In Table 8, the numbers of
examples include only the verb-noun pairs in which all the words are disambiguated
with the Spanish WordNet.

Table 8. Number of verb-noun combination in the test sets

Test Number of
set  verb-noun combinations
100% 5181
75% 3886
50% 2590
25% 1295

The total number of examples for all 9 lexical functions is 900.

Training Sets

For each of 9 LF chosen for experiments, we built a training set, so we had 9 training
sets. All training sets included the same list of 900 verb-noun combinations. The only
difference between training sets was the annotation of examples as positive and nega-
tive. As an example, let us consider the training set for Opers. In the list of 900 verb-
noun pairs, there are 266 examples of Operi, so these examples are marked as positive
in the training set, and all the rest of verb-noun combinations whose number is 634 (900
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— 266 = 634) were marked as negative examples. This procedure was applied to each
training set.

Test Sets

The test sets were built independently of the training set. For this, 5181 verb-noun com-
binations for the test set were extracted from the Spanish Treebank Cast3LB [Civit and
Marti 2004]. Four test sets were constructed, including, respectively, 100%, 75%, 50%,
and 25% of all verb-noun pairs taken from Treebank Cast3LB. Words in the test set
were not annotated with lexical functions. Table 9 gives the number of verb-noun pairs
in all four test sets.

5 Conclusions

Lexical functions represent important linguistic information. Their understanding is im-
portant for correct interpretation of texts by a person or a computer. However, manual
compilation of the corresponding dictionaries is a tedious and costly work. What is
more, as any linguistic phenomenon, they depend on language, thematic domain, and
genre, and they can change with time.

Automatic acquisition of lexical functions from unstructured raw texts greatly alle-
viates the problem of compilation of combinatorial dictionaries and in particular dic-
tionaries of lexical functions. In this paper, we have presented a detailed discussion of
the very notion of collocation and a review of existing approaches to automatic acqui-
sition of lexical functions. Then we presented our methodology for representing the
meaning of words via sets of direct and indirect hypernyms. Such a representation is
particularly useful for automatic extraction of lexical functions from unprepared raw
text corpora.

In our future work, we will apply this semantic representation to actual compilation
of large dictionaries of lexical functions via supervised learning of semantic similarity
measure between words.
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Abstract. We propose a procedure for measuring semantic relatedness of
two words using an ontology, or semantic network dictionary. We discuss
applications of this procedure in detail for lexical, syntactical, and co-
reference disambiguation in natural language processing as well as in ma-
chine translation. In addition, we use a simplified version of this proce-
dure for automatic translation of the semantic network itself into other
languages. This simplifies creation and maintenance of semantic network
dictionaries for different languages, thus enabling the described methods
for processing of texts in languages other than English.

Keywords. Natural language processing, text processing, syntactic analy-
sis, disambiguation, semantic network.

1 Introduction

Natural language processing is a branch of Artificial Intelligence and Computa-
tional Linguistics that studies methodologies and algorithms for automatic anal-
ysis of natural language, in the form of text or speech, and applications of lin-
guistic processing of texts to many tasks important in practice.

Among various problems that arise in such automatic processing is the prob-
lem of ambiguity: the algorithm should make a choice between two or several
possible variants of interpretation of the same linguistic unit, such as a word or
syntactic dependency in a sentence. A promising way of resolving such ambigu-
ities is to select the interpretation most consistent with the context. A specific
notion of consistency is given by a so-called semantic relatedness measure: a
numerical measure between the given unit (say, a word) and similar units locat-
ed nearby in the text. Given a suitable semantic relatedness measure, the algo-
rithm should measure the relatedness between all variants of interpretation of
the given unit and all units in its vicinity and select the one that on average
gives the best result (the strongest relationship).

Thus, the study of disambiguation methodologies can be largely reduced to
the study of different definitions of semantic relatedness measures, and suitabil-
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ity for a particular task, and their calculation basing on the available lexical
resources. In this paper, we describe a particular semantic relatedness measure
calculated using a semantic network dictionary such as WordNet [Miller, 1990]
or FACTOTUM SemNet [Bolshakov et al., 1995b].

1.1 The curse of ambiguity

Probably the most difficult problem that nearly any algorithm dealing with the
natural language faces is the curse of ambiguity. Be it just one word, or a
phrase, or a text, very often there are several possible interpretations of what it
means or what structure it has. We consider ambiguity resolution at all language
levels the most important problem of natural language processing. To resolve
the ambiguity, in much larger number of cases than it seems at the first glance,
complicated reasoning or deep knowledge is necessary, often of semantic,
pragmatic, or extra-linguistic nature.

A large number of works on ambiguity resolution employ manually crafted
marked up text corpora, dictionaries [Luk, 1995], thesauri [Yarowsky, 1992],
semantic networks [Sussna, 1993; Voorhees, 1993], or a combination of such
lexical information sources [Yarowsky, 1995]. Still the problem is far from
being satisfactorily solved.

In an ideal case, ambiguity resolution should be a side effect of some kind of
“understanding,” by which we mean construction of some detailed model of the
whole situation described in the text and embedding it in the world model based
on pre-existing knowledge, experience, or other texts read. The “true” linguistic
knowledge, mostly lexical, ideally should be stored in vast dictionaries, such as
combinatory dictionaries developed in frame of the Meaning < Text theory
[Mel’cuk, 1974; Steel, 1990], or programmed in sophisticated procedures, such
as in the Word Expert Parser model [Berleant and Daniel, 1995]. However,
either manual or automatic compilation of such resources is extremely labor
consuming and is hardly affordable in the nearest decades. On the other hand,
such “true understanding” is too demanding computationally to be considered
now; what is more, there seems to exist evidence that such a way is too compu-
tationally demanding even for human brain.

A way that is less computationally demanding is to use some pre-constructed
pieces of “typical” situations and first of all to check the ambiguous construc-
tions against them, addressing to a deeper analysis only when the choice cannot
be made with simpler processing. Such pre-constructed pieces of information
can be of different nature, such as syntagmatic, semantic, pragmatic, etc.

For instance, syntagmatic patterns could be represented by frequently used or
“meaningful” word combinations, such as take a bus, take a pen, as opposed to
*take weather [Bolshakov et al., 1995a]. Such a simplified set of syntagmatic
patterns can be used (and probably is used by a human) in syntactic analysis
instead of the much more expensive “true understanding.”

In a similar manner, instead of a computationally demanding reasoning, a set
of simplified “typical” semantic patterns can be used for disambiguation. Such
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semantic patters could describe some atomic pieces of typical situations involv-
ing the words of the text. One of the form of representation of such knowledge
is a semantic network, a set of semantic relationships between words in their
specific senses.

1.2 Applications of semantic relatedness measures

This measure of relatedness is useful for resolving ambiguities of different
types as well as for related tasks such as automatic translation of texts or even
dictionaries. For instance, to resolve syntactic ambiguity, a variant of parsing
should be chosen in which syntactically related words are more closely related
semantically. To resolve lexical ambiguity between word senses in a context,
the lexical variant should be chosen that is most closely related to the global or
local topic of the document, or to the nearest words in the context [Banerjee and
Pedersen, 2002; Patwardhan et al. 2003].

Similarly, to resolve referential ambiguity, the closest candidate is chosen to
the words in the local context. In text translation, if the homonyms are not
separated in the bilingual dictionary used for translation, the procedure of lexi-
cal disambiguation can be applied in the target language at the stage of text
generation. Finally, in translation of dictionaries including the semantic net-
work itself, lexical disambiguation can be performed on the reverse translation
of the results back to the source language.

Various semantic relatedness measures have been proposed [Budanitsky and
Hirst, 2001]; some of them are implemented in the freely available Word-
Net::Similarity package [Pedersen et al., 2004]. In this paper, we show how a
semantic network dictionary can be used to measure the degree of semantic
relatedness in a typical context between two given words [Gelbukh 1998].

The paper is organized as follows. In Section 2, we discuss a methodology
for distance measurement in a semantic network. In Section 3, we present the
applications of this methodology in various tasks related to computational lin-
guistics and natural language processing. In Section 4, we discuss computation-
al aspects of our methodology. Finally, Section 5 concludes the paper.

2 Distance measurements in a semantic network

In this section, we discuss the basic notions of measuring the semantic distances
between two given words. The specific algorithms are given in the last section
of the paper.

2.1 The structure of a semantic network dictionary

In our research, we used the FACTOTUM SemNet semantic network dictionary
[Bolshakov et al., 1995b]. It is an English dictionary, though below we describe
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how to use it for other languages, our target language being Spanish. There ex-
ist other semantic networks—most notably WordNet [Miller, 1990], which has
been widely used for natural language processing because of its availability; a
Spanish version is available in frame of European WordNet project. SemNet,
however, has a larger number of types and a more flexible representation of
semantic relationships, making it more suitable for natural language processing
applications. However, our methodology can be applied to WordNet, too.

In its logical structure, the SemNet dictionary is a set of so-called relation-
ships between pairs of concepts (in rare cases between sets, here we omit the
corresponding details for simplicity).

In SemNet, a concept is usually a word, e.g., book, or a word combination,
e.g., address book, referring to a specific thing or idea. In most cases textual
words have several meanings; in this case they are marked with different num-
bers, e.g., bill; (banknote), versus bill, (check), bill; (declaration), bills (pike),
or bills (ax). Often such word senses have different translations to other lan-
guages: in Spanish, bill, is billete, bill, is cuenta, bills is declaracion, bills is
pico, and bills is hacha.

All such senses of any word, even closely related ones, have different identi-
fication numbers in the dictionary, are located at different positions, and often
have different sets of relationships to other words; if needed, they can be con-
nected with each other explicitly by a relationship. Thus, one word (character
string) can represent different concepts.

In turn, one concept can be represented by several words. In this case, they
are considered synonymous in these particular meanings, and are listed together
in a synset to represent and disambiguate the concept, e.g., {billi, note, bank-
note}. Thus, generally by a concept we always mean a group of synonymous
word senses. However, for convenience we name the concepts with just one of
the words of the synset.

Relationships are used to connect two (or, rarely, more) concepts. They are
labeled with different type names, such as IS_A, USES, CAUSES, etc. A rela-
tionship can be viewed as a simple statement expressing a “typical” fact, e.g.,
computer IS A equipment, explosion CAUSES damage. There are some attrib-
utes, or properties, of individual relationships, like MAYBE, USUALLY,
RARELY, etc., e.g., seeing MAYBE USES telescope. For human convenience,
there are different ways to express the same fact in the SemNet dictionary, e.g.,
telescope IS USED FOR seeing, though all such expressions can be formally
converted to a common internal representation. A fragment of such a network is
shown in the Fig. 1. In this example, we can see that a telescope is a tool to see,
an animal can have an object, etc.

In the human-readable form of the dictionary, the most extensive set of rela-
tionships—namely, most of the IS _A relationships—is represented implicitly by
placing the concepts in hierarchical order in the dictionary. This does not imply
that a concept may not be a subtype of several concepts, for example, a gir/
IS A child and IS_A female; in this case, one of the relationships is indicated in
the dictionary explicitly.
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action object
IS,V
CAN HAVE
device
IS_A
IS_AT IS_A
telescope

perception IS _ABLE

animal
IS_A IS_A
IS_USED_FOR
IS_A
listening seeing
cat

Fig. 1. A fragment of a semantic network.

Many possible relationships can be easily inferred by some general rules
from other relationships; e.g., transitive relationships like IS A and
IS PART OF: if a IS PART OF b and b IS PART OF ¢, then a
IS PART_OF c. In such cases, only some of the relationships—the immediate
ones—are explicitly included in the dictionary, to keep its size maintainable,
e.g., car HAS PART motor and motor HAS PART screw implies car
HAS PART screw.

Other rules of inference involve particular relationships or groups of relation-
ships. E.g., the most obvious one is that if ¢ IS A4 b and b R ¢, then a R ¢, where
R is any relationship. In some cases, such inheritance of characteristics from
higher categories is defeasible, i.e., it may be blocked explicitly by a special
notation in the definition of a concept, or it may be canceled where contradicto-
ry information is inherited from more than one higher node.

2.2 Paths in the semantic network

The semantic network can be viewed as a graph. A path in such a graph is a
chain of relationships ri, ..., r, such that »; and 7;+; have exactly one common
word, i =1, ..., n — 1. If a word A is the beginning of the path and the word B is
its end, we say that the path leads from A to B. There are several reasons to use
paths for measuring the semantic closeness of words in the network.

First, since some of the relationships are present in the network only implicit-
ly and can be inferred by application of the inference rules, a problem arises of
generating all the relationships, including the implicit ones, between, say, two
given words. The problem can be formulated as enumerating all the network
paths with some special condition that lead from one given word to another.

Second, in some cases important commonality between words may not be
expressed in terms of any existing named type of relationship. E.g., on Fig. 1, it
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can be seen that “a cat CAN HAVE something that IS USED FOR seeing.”
There is no named type of relationship expressing this fact, so we have to repre-
sent the commonality between these two words by just a path of the two rela-
tionships.

Third, some rules of inference may have fuzzy character, being rather com-
mon-sense observations. Therefore, applying too many rules can make the re-
sult less reliable. In some cases, we can express this loss of reliability by adding
the MAYBE attribute to the resulting inferred relationship, though in general
case we should use some kind of lengths, or weights, of relationships and paths,
as described below.

Finally, some participants of the situation described in the text may not be
mentioned explicitly. E.g., in the phrase “The seller asked the buyer for too high
price” there may be no explicit relationship in the dictionary between the words
seller and buyer, though the relationship between them can be found through
the implied actant, goods: buyer CONSUMES goods HAS SOURCE seller, a
path of two relationships.

2.3 Lengths of the relationships and paths

In general, we need to assign some weight, or “length,” to each relationship and
calculate the “length” of a path based not just on the number of links in it, but
also on their individual lengths. This value gives the quantitative estimation of
how closely related are the two given words, while the path itself with the la-
beled links gives the qualitative estimation of exactly how the two given words
are related.

For explicit relationships, such a length can reflect the degree of the im-
portance of the relationship, e.g., IS_A relationships indicate that the words are
close and probably substitutable for each other in most contexts. On the other
hand, CONSUMES relationship reflects much less degree of closeness, i.e., it is
“longer.”

For inferred relationships, their lengths can depend on the kind of relation-
ships involved in the logical inference (i.e., be an attribute of the corresponding
rule) and on the length of the logical chain. E.g., many applications of the tran-
sitivity rule for IS_A relationships can increase the length of the resulting IS A
relationship. In Fig. 1, it is true but “less reliable” that cat CAN HAVE tele-
scope, due to too many applications of IS_A transitivity rule. The fuzzy charac-
ter of the inference rules is obvious for such relationships as IS SIMILAR TO,
which is “to some degree” transitive.

For a path, its length should increase with the total length of the constituting
links. The longer the path between two words, the less semantically related they
are.

An easy way to assign the lengths to the links is to relate a specific length
value to each type of the links, e.g., 1 to IS A, 5 to SIMILAR TO, and 20 to
CAUSED BY. Such assignment may be context-dependent or may vary ac-
cording to the type of information being retrieved from the text. E.g., in a text
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with the principal topic “toys” the relationship SIMILAR APPEARANCE can
be more important than in a text with another principal topic. We leave such
considerations for the future.

Sometimes it might be desirable to assign a length to individual links or
groups of links. Ideally, each individual link should have some specific length
expressing the degree of commonality between the two specific words. Assign-
ment of these values hardly can be done by hand; instead, some procedure for
training on a large corpus might be used in the future. There are cases, though,
when additional individual coefficients can be assigned automatically.

For instance, special precautions are to be taken in order to prevent the algo-
rithm from abuse of hierarchical links like IS A. Namely, any concept referring
to an object IS A object: car IS _A object, book 1S_A object. Thus, any two
objects are connected with a path of two (usually implicit) links: car IS _A ob-
ject HAS SUBTYPE book, which normally should not imply a great degree of
commonality between them. On the other hand, in some cases a path of two
IS_A relationships does imply commonality: Ford IS A car HAS SUBTYPE
BMW.

This problem is already mitigated by assigning to the implicit relationship a
greater length (corresponding to a weaker relationship) than the length of an
explicit relationship, when the implicit relationship is computed by application
of the inference rules. However, the precision of the procedure can be improved
by assigning the greater length to the hierarchical links located near the top of
the hierarchy, thus, the length of the link thing IS A object is more than that of
the link Ford IS_A car. Namely, on the stage of preparation of the relationships
database, the maximum number of links is determined from each node to the top
of the hierarchy, and the links leading to this node are scaled correspondingly.

For example, in Fig. 2, the distance between Ford and linguist is much great-
er than between Ford and BMW, though both ones are subtypes of object. The
distance between car and book is greater than the distance between Ford and
BMW, though in both pairs there are exactly two explicit links between the
nodes.

2.4 Shortest paths problem

To determine the semantic distance between two words, the shortest possible
path in the network is to be found; its length can be used as an estimation of the
degree of their semantic nearness. Since not all paths can be acceptable in a
specific context, in some, and supposedly many, cases the next, then next, etc.,
shortest path should be used to determine the measure of the semantic distance
between two words in a specific context. E.g., if the context suggests that the
possible relationship between the two words is USES (expressed by the preposi-
tion with), then even a shorter relationship of the type IS _A cannot be used as a
measure of closeness between these words in this context.
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Object

Greater
length

Thing Animal

Smaller length

Car Human

Ford Linguist

Fig. 2. Different lengths of hierarchical links.

The curse of ambiguity manifests itself in the full degree in the task of find-
ing such paths. There is virtually infinite number of paths in the network, con-
necting the two given words. The computational aspects of the problem of find-
ing the shortest path are discussed in the last section of the article; here it is
enough to mention that the problem has well-known solutions and the only
mathematical issue is computational efficiency. Thus, we will first discuss the
linguistic applications of such an algorithm, assuming that it operates on a large
enough semantic network dictionary.

3 Applications in computational linguistics tasks

Finding the shortest paths in the semantic network between two given concepts
and measuring their relatedness in the network in a specific context has numer-
ous applications for disambiguation in language processing and automatic trans-
lation. Note that in practice one can adopt a methodology where different
sources of evidence and measures of semantic relatedness “vote” for the final
decision; here we propose one of such “voters.”

3.1 Syntactical disambiguation

Consider a phrase “John sees a cat with a telescope.” The phrase is syntactical-
ly ambiguous: does it mean ‘John uses a telescope to see a cat’ or ‘John sees a
cat that has a telescope,” or ‘John sees a cat and a telescope,” or maybe ‘John
that has a telescope sees a cat,” etc.? This ambiguity cannot be resolved using
only lexical or syntactical information, since all the interpretations are syntacti-
cally plausible.

Most methods employed currently for solving this ambiguity, such as proba-
bilistic grammars, rely on supervised machine learning to learn probabilities of
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different syntactic links, or, in the case of lexicalized grammars, the probabili-
ties of combining specific words. With this information, a parse variant that
contains most probable links is preferred to other variants and is chosen as the
output of the parser.

While such methods give excellent results, they have certain disadvantages.
The first disadvantage that we can mention here is the need in manually marked
up corpora, called treebanks. Such corpora are expensive in development, and
they do not yet exist for all languages; in fact, such corpora of considerable size
exist only for a few major languages.

Another important disadvantage of statistical methods for this task is the data
sparseness effect: while such training corpora have plenty of examples for fre-
quent phenomena, due to the Zipf distribution law they lack a reliable number
of examples for less frequent cases. In contrast, manually crafted linguistic re-
sources tend to pay attention to linguistic phenomena irrespectively of their
frequency, and thus provide information for both frequent and infrequent usage
cases.

Therefore, in this paper we will assume so-called symbolic approach, in con-
trast to more widespread statistical approach. The symbolic approach relies on
manually crafted dictionaries and grammars. In particular, it allows for exploit-
ing existing lexical resources and dictionaries, including those created in pre-
computer era for the use of human readers and not automatic procedures. The
dictionary we used for this work, FACTOTUM SemNet, is based on the classi-
cal Roget thesaurus, which to some degree guarantees high quality of the infor-
mation it contains.

In Fig. 3, the first two of abovementioned variants for the analysis of the
phrase “John sees a cat with a telescope” are presented. The syntactic depend-
encies in question are see — telescope and cat — telescope;, what are the se-
mantic relationships between these words? There is a relatively short path be-
tween seeing and telescope in the semantic network dictionary. What is more,
we can note that the type of the relationship(s) constituting this path agrees with
the supposed instrumental syntactic relationship between these words in the
phrase.

On the other hand, the best path between any sense of cat and telescope that
agrees with the type of the supposed syntactic dependency is much longer.
Thus, the variant (1) should be chosen here. This, though, should not prevent
the linguistic processor from being able to backtrack and revise this decision
later if the subsequent sentences disagree with this choice.

Sometimes just the quantitative measure of the nearness (the weighted length
of the path) can be used for comparison. However, for better quality of analysis
the whole path should be checked against the expected syntactical type of the
relationship. E.g., in a phrase “John sees a cat with a boy” there is a short path
between seeing and boy: boy IS _ABLE see, but the type of the relationship con-
tradicts with the hypothesis that boy here is a tool to see with. This is why the
procedure for finding the paths should be able to enumerate the paths until an
acceptable one is found.
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Fig. 3. Example of syntactic disambiguation process.

3.2 Lexical disambiguation

Ambiguity also arises in selection of a particular sense of a word in a phrase.
Sometimes they can be resolved at syntactic level, usually when the choice is
made between different parts of speech, e.g., in the phrase “John tables the
dishes” the word tables is clearly a verb. However, in many cases, especially
when a word has different meanings within the same part of speech, semantic
information has to be employed.

Compare, for example, the phrases “There were fruits and drinks on the ta-
ble” and “The numbers were arranged in a table.” By addressing a semantic
network, it can be determined that in the first phrase the shortest path exists
between other words and the sense ‘table as a furniture,” while in the second
phrase, the shortest path leads from numbers to ‘table as a picture.’

It is not as clear as it is with syntactic ambiguity, with what words in the
phrase the given word is to be compared. Good candidates can be words close
in the syntactical structure to the given one. Other good candidates are the
words describing the main global or local topics of the document. For example,
if the document in general is on mathematics, the word table will likely be used
in it as ‘table as a picture,” even if the nearest words do not suggest this directly.

Local and global topics of the document can be determined with the approach
called CLASITEX [Guzman-Arenas, 1997]. In this approach, all the textual
words of the document without any preliminary disambiguation are clustered
with the help of a semantic network dictionary. The centers of the largest clus-
ters represent the main topics of the document. The noise is canceled out since
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the wrong senses of the words form smaller clusters. This approach can be ap-
plied to a part of the document, revealing the local topics. These topics can also
be used in the disambiguation process: the distance is to be measured between
them and the current word being disambiguated.

Since in the process of disambiguation, many words or word senses (global
and local topics, surrounding words, etc.) possibly have to be tried and the re-
sults have to be accumulated, the procedure may be computationally demand-
ing. However, in comparison with, say, Word Expert Parser model [Small and
Rieger, 1982], our procedure requires easier available data and can be used in
frame of the traditional text processing algorithms.

3.3 Referential disambiguation

The problem of referential disambiguation arises each time a pronoun, ellipsis,
or zero subject (very common in such languages as Spanish) is used in the text.
In general, at the stage of text analysis such a reference must be replaced with
another word probably used somewhere in the text. Though there are linguistic
considerations on selecting the candidates to fill the valence, they usually give
ambiguous results when only lexical and syntactic information is considered.

However, it is possible to resolve this task into the task of lexical disambigu-
ation. Namely, when several candidates are to be tried to fill the valence, they
can be just treated as different “senses” of the pronoun in this particular context.
Then the procedure described in the previous section can be applied with nearly
no modifications. The only difference is that neither global nor local topics are
used in the comparison.

3.4 Machine translation

In general, text translation is a quite different task from text understanding. Ide-
ally, translation should include the steps of text understanding in the source
language and then text generating in the target language. If the ambiguity is
resolved at the stage of analysis, and if the bilingual dictionary is good enough,
there should be no problems with ambiguity during text generation. However, in
real life it is not the case, for both practical and theoretical reasons [Narin’yani,
1997].

In practice, less sophisticated methods are currently used, working mostly at
the syntactic level. Some of commercially available symbolic-based translation
systems distinguish the senses of the words only by a limited number of seman-
tic classes or by literal recognition of some number of idioms. E.g., this phrase
was translated from Spanish by Globalink’s Power Translator Professional: “FE!/
artista realiza bien el papel” = “The artist accomplishes well the paper” (in-
stead of role). This program, though, does distinguish these senses in some con-
texts: it seems to make choice based on literal recognition of the idiom “jugar
un papel,” e.g., “El diputado juega un papel importante” gives “The deputy
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plays a role important,” but: “El diputado juega el papel mas importante” gives
“The deputy plays the most important paper.” For good symbolic-based auto-
matic translation, there must be available (1) a good disambiguation procedure
in the source language, (2) a good bilingual dictionary that translates one-to-one
senses to senses, not textual words to sets of words. Both conditions are very
difficult to satisfy. For example, there might not be available a Spanish diction-
ary to disambiguate the two senses of the word papel.

In addition, the most elaborated up to date dictionaries, including academic
dictionaries, usually provide translations of a word into several possible words
in the target language, e.g.: “papel: paper; document; role; <...>” [Spanish-
English, 1963]. In this case, even if the senses have been disambiguated in the
source language, the dictionary anyway does not contain the information neces-
sary to translate them one-to-one into words of the target language.

Our methodology permits to disambiguate the words after translation in the
target language. As in the previous section, we can treat the ambiguous position
as a word with several “senses” and then apply the procedure of lexical disam-
biguation to the generated phrase in the target language.

For instance, in the example above, there is a shorter path in the English se-
mantic network between artist and role than between artist and paper or docu-
ment. This allows us to use a semantic network to improve the results of transla-
tion made with existing bilingual dictionaries, rather than developing new
sense-to-sense dictionaries, which are expensive to create and difficult to share
between different systems due to their tight integration with the other modules
of a linguistic processor.

3.5 Automatic translation of the semantic network

Our disambiguation procedure can be applied to automatic or semi-automatic
translation of the semantic network itself into other languages. Since we have
taken part in such a translation project (though the work was mainly done by
hand), we are aware of all the deficiencies of the very idea of translation of a
semantic network, and of low quality of the resulting dictionary [Bolshakov ez
al., 1995b]. Still there are at least three reasons to translate semantic networks.
First, creating a semantic network from zero is a very difficult and expensive
work. If the way the results are used is tolerant to the incompleteness and minor
inaccuracies, it may be more efficient to use a lower quality dictionary translat-
ed from an existing resource than to wait for a better dictionary to be created in
the far future. Actually, we believe that due to the nature of the functioning of
natural language, any language processing software must be tolerant enough to
incomplete and inaccurate information. However, since the semantic network
contains mostly the facts about real-world objects and ideas, and in part due to
commonality between the languages, most of the relationships tend to be trans-
lated correctly (though this may depend on the languages and subject area).
Second, the linguistic resources for such languages as English, French, Japa-
nese, etc., are maintained by many people and groups all over the world, with
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much money spent on their development, enlargement, and refinement. It would
be a waste of effort to repeat all this work in full size for each language. Thus
for groups that work on, say, Spanish language, to take advantage of the efforts
spent in the world on development of English semantic networks, it is necessary
not only to translate the first draft of the dictionary from English, but to be able
to repeat such translation automatically as new versions of the English diction-
aries become available. There is no need to mention that the existing machine
translation programs designed for translation of phrases in a discourse are not
appropriate to translate structured resources such as dictionaries; thus the neces-
sity to create specialized dictionary translation software.

Third, existing ontologies can be used, such as so-called T2 Reference On-
tology for English. Automatic or semi-automatic procedure for translation of
this resource can be very useful in maintaining compatibility between semantic
networks in different languages and the ANSI standard.

Details of the translation procedure are beyond the scope of this paper. Here
we only discuss the application of the procedure for enumerating the paths in
the network between two given points to the task of translation of the semantic
network itself. However, automatic translation of a semantic network faces the
same main problem: ambiguity. Each word in each its occurrence in the text of
the dictionary, presumably in different senses, is translated by an ordinary bi-
lingual dictionary to several different words of the target language.

The following procedure is proposed to choose the correct variant of the
translation, using the same (English in our case) semantic network. Each variant
of translation of a word is translated back to the source language. Then the dis-
tance in the source semantic network is measured between the source word and
each variant of such a reverse translation. The variant(s) of translation are cho-
sen, at least one of whose reverse translations is located near the source word
sense in the network, i.e., there is a “short” enough path from this variant to the
source word sense, see Fig. 4.

The copy of the source word is removed from the set of the reverse transla-
tions. Words having only one reverse translation, namely the same source word,
are treated as special cases. They are inserted in the resulting dictionary, and if
the source word has different senses, such words are marked when automatical-
ly inserted in the dictionary, and then checked by hand.

In theory, only the words with a reverse translation within the same concept,
i.e., at the zero distance from the source word, should be accepted. However, in
practice, a bilingual dictionary in most cases does not gives such accurate re-
sults; therefore, the paths of nonzero length should be taken into account.

For the set of the paths in the network to be considered, for each textual word
all its senses should be tried unless any disambiguating information is available
in the bilingual dictionary; usually it is not. The choice of the candidate is made
in two steps. First, the weights, i.e., the lengths of the corresponding paths, of
the reverse translations of each candidate are combined to calculate the weight
of the candidate itself. Second, the candidate(s) are chosen with the best such
weight.
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Fig. 4. Translation of a semantic network (two copies of the same network
are shown to simplify the picture)

Various procedures can be used for both calculations. To combine the
weights of the reverse translations for one candidate, in the simplest case a max-
imum (but not average) can be taken. In a more sophisticated procedure, the
values for all the reverse translations better than some threshold should be ac-
cumulated. To choose the acceptable candidates of translation, in the simplest
case only the best one is taken for each word, or all the candidates are accepted
that are better than some threshold value. More sophisticated procedures can
also be tried. For example, all candidates better than some threshold value
should be accepted, all candidates worse than some threshold value should be
rejected, or the best one should be chosen from those candidates whose weight
falls between these two thresholds. The obtained semantic network dictionary
may be then post-edited by hand. To be able to repeat the translation as new
versions of the source dictionary become available, the changes made by hand
should be saved in a special protocol.

As compared with the procedure of enumerating the paths used for text pro-
cessing, the procedure used for translation of the dictionary itself can be simpli-
fied by ignoring completely the inference rules, since in this case the meanings
should be preserved much more precisely. The length of the path can be calcu-
lated as just the number of links in it. This makes the implementation of the
procedure for translation much more straightforward than for text understand-
ing.

Inference rules can be used for better results. However, application of each
rule should substantially increment the length of the path. E.g., a chain of transi-
tive relationships like IS A should be considered long enough, whereas the
procedure used for text understanding would use the length near to 1 for such a
path. The choice here, as well as the selection of the thresholds mentioned
above, is made on the basis of desired compromise between the accuracy of the
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translation (less usage of inference, higher thresholds) and the number of words
that will get any translation at all (more usage of inference, lower thresholds).

Only basic relationships, such as IS _A and possibly IS PART_ OF and a few
other, should appear in the paths, but not such relationships as USES, etc.

4 Computational aspects

Here we describe the mathematical problem statement and possible algorithms
for its solution. Generally, a simple modification of Dijkstra’s shortest path-
finding algorithm [Dijkstra, 1959] could suffice, though we present a more so-
phisticated modification, adapted to large sparse networks.

4.1 Problem statement

Finding paths in the network is important for computational linguistic applica-
tions, primarily to measure the distance in the network between the two given
words in a specific context. Usually to measure such a distance in a specific
context, the shortest paths between the two points are to be found; however, it is
not always true that necessarily the very short, optimal, path should be found
first. There are several reasons for this.

First, there are many restrictions on suitability of particular types of paths in
a specific context. If, for example, the syntactic relationship between the two
given words suggests, say, instrumental relationship, then the semantic relation-
ships of any other types, even very short, are useless in this context. Such re-
strictions can be applied after the path is found in the network. Thus, it is prob-
able that the very short path will prove unusable in a specific context; in this
case, the next path should be retrieved and examined. Thus, there is no point to
apply a computationally demanding procedure to optimize completely the
search process.

Second, the rules for calculating the length of a path in a specific context can
be context-dependent and complicated. They may be better applied after the
path has been found. This problem is discussed in more detail below at the end
of this section.

Third, the low precision of all language data, including in the first place the
text itself being analyzed, but also the dictionaries, grammars, etc., makes very
precise procedures not so necessary. Everything in language is vague; any text
is full with hints, omissions, implied information, metaphors, rather than being
a collection of clear and simple logical statements. This makes too precise pro-
cedures of text processing in many cases useless.

On the other hand, since automatic procedures are applied to huge amounts
of texts, performance is important, as long as the result of the analysis fits in
the same confidence interval. Performance is especially important since the
procedure for semantic distance measurement is invoked very many times in
typical applications, such as referential disambiguation.
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Therefore, we can consider the following problem: to enumerate the paths in
a network between two given nodes, as a tendency starting from shorter ones,
under the following conditions:

— Various timeouts apply, e.g., a threshold on the length of the paths: only the
paths of the length less than a threshold value are considered.

— Computational effectiveness is a priority.

— Accuracy is the second priority. Better paths should go first, but only on
average.

— The network is large and stored in a database, so that retrieval of the links
leading from a given point is the most time-consuming operation.

At each step, we estimate—again, with some probability—the lower limit of
the length of the paths the procedure can find yet. The importance of this latter
requirement will be discussed below. We suppose that the calling routine at
some will moment stop the enumerating process, or some kind of time-out is
used to prevent the algorithm from infinite work, such as a restriction on the
number of paths, or on their lengths, so that if the procedure cannot find any
paths shorter than some threshold, it should stop. In addition, some qualitative
restrictions may be imposed on the desirable paths, e.g., not to contain a par-
ticular relationship.

The problem is very similar to the well-known problem of finding the short-
est paths in sparse graphs, e.g., [Shier, 1976; Johnson, 1977; Minieka, 1978].
However, there are some differences in the goals and conditions with the classi-
cal problems of optimization. The main differences between the two problems
are summarized in Table 1.

Table 1. Comparison of the considered problem and the classical one.

Classical Optimization Our problem
There are no restrictions on the length | Only the paths shorter than some
of the path. threshold value (i.e., short enough ones)

are considered.

Only one path is searched for (in|Paths must be enumerated until the
some variants K paths). caller “accepts” one.

The very best path must be found. Better paths should generally go first,
but not necessarily the very best one is
to be the first.

The length of a path is a mere sum of | The length is calculated according to
the lengths, or weights, of the indi- |the fuzzy rules of combination of the

vidual links. relationships.

No previously prepared data is usual- | Some data can be prepared in the data-
ly used. base in advance.

The graph is small enough to be kept | The graph is very big and is stored on
in memory. the hard disk.
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By better paths, in Table 1 we mean the ones with smaller length, which usu-
ally means ones that contain fewer links or links with smaller lengths. This
measure is computed as a combination of the lengths of individual links, with
application of, or taking into account, the rules of inference. E.g., a chain of five
IS A relationships may be considered “shorter” than a chain of two
IS SIMILAR TO relationships. In general, such an estimation is a complex
problem by itself, and we will not describe it here in more detail.

The measure of length used by the algorithm can differ from the measure that
is used by the calling procedure, the latter being probably calculated or refined
by the caller itself with the application of some specific, possibly complex,
rules, for example, making use of the logical structure of the situation described
in the text itself.

This difference arises from our intention to separate the information internal
to the semantic network from the information used in various applications, and
to provide a general procedure (probably implemented as a separate module)
that permits the caller to treat the semantic network as a black box. However,
some minimal adjustments of the procedure will anyway be necessary for some
applications; they are discussed below in the sections devoted to the corre-
sponding applications.

We assume, therefore, that the algorithm should find the paths just good in
some general meaning, and the caller will check if the path is in fact good for it,
though the “generally good” paths should be usually good enough for the caller.

Therefore, the algorithm should not even try to optimize completely the
enumerating process, since anyway chances are little that the very best in gen-
eral sense path will be the very best for the caller, and we expect usually it will
not. This changes the approach to the algorithm as compared with the classical
optimization problems.

4.2 Algorithms

While there is extensive research devoted to the shortest paths problem, we are
not aware of any known algorithm for solving exactly our task. It is not our goal
in this paper to propose a mathematically refined algorithm, since at the current
stage of the research we are mostly interested in the linguistic applications of
the idea itself. However, we describe here some variants of the algorithms we
currently use.

4.2.1 The case of equal lengths of the links

Here we consider a non-weighted graph. A simple algorithm of enumerating all
the paths, a modification of Dijksatra’s one, is as follows. Define a sphere
S, (A) around the point A as the set, actually a tree, of all the paths of the length
r leading from the point A. (Each path in the tree is compactly represented by
the ending point, additional characteristics such as the length, and a pointer to
the previous path in the tree. When a new path is formed by adding one link to
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the previous one, only such a data structure is to be created in memory.) Since
we consider here the length of each link in the network to be just 1, the radii of
the spheres are natural numbers; we can also consider Sy (A) being the empty
path, i.e., the point A itself. We call the set of ends of all the paths of the sphere
S (A) its surface.

The next sphere S;+1 (A) can be formed by adding to S; (A) each link leading
from each its surface point. If necessary, obvious precautions can be taken to
prevent the paths being formed from cycles, at least from the cycles formed by
two copies of the same link passed in the opposite directions; this can be done
by comparison of the link being added to a path with the immediately previous
link in the path. Other types of cycles in a sparse network usually do not present
much problems for our task.

The algorithm alternates between increasing the spheres S (A) and S (B),
starting from, say, S (A). At each step, the intersection of the surfaces of the
spheres S; (A) and S; (B), j =i or j=i— 1, gives the paths of the length i + .
This algorithm enumerates all the paths between A and B, starting from the
shortest ones.

In case of an oriented graph, when only the oriented paths from A to B are to
be found, a simple modification of this algorithm can be used. The sphere
S*i+1 (A) should be formed only with the links leading from the points of
S*; (A), while the sphere S7;+1 (B) should be formed only with the links leading
to the points of S7; (B). If the paths both from A to B and from B to A are to be
found, two spheres S™ and S~ are maintained for A and B, consisting of the links
leading to and from the points, correspondingly. If there are other restrictions
on the types of the paths, they also can be taken into consideration at the step of
increasing the spheres.

4.2.2 Different lengths and inference rules

The algorithm described in the previous section can be generalized to the case
of weighted graphs. We consider here a modification that not always gives the
shortest paths first, but does so as a tendency. This algorithm can be easily
modified to enumerate the paths in the proper order, but with slightly lower
efficiency.

In this algorithm, the sets of paths, which we will still call spheres, actually
are not spheres, i.e., the paths in such “spheres” do not have the same lengths.
We define these spheres just recursively, the sphere S;+; (A) being formed by
adding to S; (A) all the links leading from some of its surface points (we chose
to add all the links here since the operation of retrieval of the links is the most
time-consuming). In this case, not all the surface points of S; (A) are expanded,
instead, expanded are only the paths, usually one path, with the minimal length
among all the paths of S; (A). The surface of Si+1 (A) is defined by replacing the
expanded points of the surface of S; (A) with the ends of the newly added links.

Similarly, the spheres S (A) and S (B) are increased in turn, and the intersec-
tion of their surfaces gives the different paths between A and B. It is easy to
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prove that this algorithm enumerates all the paths. Namely, let us call the mini-
mal length of a path in the sphere its minimal radius. Each step of the algorithm
increases the minimal radius of one sphere, and if the current minimal radii of
S (A) and S (B) are 1 and r», then all the paths with the lengths of »; + > have
been already enumerated by this moment.

Our algorithm does not enumerate the paths in the exact order of their length.
A counter-example can be constructed when two points are connected by two
long links (thus the length of the path is large) and, in addition, are connected
by three short links (so that the length of the resulting path is small). In this
case, the algorithm finds the former path first, while the latter path is shorter.

However, generally it tends to enumerate the shorter paths before the longer
ones. It is possible to store the found paths temporarily without reporting them
to the output, until the value »; + r; reaches the length of a temporarily stored
path. With this modification, the algorithm will enumerate the paths in the
proper order. However, for our goals we chose to use the path as soon as the
algorithm finds it.

The inference rules and the rules for determining the lengths of different
combinations of the relationships can be taken into account at the step of in-
creasing the spheres and at the step of determining the intersection of the
spheres. Namely, when a link is added to the path, the length of the path being
formed is determined accordingly to the rules of combination of links. Similar-
ly, when a complete path between A and B is formed by connecting together
two paths, one of S (A) and another of S (B), the length of the combination may
differ from the sum of the length of the two paths. This contributes in the lack
of order in enumeration process. However, the shorter paths still tend to be
enumerated before the longer ones.

4.2.3. Use of pre-calculated data

If the network is not a small world graph, the methods described above are good
only to find short enough paths, since spheres of big radii are too large. In prac-
tice, it may not be a problem if only short paths are important for the applica-
tions.

However, if longer paths are required, an additional network of “pivot nodes”
with pre-calculated information about their connections with each other may be
used. This is similar to the idea of a cellular telephone system, where two
phones, instead of communicating with each other, communicate with nearby
nodes of a dense enough network, while those nodes can then communicate
with each other in a predefined manner.

For this, at the stage of preparation of the database, nodes are added, or exist-
ing nodes are used, at nearly equal distances from each other and not further
than some threshold distance from any node in the network. The number of
such control nodes should be much less than the total number of nodes in the
network. Information is stored with those nodes to help finding the paths lead-
ing from each of them to each another. To find a path from an arbitrary point A
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in the network to another point B, first, the paths from each one of these points
to the nearest pivot node are determined using the method of increasing spheres
described above. Then, the path between the control nodes is retrieved from the
database. Finally, the complete resulting path can be varied or optimized locally
around the retrieved one.

4.2.4. Multiple comparisons

Sometimes not only the distance between two given nodes is to be determined.
Instead, the questions to be answered are as follows: (1) which point in some set
of points is the nearest to a given one, or (2) what are the two nearest points in a
two given sets. These problems arise in disambiguation of the binding of a
prepositional phrase and in referential disambiguation, correspondingly.

A simple modification of our algorithm allows us to take advantage of alter-
nating between increasing the spheres in turn and of using the same sphere to
determine the distances from the given point A to each of the points By, ..., B.
All the spheres are increased, each one in its turn. Suppose we find at least one
path between A and, say, B such that its length is smaller than the sum of the
minimal radii of the spheres S (A) and S (B:), and no shorter paths have yet
been found between A and B». Then the distance between A and B, is smaller
than the distance between A and B,. Note that since the paths are retrieved not
in a completely precise order, the check against the minimal radii is important.

Given the complicated rules of link combination, the latter criterion is not
precise, since the length of a path can be different from the sum of the lengths
of its parts. Currently, we ignore this complication, since we consider the loss
of precision to be less than normal fuzziness of all data related to natural lan-
guage. In case of serious problems arising in understanding of a particular
phrase, backtracking can be used later to calculate the distances in question
more precisely.

5 Conclusions

A number of semantic network dictionaries and ontologies are available nowa-
days, mostly for English language, such as WordNet or the FACTOTUM Sem-
Net dictionary.

We have presented in this paper a simple procedure, namely the search for
the shortest paths in a sparse network, that can be used for determining the
measure of semantic relatedness of two given word senses in a very large se-
mantic network. This measure is useful for disambiguation in a variety of im-
portant tasks of natural language processing, such as lexical, syntactic, and ref-
erential disambiguation, as well as in text generation and machine translation.

In addition, this procedure can be used to translate automatically the semantic
network dictionary itself into other languages. This makes our methods usable
for processing of languages other than English. This also simplifies creation and
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maintenance of semantic network dictionaries for these languages. What is
more, such automatic translation of a semantic network will be useful in devel-
opment and maintenance of semantic networks in languages other than English,
which would conform to the ANSI Standard Ontology (T2).

In our future work, we plan to consider more detailed information for syntac-
tic disambiguation that can be extracted from existing dictionaries [Castro-
Sanchez and Sidorov, 2012]. We also plan to combine methods for improving
the translation results developed in this paper with statistical methods based on
alignment of parallel bilingual text corpora [Sidorov et al., 2011].
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Resumen. La ambigiiedad seméntica es un problema que se presenta en todos
los lenguajes naturales. Podriamos decir que para los seres humanos la ambi-
gliedad en el lenguaje pasa desapercibida, debido a que la resolvemos casi in-
conscientemente utilizando la realidad en que vivimos, el contexto y el conoci-
miento que poseemos sobre algunos temas. Pero para las computadoras no es
asi. En el area de procesamiento de lenguaje natural, la tarea de desambiguacion
de sentidos de palabras es el problema de seleccionar un sentido, de un conjunto
de posibilidades predefinidas, para una palabra dada en un texto o discurso. La
desambiguacion del sentido de las palabras, es considerada como uno de los
problemas més importantes de investigacion en el procesamiento del lenguaje
natural. Es esencial para las aplicaciones que requieren la comprension del len-
guaje, como la comunicacion hombre-maquina, traduccion automatica, recupe-
racion de la informacion y otros. Uno de los primeros métodos propuestos para
llevar a cabo esta tarea es el método de Lesk, el cual propone utilizar la cohe-
rencia global del texto, es decir, el total de sentidos de palabras relacionadas en
el texto. La ventaja de este método es que sélo se necesita un diccionario de
sentidos como recurso 1éxico. El problema principal es que mientras més pala-
bras tengamos, mas grande es el espacio de busqueda. Por lo tanto, se han desa-
rrollado diferentes métodos (conocidos como métodos tipo Lesk) que aplican
modificaciones de este algoritmo intentando obtener la combinacion de sentidos
Optima para un texto dado. En este articulo se presenta un estudio de los princi-
pales métodos tipo Lesk usados para la desambiguacion de sentidos de pala-
bras.

Palabras clave: Lingtistica Computacional, Procesamiento de Lenguaje Natu-

ral, Desambiguacion de Sentidos de Palabras, Algoritmo de Lesk.

1 Introduccién

La informacion es el recurso mas importante que poseemos los seres humanos. Gran
parte de esta informacion se comunica, almacena y maneja en forma de lenguaje natu-
ral (espafiol, inglés, ruso, etc.). En la actualidad, podemos obtener grandes volimenes
de informacion en forma escrita, ya sea de manera impresa o electrénica.
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Las computadoras son una herramienta indispensable para el procesamiento de la
informacion plasmada en los textos, ya que son capaces de manejar grandes volime-
nes de datos. Sin embargo, una computadora no puede hacer todo lo que las personas
normalmente hacemos con el texto, por ejemplo, responder preguntas basandose en la
informacion proporcionada, o, hacer inferencias légicas sobre su contenido, o elaborar
un resumen de esta informacion.

Por lo anterior, el Procesamiento de Lenguaje Natural (PLN) tiene por objetivo ha-
bilitar a las computadoras para que entiendan el texto, procesandolo por su sentido.

Para llevar a cabo esta tarea, un sistema de PLN necesita conocer sobre la estructu-
ra del lenguaje, la cual se analiza normalmente en los siguientes niveles [1]:

— Nivel fonolégico: trata de los sonidos que componen el habla, permitiendo formar
y distinguir palabras.

— Nivel morfolégico: trata sobre la estructura de las palabras y las leyes para formar
nuevas palabras a partir de unidades de significado mas pequefias Ilamadas morfe-
mas.

— Nivel sintéctico: trata sobre cdmo las palabras pueden unirse para construir oracio-
nes y cuél es la funcién que cada palabra realiza en esa oracion.

— Nivel semantico: trata del significado de las palabras y de cémo se unen para dar
significado a una oracién.

— Nivel pragmatico: estudia la intencion del hablante al producir oraciones especifi-
cas 0 textos en una situacién especifica.

Todos los niveles anteriores de la estructura del lenguaje tienen un problema: la
ambigiedad.

La ambigiedad, en el proceso lingliistico, se presenta cuando pueden admitirse dis-
tintas interpretaciones a partir de una representacién dada o cuando existe confusion
al tener diversas estructuras y no tener los elementos necesarios para eliminar las
eventualmente incorrectas. Para desambiguar, es decir, para seleccionar los significa-
dos o las estructuras mas adecuadas de un conjunto conocido de posibilidades, se
requieren diversas estrategias de solucién segun el caso [2].

Debido a que existe ambigiiedad ain para los humanos, su solucién no es sélo lo-
grar la asignacion del sentido Unico por palabra en el analisis de textos, sino eliminar
la gran cantidad de variantes que normalmente existen. La ambigledad es el problema
mas importante en el procesamiento de textos en lenguaje natural, por lo que su reso-
lucidn es la tarea mas importante a llevar a cabo.

Se distinguen tres tipos principales de ambigiiedad: 1éxica, sintactica (estructural) y
semantica.

La ambigliedad Iéxica se presenta cuando las palabras pueden pertenecer a diferen-
tes categorias gramaticales, por ejemplo, la palabra bajo puede ser una preposicion,
un sustantivo, un adjetivo o una conjugacion del verbo bajar [3].

La ambigiedad sintactica, también conocida como ambigiiedad estructural se pre-
senta cuando una oracion puede tener mas de una estructura sintactica. Por ejemplo de
la oracion “Maria hablé con el profesor del instituto” se puede entender dos cosas
diferentes: a) el profesor pertenece al instituto, o bien, b) el tema del que hablé Maria
con el profesor fue el instituto [4].
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La ambigiiedad semantica se presenta cuando las palabras tienen maltiples signifi-
cados, por ejemplo la palabra banco puede significar institucion financiera, la orilla
del lago, asiento, etc.

Hoy en dia, cualquier palabra que usamos para comunicarnos tiene dos 0 mas posi-
bles interpretaciones, llamadas sentidos. Para entender correctamente un texto, el
lector —humano o programa de computadora— debe ser capaz de determinar el sentido
adecuado para cada palabra en el texto.

Ademas de entender un texto, hay muchas aplicaciones de procesamiento de len-
guaje natural donde la determinacion automatica del sentido correcto de una palabra
es crucial. Entre ellas se encuentran:

1. Traduccién automatica. La desambiguacion seméntica es esencial para la traduc-
cién apropiada de palabras como bank(banco) que, dependiendo del contexto, pue-
de traducirse como institucion bancaria, orilla del rio, etc. [5,6].

2. Recuperacion de informacion. Al realizar bisquedas por palabras clave especificas,
es necesario eliminar los documentos donde se usa la palabra o palabras en un sen-
tido diferente al deseado; por ejemplo, al buscar referencias sobre animales con la
palabra gato, es deseable eliminar los documentos que contienen dicha palabra
asociada con mecanica automotriz [7,8,9,10,11,20,21].

3. El procesamiento de texto. La desambiguacidn es necesaria para algunas tareas de
procesamiento de texto, por ejemplo, para determinar cudndo deben insertarse
acentos diacriticos [12,13] y para la deteccion y correccion del malapropismo
[14,15,16].

4. Respuesta automatica a preguntas (QA, por sus siglas en inglés: Question
Answering): La meta de esta tarea es encontrar respuestas en el dominio de texto
en lenguaje natural [17,18]. A diferencia de un sistema de recuperacién de infor-
macion que te devuelve los documentos relativos a un criterio de blsqueda, un sis-
tema de QA devolvera una respuesta especifica a la busqueda especificada. Ejem-
plo: si buscamos "Patente bulbo Edison" un sistema de recuperacion de informa-
cién devolvera la lista de documentos relevantes que tengan que ver con la patente
de bulbos de Edison, sin embargo un sistema de QA preguntara “;Cuando se regis-
trd la patente de bulbo de Edison?” y el sistema devolvera una respuesta especifica.

En el area de procesamiento de lenguaje natural o linglistica computacional, la
identificacion del sentido de palabras en un contexto dado es conocida como desam-
biguacion de sentidos de palabras (WSD por sus siglas en inglés).

Una forma de llevar a cabo la desambiguacion de sentidos de palabras es tomar en
cuenta la coherencia global del texto [19], es decir, el total de sentidos de palabras
relacionadas en el texto. La limitacion principal de esta técnica es que, para encontrar
la combinacion 6ptima de sentidos se necesita mucho tiempo, ya que el espacio de
basqueda es muy grande. La principal ventaja de esta técnica es que es un método no
supervisado y sélo utiliza un diccionario de sentidos como recurso externo.

Debido a lo anterior, existen diferentes métodos (conocidos como métodos tipo
Lesk) que aplican modificaciones del algoritmo original de Lesk para desambiguar
palabras en un texto.
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En este articulo se presenta una revision de los principales métodos tipo Lesk usa-
dos para llevar a cabo la desambiguacion de sentidos de palabras como una tarea del
procesamiento de lenguaje natural.

El articulo se organiza como sigue: primero, formalizamos la tarea de desambigua-
cién de sentidos de palabras y los métodos usados para esta tarea clasificados de
acuerdo a los recursos que utilizan (seccidn 2). Después, se explica a detalle el algo-
ritmo original de Lesk (seccion 3) y se presenta un estudio sobre los principales mé-
todos que se basan en dicho algoritmo (seccién 4). En la seccién 5 se presenta un
analisis de los resultados obtenidos para los métodos tipo Lesk y al final se presentan
las conclusiones.

2 Desambiguacion del sentido de las palabras (WSD)

En general, la desambiguacion del sentido de las palabras es el problema de seleccio-
nar un sentido de un conjunto de posibilidades predefinidas para una palabra dada en
un texto o discurso.

En los dltimos afios se han incrementado las investigaciones para crear métodos de
WSD. A continuacion se describe la clasificacion para métodos de WSD de acuerdo a
los recursos que utilizan (figura 1).

Recursos
o : Corpus o
Diccionarios P Programacion
dlrrcta
A Ej.

L . Restricciones
Diccionario WordNet No marcados Marcados de seleccién
de sentidos vy otros :

i’
!
‘I
J -
Ej. [13] / No : :
d i ini Supervisado
¢ supervisado Minimamente B
/ ‘ supervisado
,l
Ej. [14] Ej. [15] Ei.
- Ej. [16] Clasificadores
- bayesianos
$ Costo $

Fig. 1. Clasificacion de los métodos para WSD de acuerdo a los recursos que utilizan.
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2.1  Clasificaciéon de métodos para desambiguacion de sentidos de palabras

Los métodos para desambiguacion de sentidos de palabras se clasifican en: los que
utilizan diccionarios, los que utilizan corpus, y los que no utilizan ningin recurso
Iéxico.

Los gue utilizan diccionarios:

Los diccionarios pueden ser de sentidos y otros como WordNet.

Los diccionarios proporcionan una lista de glosas (definicidn de sentido) para las
palabras. Los métodos que utilizan s6lo diccionarios de sentidos, buscan elegir un
sentido (de esta lista) para cada palabra en un texto dado, tomando en cuenta el con-
texto en el que aparece. Como ejemplo, [19] propone utilizar la coherencia global del
texto, es decir, el total de sentidos de palabras relacionadas en el texto: mientras mas
relacionadas estén las palabras entre si, mas coherente seré el texto.

Ademas existen variantes del algoritmo de Lesk que utilizan no sélo diccionarios
de sentidos, sino también otro tipo de diccionarios como WordNet.

Los que utilizan corpus:

Los corpus pueden ser no marcados y marcados.

Los métodos que utilizan corpus no marcados son los no supervisados, estos méto-
dos también utilizan otros recursos como WordNet para poder asignar un sentido a
cada palabra que aparece en los textos no marcados. Como ejemplo de éstos tenemos
el método de [22], el cual elige de un diccionario (tesauro) las palabras relacionadas
con la palabra a desambiguar. Cada palabra relacionada tiene un peso, éstas y la pala-
bra a desambiguar tienen sentidos en un diccionario. Para elegir el sentido correcto,
las palabras relacionadas votan por un sentido de la palabra a desambiguar con cierto
peso. Se elige el sentido con mas peso.

Los métodos que utilizan corpus marcados son los métodos supervisados. Estos
reducen la desambiguacién de sentidos de palabras a un problema de clasificacion,
donde a una palabra dada se le asigna el sentido mas apropiado de acuerdo a un con-
junto de posibilidades, basadas en el contexto en el que ocurre. Hay muchos algorit-
mos de aprendizaje supervisado utilizados para WSD, como ejemplo tenemos los
clasificadores bayesianos, maquinas de soporte vectorial, arboles y listas de decision,
etc. [23].

Hay métodos que utilizan una gran cantidad de corpus no marcados [24] y muy po-
cos marcados [25] Ilamados minimamente supervisados. Como ejemplo de éstos te-
nemos el método de [26], el cual identifica todas las ocurrencias de una palabra a
desambiguar en un corpus no marcado. Después identifica un ndmero pequefio de
colocaciones semilla representativos de cada sentido de la palabra y etiqueta todos los
ejemplos que contienen la colocacion semilla con la palabra de dicha colocacién (asi
tenemos los conjuntos etiquetados con cada sentido representativo y el conjunto resi-
duo). El algoritmo utiliza los conjuntos etiquetados para entrenar una lista de deci-
sion y encontrar nuevas colocaciones, para después etiquetar sobre el conjunto resi-
duo. El algoritmo termina cuando el conjunto residuo se estabiliza.
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Los que utilizan programacién directa:

Estos métodos se basan en reglas (muchas) que especifican el sentido de una pala-
bra de acuerdo al contexto en el que aparece. Un ejemplo son las restricciones de
seleccion (selectional restrictions), definen reglas de acuerdo a la palabra a desambi-
guar y su argumento. Ejemplo: el verbo comer puede tener como restriccion que su
tema argumento sea comida (comer-comida).

Este articulo se enfoca en los métodos que se basan en la aplicacién directa de
diccionarios de sentidos, que se describen a continuacion

3 Algoritmo de Lesk

El algoritmo de Lesk [19] es uno de los primeros algoritmos exitosos usados en la
desambiguacion de sentidos de palabras. Este algoritmo se basa en dos puntos princi-
pales: un algoritmo de optimizacion para WSD y una medida de similitud para las
definiciones de los sentidos.

El primer punto es acerca de desambiguar palabras considerando la coherencia
global del texto, esto es, encontrar la combinacién de los sentidos que maximice la
relacion total entre los sentidos de todas las palabras.

Por ejemplo, para la oracién My father deposits his money in a bank account y
considerando a lo mas tres sentidos® (véase tabla 1), para cada palabra, la figura 2
muestra la representacién grafica del algoritmo original de Lesk.

Similitud Variante de seleccion
(sentido-sentido) de sentidos

Sentidos

father [_| deposit |_| money bank account| >
(padre) (depositar) (dinero) (banco) {cuenta)

Texto: palabras

Fig. 2. Representacion gréfica del algoritmo original de Lesk.

1 Sentidos obtenidos de WordNet
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Tabla 1. Sentidos de las palabras (maximo tres) obtenidas de WordNet para la oracion “My
father deposits his money in a bank account”.

Palabra

Sentidos

Father

Deposit

Money

Bank

Account

1: a male parent (also used as a term of address to your father); "his
father was born in Atlanta”.

2: “Father' is a term of address for priests in some churches (especially
the Roman Catholic Church or the Orthodox Catholic Church); “*Padre’
is frequently used in the military”.

3: a person who holds an important or distinguished position in some
organization; "the tennis fathers ruled in her favor”; "the city fathers
endorsed the proposal”.

1: fix, force, or implant; "lodge a bullet in the table".

2: put into a bank account; "She deposits her paycheck every month".

3: put (something somewhere) firmly; "She posited her hand on his
shoulder”; "deposit the suitcase on the bench"; "fix your eyes on this
spot".

1: the official currency issued by a government or national bank; "he
changed his money into francs".

1: a financial institution that accepts deposits and channels the money
into lending activities; "he cashed a check at the bank"; “that bank holds
the mortgage on my home".

2: sloping land (especially the slope beside a body of water); "they
pulled the canoe up on the bank"; "he sat on the bank of the river and
watched the currents".

3: a supply or stock held in reserve for future use (especially in emer-
gencies)

1: a formal contractual relationship established to provide for regular
banking or brokerage or business services; "he asked to see the execu-
tive who handled his account".

2: the act of informing by verbal report; "he heard reports that they were
causing trouble™; "by all accounts they were a happy couple".

3: a record or narrative description of past events; "a history of France";
"he gave an inaccurate account of the plot to kill the president™; "the
story of exposure to lead".

En el segundo punto, relacionado con la medida de similitud, Lesk sugiere usar el
traslape entre las definiciones de los sentidos, es decir, contar el nimero de palabras
gue tienen en comdan.

Como ejemplo, para la oracion, “My father deposits his money in the bank ac-
count” para medir la relacion de las definiciones de los sentidos para la palabra “de-
posit” y “bank” como Lesk lo propuso, es necesario contar las palabras en comin en
todas las definiciones. En este caso, comparando principalmente las tres definiciones
de “deposit” contra las tres definiciones de “bank”. La relacidn entre los valores se
muestra en la tabla 2.
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Tabla 2. Valores de relacion para las definiciones de sentidos de las palabras “deposit” y
“bank”.

Sentido elegido  Sentido elegido Valor de relacion
para deposit para bank (traslape de palabras)
1 1 0
1 2 0
1 3 0
2 1 2
2 2 1
2 3 0
3 1 1
3 2 0
3 3 0

Este algoritmo tiene dos limitaciones, por un lado, la limitacion principal de la me-
dida de similitud propuesta por Lesk, es que las glosas del diccionario, regularmente,
son muy cortas y no incluyen el vocabulario suficiente para identificar los sentidos
relacionados [27].

Por otro lado, mientras mas palabras tenga el texto, y mas sentidos por cada pala-
bra, mayor sera el nimero de combinaciones de sentidos, haciéndolo practicamente
prohibitivo para una blsqueda exhaustiva que garantice encontrar el dptimo global
exacto. Por ejemplo, para una oracién de 16 palabras de contenido, donde cada pala-
bra contiene siete sentidos (numeros cercanos a los observados en el corpus de
SemCor), existen 71® posibles combinaciones a escoger, de las cuales una sera selec-
cionada.

Debido a estas dos limitaciones, diferentes modificaciones al algoritmo original
han sido propuestas para mejorar los resultados en la desambiguacién de sentidos de
palabras, las cuales se describen en la siguiente seccion.

4 Meétodos tipo Lesk

Las modificaciones al algoritmo original de Lesk han sido propuestas tanto del lado
de la medida de similitud como del lado del problema de complejidad computacional.

41 Basados en medidas de similitud semantica

Como se menciond anteriormente la medida de similitud propuesta por Lesk, traslape
(overlapping), tiene la limitacion del tamafio de las glosas del diccionario que, regu-
larmente son muy cortas.

A continuacion se describen ciertas medidas de similitud las cuales han sido pro-
puestas para medir la proximidad semantica entre dos sentidos o palabras, usando
WordNet como espacio semantico.
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Medida de Lesk Adaptada

Lesk propuso medir la similitud entre sentidos contando el traslape de palabras. La
limitacion principal de esta técnica es que las glosas del diccionario, por lo general,
son muy breves, de tal manera que no incluyen suficiente vocabulario para identificar
los sentidos relacionados. En [28] se sugiere una adaptacion del algoritmo basado en
WordNet. Esta adaptacion consiste en tomar en cuenta las glosas de los vecinos de la
palabra a desambiguar, explotando los conceptos jerarquicos de WordNet, de tal ma-
nera que las glosas de los vecinos son expandidas incluyendo a su vez las glosas de
las palabras con las cuales se encuentran relacionadas mediante las diversas jerarquias
que presenta WordNet. Asi mismo, sugieren una variacion en la manera de asignar el
puntaje a una glosa, de tal manera que si “n” palabras consecutivas son iguales en
ambas glosas, estas deberan de tener mayor puntaje que aquel caso en el que sélo
coincide una sola palabra en ambas glosas.

Supongamos que bark (ladrido o corteza) es la palabra que se desea desambiguar y
sus vecinos son dog (perro) y tail (cola). El algoritmo original de Lesk verifica las
coincidencias en las glosas de los sentidos de dog con las glosas de bark. Luego veri-
fica las coincidencias en las glosas de bark y tail. El sentido de bark con el maximo
namero de coincidencias es seleccionado. La adaptacion del algoritmo de Lesk consi-
dera estas mismas coincidencias y afiade ademas las glosas de los sentidos de los
conceptos que se encuentran relacionados semantica o Iéxicamente a dog, bark y tail,
de acuerdo a las jerarquias de WordNet.

Medida de Leacock-Chodorow

Esta medida esta basada en las longitudes de rutas usando la jerarquia “es-un” de
WordNet, para las definiciones de sustantivos [29]. La ruta més corta entre dos con-
ceptos es aquella que incluye el menor nimero de conceptos intermedios.

Este valor es escalado por la profundidad de la jerarquia, donde dicha profundidad
es definida como la longitud desde el nodo raiz hasta un nodo hoja. Por consiguiente
la medida de relacion esté definida por la siguiente formula:

Similitudicn(C1, C2) = max[- log(RutaMasCorta(Cs, Cz) /(2.D))] (D)

RutaMasCorta(Cs, C>) es la longitud de la ruta méas corta entre dos conceptos (ruta
con menor nimero de nodos) y D es la profundidad méxima de la taxonomia (distan-
cia entre la raiz y el nodo més alejado de ésta). La implementacién de esta medida
usando WordNet, asume un nodo raiz hipotético que junta todas las jerarquias de
sustantivos, de tal manera que D llega a ser una constante de 16 para todos los sustan-
tivos, lo cual significa que la longitud entre el nodo raiz y la hoja méas lejana del arbol
es de 16.

Medida de Resnik

Resnik [30] introduce una medida de relacion basada en el concepto de “contenido de
la informacién” mas conocido en inglés como information content, el cual se trasluce
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como un valor que es asignado a cada concepto en una jerarquia basada en la eviden-
cia encontrada en un corpus.

El término “contenido de la informacion” es una simple medida de la especifica-
cién de un concepto. Un concepto con un gran contenido de informacion es muy es-
pecifico a un tdpico particular, mientras que conceptos con un contenido de informa-
cién bajo estan asociados con topicos mas generales. Por lo tanto, la expresién car-
ving fork (tenedor) tiene un alto contenido de informacion, mientras que entity (enti-
dad) tiene un bajo contenido de informacion.

El contenido de informacion de un contexto es estimado contando la frecuencia de
ese concepto en un corpus de gran escala, determinando de esta manera su probabili-
dad. De acuerdo a Resnik, el logaritmo negativo de esta probabilidad determina el
contenido de informacion del concepto.

IC(concept) = - log(P(concept)) 2

Si se tuviera un texto etiquetado de sentidos, contar la frecuencia de un concepto
seria logrado directamente, ya que cada concepto seria asociado con un Unico sentido;
pero en caso contrario, Resnik sugiere contar el nimero de ocurrencias de una palabra
en el corpus y luego dividir dicho valor por el nimero de sentidos que tiene dicho
término, siendo este valor asignado a cada concepto. Por ejemplo, supongamos que la
palabra bank (banco) ocurre 20 veces en un corpus, y existen dos conceptos asociados
a dicha palabra en una jerarquia, uno para river bank (orilla de rio) y el otro para fi-
nancial bank (institucién financiera). Cada uno de estos conceptos recibira un valor
de 10; en cambio si las ocurrencias de bank, se presentaran en un texto etiquetado con
sentidos, la informacion seria méas consistente.

La frecuencia de un concepto incluye la frecuencia de todos sus conceptos subor-
dinados, ya que el conteo de un concepto es afiadido a su inmediato superior. Es nece-
sario notar que los conteos de los conceptos méas especificos son afiadidos a los méas
genéricos; y no de manera contraria; por ende los conteos de los conceptos especificos
incrementan el total de los mas genéricos. Dichos conceptos tendrdn una mayor pro-
babilidad asociada, lo que significaria que tendrian un bajo “contenido de informa-
cidon”, ya que estos representan conceptos muy generales. La medida de Resnik usa el
“contenido de informacion” de conceptos dentro de las jerarquias “es-un”. La idea
principal detras de esta medida es que dos conceptos estan semanticamente relaciona-
dos teniendo en cuenta la cantidad de informacion que ellos comparten en comun. La
cantidad de informacién comdn de dos conceptos es determinada por el “contenido de
informacion” del concepto mas bajo (lowest common subsumer) para las dos concep-
tos en cuestion. La medida de Resnik es calculada con la siguiente férmula:

Similitudyes(C1, Cz) = IC(lowest_common_subsumer(Cs, C2)) 3)

Esta medida no considera el contenido de informacion del par de conceptos a com-
parar y tampoco considera la longitud de la ruta entre ambos. La principal limitante de
esta técnica es que algunos pares de conceptos compartirian el mismo valor de simili-
tud, ya que existe la posibilidad de que el mismo lowest common subsumer sea asig-
nado a mas de un par de conceptos. Por ejemplo, vehicle (vehiculo) es el lowest com-
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mon subsumer de jumbo jet (avidn jumbo), tank (tanque) y house trailer (remolque).
Por consiguiente estas parejas recibirian el mismo puntaje en su comparacion.

Medida de Jiang-Conrath

Jiang y Conrath [31] usan el concepto de “contenido de informacién” planteado por
Resnik, al cual lo complementan con las longitudes de rutas entre conceptos. Esto
resulta una técnica hibrida para computar la relacién semantica de una pareja de con-
ceptos. Esta técnica incluye el “contenido de informacién” de los propios conceptos y
del lowest common subsumer. Esta medida es determinada por la siguiente formula:

Similitudicn(Cy, C2) = IC(Cy) + IC(C2) - 2 x IC(lowest_common_subsumer(Cy, Cz)) (4)

Medida de Lin

La medida de Lin [32] est4 basada en su teorema de similitud. Este establece que la
similitud de dos conceptos es medida por la razén entre la cantidad de informacion
necesaria para establecer la informacion comin de ambos conceptos y la cantidad de
informacién necesaria para describirlos. Esta informacién comin entre dos conceptos
es obtenida por el contenido de informacion del lowest common subsumer que aplica
para ambos conceptos y el contenido de informacién de cada uno los conceptos pro-
piamente dichos.

Esta medida es muy parecida a la presentada por Jiang y Conrath; aunque ellas fue-
ros desarrolladas independientemente. Esta medida es determinada por la siguiente
férmula:

Similitudiin(C1, Cz) = 2 x IC(lowest_common_subsumer(Cy, Cy)) / IC(C1) + IC(C2) (5)

Esta medida puede ser vista como la interseccién del contenido de informacion de
los dos conceptos a comparar dividido por la suma del contenido de informacién de
ambos.

Medida vector

Esta medida, al igual que la de Lesk, incorpora informacion de las glosas de Word-
Net. La medida vector, crea una matriz de co-ocurrencia para cada palabra usada en
las glosas de WordNet tomando cualquier corpus y luego representa cada glosa con
un vector que es el promedio de los vectores de co-ocurrencia.

Medida path

Este medida calcula la relacién seméntica de sentidos contando el nimero de nodos
junto con el camino més corto entre el sentido en la jerarquia “es-un” de WordNet. La
longitud de los caminos incluye los nodos terminales.

Dado que un camino largo indica menos relacion, el valor de relacion obtenido es
el inverso multiplicativo de la longitud del camino (distancia) entre los dos conceptos:
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relacion = 1/distancia. Si los dos conceptos son idénticos, entonces la distancia entre
ellos es uno; por lo tanto, su relacién también es 1. Si no es encontrado ningun ca-
mino, entonces un valor negativo muy grande es devuelto.

Medida combinada

En [33] proponen implementar una combinacion de medidas de similitud dependien-
do del par de categorias gramaticales a ser medidos. Ellos recomiendan utilizar la
medida JCN para obtener la similitude entre sustantivos y la medida LCH para ver-
bos. Para todas las demas relaciones se recomienda usar la medida de LESK.

4.2  Basados en la complejidad computacional

Para aliviar el problema de la complejidad computacional del algoritmo original de
Lesk, dos principales soluciones han sido propuestas, a) una versién simplificada que
considere las palabras, una por una, y compare cada sentido de la palabra dada con el
contexto, y b) el uso de busquedas basadas en heuristicas para encontrar una solucion
Optima cercana a la real en un menor tiempo [34].

Similitud Variante de seleccién
(sentido-contexto) de sentidos

O O

o/oo

Sentidos

father |_| deposit | | money| | bank |_|account >
{padre) (depositar) {dineroj (banca) {cuenta)

Texto: palabras

Fig. 3. Representacion gréfica del algoritmo de Lesk simplificado.

Lesk simple o Lesk simplificado

Para reducir el espacio de busqueda del algoritmo original de Lesk, Kilgarriff y Ro-
senzweig [35] propusieron una variacion del algoritmo original de Lesk, conocido
como algoritmo de Lesk simplificado o Lesk simple, donde los sentidos de las pala-
bras en el texto son determinados uno a uno encontrando el mayor traslape entre los
sentidos de las definiciones de cada palabra con el contexto actual, véase la figura 3.
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En lugar de buscar asignar, simultdneamente, el significado de todas la palabras en un
texto dado, este enfoque determina el sentido de las palabras uno a uno, por lo que se
evita la explosién combinatoria de sentidos.

Templado simulado (Simulated Annealing)

El método de templado simulado es una técnica para la resolucion de problemas de
optimizacion combinatoria a gran escala. El nombre de este algoritmo es una analogia
del proceso metalurgico en el cudl, el metal se enfria y se templa. La caracteristica de
este fendmeno es que en el enfriamiento lento alcanza una composicion uniforme y un
estado de energia minimo, sin embargo, cuando el proceso de enfriamiento es rapido,
el metal alcanza un estado amorfo y con un estado alto de energia. En templado simu-
lado la variable T corresponde a la temperatura que decrece lentamente hasta encon-
trar el estado minimo.

El proceso requiere una funcién E, la cual representa el estado de energia de cada
configuracion del sistema. Es esta funcion la que se intenta minimizar. A grandes
rasgos el algoritmo funciona de la siguiente manera: se selecciona un punto inicial y
ademaés se escoge otra configuracion de manera aleatoria, se calcula para ambas con-
figuraciones su valor E, si el nuevo valor es menor que el seleccionado como punto
inicial, entonces el inicial es remplazado por la nueva configuracion. Una caracteristi-
ca esencial del templado simulado es que, existe el caso en el que la nueva configura-
cién es mayor a la configuracion obtenida anteriormente, y la nueva es seleccionada.
Esta decision es tomada de manera probabilistica y permite salir de algin minimo
local. Una vez que el método mantenga la misma configuracion por un determinado
tiempo, dicha configuracion es escogida como la solucién.

Cowie et al. [36], basandose en el algoritmo de Lesk, utilizé este método para
desambiguacion de sentidos de palabras de la siguiente forma:

1. El algoritmo define una funcién E para la combinacion de sentidos de palabras en
un texto dado.

2. Se calcula E para la configuracién inicial C, donde C es el sentido mas frecuente
para cada palabra.

3. Para cada iteracion, se escoge aleatoriamente otra configuraciéon conocida como
C’, y se calcula su valor de E. Si el valor de E para C’ es menor que el de C enton-
ces se elige C’ como configuracidn inicial.

4, La rutina termina cuando la configuracion de sentidos no ha cambiado en un tiem-
po determinado.

Algoritmos genéticos

Introducidos por Holland [37] e impulsados en afios sucesivos por Goldberg [38], uno
de sus estudiantes, los algoritmos genéticos han sido utilizados con éxito en multiples
campos de la ciencia. Los algoritmos genéticos son métodos sistematicos para la reso-
lucion de problemas de busqueda y optimizacion, que aplican a éstos los mismos mé-
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todos de la evolucidn biolégica: seleccion basada en la poblacién, reproduccion se-
xual y mutacion.

En un algoritmo genético, tras parametrizar el problema en una serie de variables,
(Xi,-..,Xn) se codifican en un cromosoma. Todos los operadores utilizados por un algo-
ritmo genético se aplicaran sobre estos cromosomas, o sobre poblaciones de ellos. En
el algoritmo genético va implicito el método para resolver el problema; son solo pa-
rametros de tal método los que estan codificados, a diferencia de otros algoritmos
evolutivos como la programacion genética. Hay que tener en cuenta que un algoritmo
genético es independiente del problema, lo cual lo hace un algoritmo robusto, por ser
util para cualquier problema, pero a la vez débil, pues no esta especializado en nin-
guno.

Las soluciones codificadas en un cromosoma compiten para ver cual constituye la
mejor solucion (aunque no necesariamente la mejor de todas las soluciones posibles).
El ambiente, constituido por otras soluciones, ejercera una presion selectiva sobre la
poblacion, de forma que s6lo los mejor adaptados (aquellos que resuelvan mejor el
problema) sobrevivan o leguen su material genético a las siguientes generaciones,
igual que en la evolucion de las especies. La diversidad genética se introduce median-
te mutaciones y reproduccion sexual.

En la naturaleza lo Unico que hay que optimizar es la supervivencia, y eso significa
a su vez maximizar diversos factores y minimizar otros. Un algoritmo genético, sin
embargo, se usara habitualmente para optimizar sélo una funcion, no diversas funcio-
nes relacionadas entre si simultdneamente. La optimizacién que busca diferentes obje-
tivos simultaneamente, denominada multimodal o multiobjetivo, también se suele
abordar con un algoritmo genético especializado.

Por lo tanto, un algoritmo genético consiste en lo siguiente: hallar de qué pardme-
tros depende el problema, codificarlos en un cromosoma, y se aplican los métodos de
la evolucidn: seleccion y reproduccion sexual con intercambio de informacion vy alte-
raciones que generan diversidad.

En [39] utilizaron un algoritmo genético que elige los sentidos que dan mas cohe-
rencia al texto en términos de medidas de relacion de palabras. El método optimiza
globalmente el total de relaciones de palabras y no cada palabra de manera indepen-
diente [40].

Los parametros del algoritmo que utilizaron fueron los siguientes:

— EI cromosoma es una secuencia de nimeros naturales de 1 a nj, donde n; es el nd-
mero de sentidos de la palabra wi. Si la palabra no tiene sentidos, es decir, no se
encuentra en el diccionario, la posicién correspondiente en el cromosoma no se
usa.

— El contenido inicial de la piscina fue generado aleatoriamente: para cada individuo
y cada posicion i en su cromosoma, el valor fue generado aleatoriamente con dis-
tribucion uniforme en el dominio entre 1 y n;.

— La funcioén de aptitud (fitness function) fue definida por la siguiente férmula:
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for each sequence feF
for each wordwyg

score(wy) = M, ., (w. f(K))

N
score(f) = Z . score(w,)
Srese = max arg (score( f))
for each word wg
select Spy =,ﬁ>gsi( k)

— Se utilizaron dos piscinas, de modo que en cada generacion todos los padres fueron
sustituidos por sus respectivos descendientes, por lo que no hay individuos de una
nueva generacion que se apareen con individuos de las anteriores. Esto también
significa que el método de sustitucion se fijo a anexar: los nuevos individuos se
anexan a la nueva piscina.

— No se utiliz6 ninguna brecha generacional, es decir, hay un nimero predefinido de
individuos clonados en la nueva generacion

— El método de seleccion fue roulette wheel: la probabilidad de seleccionar un indi-

viduo para el cruce (o clonacidn) es proporcional a su valor de aptitud

El esquema de generacion fue el siguiente: el par seleccionado de los padres fue

reemplazado con dos descendientes formados por el intercambio de las partes se-

leccionadas de los cromosomas de los padres. Con cierta probabilidad de que los
padres sean clonados en la nueva generacion en lugar de ser acoplados.

— La probabilidad de cruce fue determinada por el parametro llamado crossover rate
(tasa de cruce) que controlaba la opcién de cruce: si dos individuos seleccionados
se cruzaban, dos descendientes se formaban como resultado o simplemente los dos
padres se clonaban en la nueva generacion. Entre mas grande la tasa de cruce, ma-
yor es la probabilidad de que los padres se apareen.

— EI método de cruce es simple: un solo punto de cruce es seleccionado aleatoria-
mente; los genes incluidos hasta el punto de cruce se copian en el hijo respectivo y
el resto de los genes fueron copiados a un hijo alternativo.

— El esquema de mutacion es como sigue: cada hijo fue seleccionado o no para mu-
tacion con la probabilidad determinada por el pardmetro llamado tasa de mutacion
(mutation rate). Si se selecciona, un Unico punto de mutacion i fue seleccionado al
azar(con distribucion uniforme)

— Una mutacién en un punto i fue un cambio al azar de un gen en su respectivo do-
minio, es decir, de 1 a n;, donde n; es el nimero de sentidos de la palabra w;.

— Se us6 elitismo para acelerar la convergencia. Esto implica las dos modificaciones
siguientes en el comportamiento estandar del algoritmo. En primer lugar, dos co-
pias del mejor individuo se clonan a la piscina de la nueva generacién, asegurando
asi su supervivencia. En segundo lugar, en cada accion de cruce, de cada cuatro in-
dividuos -los dos padres y dos hijos- dos mejores se colocan en la nueva piscina.
De esta manera, si un hijo no es tan bueno como cualquiera de los padres, no va a
ser seleccionado, y uno de los padres va a sobrevivir en su lugar.

— La condicidn de término es la convergencia: el algoritmo se detiene cuando todos
los individuos en el grupo tienen el mismo valor de aptitud (fitness).
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5 Anadlisis de resultados

En esta seccion se describen las evaluaciones llevadas a cabo para la desambiguacién
de sentidos de palabras con métodos tipo Lesk (reportados en el estado del arte) y sus
principales resultados.

Para el algoritmo original de Lesk:

Lesk evalud su algoritmo sobre ejemplos cortos extraidos de “Pride and Prejudi-
ce” y “An Associated Press news story” usando el diccionario “Oxford Advanced
Learner’s Dictionary”, con una precision de 50 a 70 %.

El trabajo de [41] presenta una evaluacion del algoritmo original de Lesk con back-
off? a sentido mas frecuente sobre SENSEVAL-2 (English-all words) y SemCor
(20964 instancias), utilizando WordNet como diccionario y con una ventana de con-
texto® de 2,3,8,10 y 25 palabras. Los resultados fueron similares en ambos corpus con
un 43% de precision.

Para los métodos tipo Lesk que s6lo varian la medida de similitud seméantica:

La medida adaptada de Lesk [28] fue evaluada sobre los datos de Senseval-2 (En-
glish lexical sample task) y utilizando el diccionario WordNet. En esta evaluacion se
utilizé una ventana de contexto de dos palabras y los resultados se reportan de acuer-
do a la categoria gramatical de la palabra desambiguada. Para los sustantivos se repor-
ta una precision del 32.2%, para los verbos 24.9% y para los adjetivos 46.9%; con una
precision general de 31.7%.

En [42] evaluaron tres medidas de similitud (Jiang-Conrath, Lesk y combinada),
utilizando el diccionario WordNet, sobre los datos de Senseval-2, Senseval-3, Se-
meval (Eglish all-words data sets) y el corpus Semcor, eliminado las oraciones con
mas de 210,567,168,000 combinaciones. Se utilizé una ventana de contexto del tama-
fio de la oraciéon y evaluaron con dos métodos de back-off, sentido mas frecuente* y
sentido aleatorio. Los resultados experimentales mostraron que la medida combinada
es mas precisa que cada medida por separado. También mostraron que la medida de
Lesk tiene mejor desempefio cuando el back-off es sentido aleatorio, mientras que la
medida de Jiang-Conrath muestra mejores resultados s6lo cuando se usa back-off a
sentido mas frecuente.

Para el algoritmo de Lesk simplificado:

En la propuesta original de Lesk Simple, Kilgarrif y Rosenzweig evaluaron el algo-
ritmo sobre los datos de SENSEVAL con los sentidos obtenidos del diccionario 1éxi-

2 Cuando método principal no tiene suficiente informacion para elegir el sentido de una pala-
bra, el método de back-off toma la decision. Ej. cuando el método de back-off es sentido
aleatorio, si el algoritmo de Lesk no pudo elegir un sentido entonces se elige cualquier sen-
tido de los posibles

3 Numero de palabras que se encuentran en el texto, antes y después de la palabra a ser
desambiguada, y que se tomaran en cuenta en el proceso de desambiguacion

4 De acuerdo con WordNet.
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co HECTOR. Se llevo a cabo la comparacion entre sentidos utilizando por un lado la
glosa del diccionario y por otro, la glosa y los ejemplos. El algoritmo presentd mejo-
res resultados cuando se utiliza la glosa y los ejemplos, con un 55% de precision,
mientras que utilizando solo la glosa se obtuvo un 30% de precision.

Asi mismo, en [41] se presenta también la evaluacion del algoritmo de Lesk sim-
plificado con back-off a sentido mas frecuente sobre SENSEVAL-2 (English-all
words) y SemCor (20964 instancias), utilizando WordNet como diccionario y con una
ventana de contexto de 2,3,8,10 y 25 palabras. Los resultados fueron similares en
ambos corpus con un 55% de precision.

En [43] se evalto el algoritmo de Lesk simplificado con back-off a sentido aleato-
rio sobre tres diferentes corpus usando WordNet como diccionario: SENSEVAL-2,
SENSEVAL-3 y una muestra de 10 oraciones seleccionadas aleatoriamente del cor-
pus Semcor. La ventana de contexto usada para los experimentos fue el tamafio de la
oracion y la medida de similitud usada fue el traslape pero fue normalizado, dividien-
do entre largo de las definiciones, para evitar la ventaja de definiciones largas. Los
resultados obtenidos fueron similares para los tres corpus con aproximadamente 48%
de precision.

Para los métodos tipo Lesk basados en heuristicas para encontrar una solucién 6ptima
en menor tiempo:

En [36] se evalud el algoritmo de Lesk, usando templado simulado, sobre 50 ora-
ciones etiquetadas manualmente y utilizando el diccionario LDOCE (Longman Dic-
tionary of Contemporary English). Las oraciones tenian de dos a quince palabras, con
un promedio de 5.5 palabras ambiguas por oracion. En esta evaluacion se reporta un
47% de precision.

En [43] también se evallo el algoritmo original de Lesk con templado simulado y
back-off a sentido aleatorio sobre SENSEVAL-2, usando WordNet como diccionario.
La ventana de contexto usada para los experimentos fue el tamafio de la oracion y la
medida de similitud usada fue el traslape normalizado, dividiendo entre largo de las
definiciones, para evitar la ventaja de definiciones largas. Se reporta un 39.5% de
precision.

En [39] se evalud el algoritmo de Lesk usando un algoritmo genético sobre un con-
junto de 196 palabras en espafiol obtenidas de un sitio de noticias de Internet. Como
linea base de evaluacion implementaron diferentes algoritmos, en todos los experi-
mentos, el algoritmo genético mostré mejor precisién excepto por la linea base de
sentido mas frecuente.

6 Conclusiones

La desambiguacion de sentidos de palabras es una de las tareas mas importantes de la
linglistica computacional o procesamiento del lenguaje natural, ya que tiene aplica-
cidn en muchas otras tareas de esta area.

Uno de los primeros algoritmos exitosos para llevar a cabo esta tarea fue el algo-
ritmo original de Lesk, que se basa en dos ideas principales, un algoritmo de optimi-
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zacion y una medida de similitud para medir la relacion entre las definiciones de los
sentidos. El algoritmo de optimizacion considera la coherencia global del texto, esto
es, encontrar la combinacion de sentidos que maximice la relacion total entre los sen-
tidos de todas las palabras.

La principal ventaja de este algoritmo es que es un método no supervisado y s6lo
se necesita un diccionario de sentidos como recurso externo. Sus principales limita-
ciones son: con relacion a la medida de similitud, que las glosas del diccionario regu-
larmente son muy cortas y no incluyen el vocabulario suficiente para identificar los
sentidos relacionados; y con relacion al algoritmo de optimizacion, la explosion com-
binatoria que éste representa para un volumen de datos grande.

Por ello, diferentes métodos (conocidos como métodos tipo Lesk) han sido pro-
puestos para aliviar estas limitaciones. En este articulo se presenté un estudio sobre
estas propuestas y se presentd un analisis de los resultados que han sido obtenidos
para las mismas.
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Resumen.El aprendizaje de preferencias de argumentos d®yaisualmente
se ha tratado como un problema de verbo y argumergdo mucho como una
relacion trinaria entre sujeto, verbo y objeto. &imbargo, la correlacién simul-
tanea de todos los argumentos en una oracion siddvaxplorado a profundidad
para la medida de plausibilidad de una oraciéndiedli alto nimero de combi-
naciones potenciales de argumentos, asi como iadarsién de los datos. En
este trabajo presentamos una revisién de algunisiogcomunes para aprender
las preferencias de los argumentos, comenzandel caso mas simple que con-
sidera correlaciones binarias, después lo comparagrocorrelaciones trinarias,
y finalmente consideramos todos los argumentos Bsto Gltimo, usamos un
modelo de aprendizaje en conjunemgemble learnirjgmediante modelos dis-
criminativos y generativos; mediante caracteristida coocurrencia y caracte-
risticas semanticas en distintos arreglos. Buscaesponder preguntas acerca
del nimero 6ptimo de topicos requeridos para lodatos de PLSI y LDA, asi
como el nimero de coocurrencias que se requieeempejorar el desempefio.
Exploramos las implicaciones de usar diversas ferdeproyectar correlacio-
nes, es decir, en un espacio de palabras, o ditenta en un espacio de coocu-
rrencia de caracteristicas. Realizamos pruebasipartarea de pseudodesambi-
guacioén aprendiendo de corpus muy grandes extrdilbogernet.

1 Introduccion

Una oracion puede ser vista como un verbo con piggtiargumentos. La plausibilidad
de cada argumento depende no sélo del verbo,asinnién de otros argumentos. Medir
la plausibilidad de los argumentos del verbo seliegq en diversas tareas como el
etiquetado de roles semanticos, puesto que el aglop argumentos del verbo medir
su plausibilidad incrementa el desempefio, tal clu@anostrado por Merlo y Van Der
Plus (2009) y Deschacht y Moens (2009).

El reconocimiento de metaforas requiere esta irdgiém también, puesto que po-
demos conocer los usos comunes de los argumenios go no comuan podria sugerir
la presencia de una metéfora, o un error de cotierépor ejempldeber la luna en

1 Trabajo realizado con apoyo del CONACYT-SNI, y prigeSIP-IPN.
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un vas). La deteccién de malapropismos puede usar tanfbidedida de la plausibi-
lidad de un argumento para determinar usos incosete las palabras (Bolshakov,
2005), como egentro histéricpen lugar deentro histérico parece un temgattoq y
hemos atrapado a dos persorasspiciosasgsta entre laespalday la pared etc. Por
otra parte, la resolucion de anaforas consisteneargrar objetos referenciados, de tal
manera que se requiere, entre otras cosas, téaenation a la mano de la plausibili-
dad de los argumentos, es decir, qué tipo de pakdiisface las restricciones de la
oracion, como erEl nifio juega coreso ahiél come pasto, lp bebi en un vaso.

Este problema puede ser visto como recolectar asa the datos grande de marcos
semanticos con categorias detalladas y ejemplosan®ierdan con estas categorias.
Para este proposito, existen diversos trabajosias que aprovechan los recursos ma-
nualmente manufacturados como WordNet, WikipediajieNet, VerbNet o Pro-
pBank. Por ejemplo, Reisinger yg¢ea (2009) anotan conceptos existentes de WordNet
con atributos, y extienden las relacionessdainbasandose en el modelo de analisis
latente de Dirichlet (LDA) en documentos web y likiedia. Yamada y otros (2009)
exploran la extraccién de relaciones de hiponineod/ikipedia usando descubrimiento
basado en patrones, y agrupamiento de semejariawtisonal. El problema con el
enfoque de marcos semanticos para esta tarea éssquarcos semanticos son dema-
siado generales.

Por ejemplo, Anna Korhonen (2000) considera lobagvolar, navegaty resbalar
como similares, y encuentra un s6lo marco de saboatacion. Por otra parte, los
enfoques basados en n-gramas son demasiado Eag;Le incluso usando un corpus
muy grande (como la web como corpus) tiene dosl@nuds: algunas combinaciones
no estan disponibles, o las cuentas tienen seathacia algunas estructuras sintacti-
cas. Por ejemplo, resolver la adjuncién de fragpgsicional dextinguir fuego con
aguausando Google dauego con agua319,000 ocurrenciagxtinguir con agua
32,100, resultando en la estructura *(extinguief con agua)), en lugar de (extinguir
(fuego) con agua). Es por ello que requerimos gi@waimecanismo para ponderar estas
cuentas. Esto Ultimo ha sido llevado a cabo meelipreferencias de seleccién desde
Resnik (1996) para preferencias de verbo a cladespués generalizado por Agirre y
Martinez (2000) para preferencias de clases deosalzlases de sustantivos.

Trabajos maés recientes incluyen a McCarthy y C2603), que desambiguan sus-
tantivos, verbos y adjetivos usando preferenciasetieccion aprendidas automéatica-
mente como distribuciones de probabilidad sobjerkrquia de hiponimos de los sus-
tantivos de WordNet, evaluando con Senseval-2eBibargo, estos trabajos mencio-
nados tienen un problema en comun, y es que caasiger separado cada argumento
para un verbo.

1.1 Un argumento no es suficiente

Considere la siguiente oracién:
Hay alfalfa en la granja. La vaca la come.

Quisiéramos conectar “la” con “alfalfa”, y no cogranja”. A partir de las preferen-
cias de seleccion sabemos que el objetoateerdeberia ser algo comestible, de tal
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forma que sabemos quadfalfa es mas comestible quganja, resolviendo este pro-
blema. A partir de marcos semanticos tenemos conecto similar, pero en un sentido
mas amplio: hay un Investor y un ingestible.

Sin embargo, esta informacién puede ser insufieiemt algunos casos cuando la
preferencia de seleccidn depende de otros argumdatta frase. Por ejemplo:

La vaca come alfalfa, pero el hombre la comera

En este caso, no es suficiente con saber qué asgetomestible, sino que la resolu-
cion depende de quién esta comiendo. En este saspmbable que el hombre coma
alfalfa, asi que la oracion podria referirse alhloede que él comera a la vaca. Esto
mismo ocurre con otros argumentos para verbosejBomplo, algunos de los argumen-
tos periféricos de FrameNet para el marcangestionsoninstrumentoy lugar. Sin
embargo, existen algunas cosas que se comen cimstaummento en particular, por
ejemplo, la sopa se come con una cuchara, mieqnieasl arroz se come con un tenedor
o con palillos, dependiendo de quién come, o erdgnde se come. La extraccion de
argumentos plausibles permite construir un dicgiongue funja como base de datos
para este tipo de informacion, que puede ser aistavez como sentido comun, puesto
gue es posible aprender qué tipo de actividadedesarrolladas por grupos o entidades
automaticamente a partir de grandes bloques de. text

El objetivo de nuestro trabajo es construir dichaebde datos. Para este proposito
necesitamos obtener informacidn relacionada copriferencias de seleccion y la ex-
traccion de marcos semanticos.

En las siguientes secciones presentaremos eldaraddagionado, organizado en di-
versos enfoques (seccién 2), después presentateragsopuesta basada en el modelo
de espacio vectorial (seccién 3), después una pst@basada en modelos de lenguaje
(seccién 4), y finalmente presentamos nuestrostegp@rincipales (secciones 5y 6),
gue consisten en aplicar indexado probabilisticeésgico latente (PLSI) para manejar
tres variables correlacionadas (seccién 5), y ifiesite el manejo de la coocurrencia
compleja mediante maquinas de soporte vectoriaWM(S/partir de caracteristicas pro-
vistas por PLSI y coocurrencia (seccion 6). En cseleion presentaremos diversos
experimentos para mostrar como diferentes paramefextan el comportamiento del
modelo, asi como para comparar diversos enfoques.

1.2 Enfoques para aprender preferencias de argumentosapa los verbos

El problema de aprender la plausibilidad de losiargntos de un verbo puede ser es-
tudiado desde diversos puntos de vista. Desdenéb ig vista del tipo de informacion

extraida, podemos encontrar trabajos relacionagdi@spreferencias de seleccion y ex-
traccion de marcos semanticos. Desde el puntostiede las preferencias de seleccidn,
la tarea se enfoca en obtener automaticamentesal@sargumentos para un verbo y
una construccion sintactica dados. Desde el enfdgumarcos semanticos, los argu-
mentos se agrupan por el rol semantico que tiesiemmportar la construccién sintac-

tica que tengan. Este Ultimo enfoque enfatizadtirdiidn entre argumentos indispen-

sables (nlcleo) y periféricos. Por otra parte, pameconsiderar el punto de vista de
como esta informacion se representa: la tarea merdésta como un caso de modelado
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estadistico del lenguaje, donde, dado un conteid¢ y otros argumentos), el argu-

mento faltante debe ser inferido con una alta oitidad; o puede ser observado como
una tarea de modelo de espacio de palabras frecnente visto en sistemas de recu-
peracion de informacién. En las siguientes secsipnesentamos trabajos relacionados
a esta tarea desde estos distintos puntos de vista.

1.2.1 Preferencias de seleccion

La adquisicion de preferencias de seleccion puedsewomo uno de los primeros in-
tentos para encontrar automaticamente la plawdsldilde los argumentos. Los intentos
tempranos trataban con pares simples de verbouyregto. Puesto que el recurso de
aprendizaje es vasto y disperso, todos estos traéjizan un mecanismo de genera-
lizacién, o suavizado, para extender la cober®Remnik (1996) utiliza WordNet para
generalizar el argumento de tipo objeto. Agirre grtihez (2001) usan un modelo de
clase a clase, de tal forma que tanto el verbo cgracgumento objeto se generalizan
al pertenecer a una clase usando WordNet. McCar@ssroll (2006) obtienen prefe-
rencias de seleccion como distribuciones probabais aparte del argumento objeto.
Padé y Lapata (2007) combinan informacion semantisiatactica estimando su mo-
delo usando corpus con anotacion de roles seméar(jims ejemplo FrameNet, Pro-
pBank), y después aplicando suavizado basado sesafaediante WordNet.

1.2.2 Marcos de subcategorizacion

Los siguientes trabajos tratan el problema de timesion de la plausibilidad de argu-
mentos de forma semisupervisada desde el enfogiaeedtéraccion de marcos de sub-
categorizacion. Salgeiet al obtienen estructuras de argumentos de verbo®rélen
zan sustantivos usando un reconocedor de entigexhelsradas (IdentiFinder) y des-
pués utilizan el entorno del canal ruidoso paraece argumentos. Ejemplos del tipo
de informacién con la que trabajan sorganizaciébncompréorganizaciéndeorgani-
zacion Cosacompré las acciones éechg y a veces sin generalizacidrg cafeteria
compré platos extras.

Otro trabajo semisupervisado es el de Kawahararghashi (2001). Ellos genera-
lizan utilizando un diccionario de ideas afines m@lmente creado. Para encontrar los
marcos de casos, usan junto con el verbo el argonmeés cercano, proveyendo de
desambiguacion del sentido del verbo para casaasmal ejemplo que nos motivo,
presentado en la seccion 1.

A continuacion presentaremos otros puntos de gistetratan con la representacion
de la informacién de los argumentos del verbo.

1.2.3 El modelo de espacio de palabras, o0 modelo de esjpagectorial

Tradicionalmente segun los modelos de recuperatgdnformacién, las palabras pue-
den representarse como documentos, y los contegtnénticos como caracteristicas,
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de tal forma que es posible construir una matrigateurrencia, o un espacio de pala-
bras, donde cada interseccion de palabra y contexéstra el conteo de la frecuencia
de aparicion. Este enfoque ha sido usado recienteraen relaciones sintacticas (Pad6
y Lapata, 2007). Una cuestién importante dentreste enfoque es la medida de seme-
janza elegida para comparar palabras (documendolgsdsus caracteristicas. Las me-
didas de semejanza comunes van desde medidassitopt® la medida euclidiana, la
medida coseno, y el coeficiente de Jaccard (Le®9)] Basta medidas como la medida
de Hindle y la medida de Lin.

1.2.4 Modelo del lenguaje

Podemos ver la tarea de encontrar la plausibiligacierto argumento para un conjunto
de oraciones como estimar una palabra dado unxtorgepecifico. Particularmente,
para este trabajo podemos considerar el conterto ¢as relaciones gramaticales para
un verbo en particular:

P(wic) = Plc)cF{dw)

gue puede ser estimada de muchas formas. Panimange, usando un modelo oculto
de Markov, o utilizando variables latentes paraugvizado, como ya vimos con los
modelos probabilisticos de indexado semantico taté?iLSI) (Hoffmann, 1999):

Plwe) =Y. F2) P{vfz)H{dz)

La probabilidad condicional puede ser calculadartirde conteos de frecuencia de
n-gramas.

En las siguientes secciones presentaremos unagstapgimple dentro del enfoque
del modelo de espacio de palabras (seccion 2eposhente presentaremos dos algo-
ritmos dentro del enfoque de modelo del lenguageqign 3).

2 Un modelo de espacio de palabras

Comenzaremos con un modelo simple para explorgudatbilidades de los ultimos
dos enfoques. En esta seccion proponemos un mbds#alo en el modelo de espacio
de palabras.

Para el modelo de espacio de palabras, podemosuionsia matriz donde, son
los renglones (documentos)ya; son caracteristicas. Puesto que esta matriz es muy
dispersa, usamos un diccionario de ideas afines quavizar los valores de los argu-
mentos. Para hacer esto, seguimos libremente @fjemfpropuesto por (McCartley
al., 2004) para encontrar el sentido mas frecuente, gresste caso usamos kogeci-
nos mas cercanos a cada argumenpara encontrar el predominio de una tripleta no
vista dada su semejanza a todas las tripletasntessen el corpus, midiendo la seme-
janza entre argumentos. En otras palabras, confjedarthyet al, 2004, Tejadat
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al., 2008a, 2008b) para desambiguacion de los sertaltas palabras, cada argumento
semejante vota por la plausibilidad de cada tiaplet
Z<V,a1,a2>ET sim(ay, x1) Py (v, aq, az)

Predominio(V,X,,X,) = - -
Y Z<v,a1,a2>€T sim_existe(ay, az, X1, X2)

dondeT es el conjunto completo de triplet&®erbg argumente, argumente>, Pu.e
es la méaxima verosimilitud d€verbq argumentg, argumenteg>, y

sim_existda,,a,,%,X,) =

1 sisim(a,x)sima,,x,)>0
0 deotraforma

Para medir la semejanza entre argumentos conssuimdiccionario de ideas afi-
nes usando el método descrito por Lin (1998a) usahdnalizador sintactico Minipar
(Lin, 1998b) sobre relaciones de corta distan@ajexir, previamente habiamos sepa-
rado las oraciones subordinadas. Obtuvimos tripleta;,a,> a partir de este corpus,
gue fueron contadas, y éstas fueron utilizadas t@enta construir el tesauro, como para
ser utilizadas como fuente de coocurrencias deogeytargumentos.

2.1 Evaluacién

Comparamos estos dos modelos en una tarea de pssadwiguacion siguiendo a
Weeds y Weir (2003). Primero, obtuvimos triple(asai,a2> del corpus. Después,

dividimos el corpus en entrenamiento (80%) y pru@f&sc). Con la primera parte en-
trenamos el modelo probabilistico de indexado sén@latente y creamos el modelo
de espacio de palabras. Este modelo de espacmla@as también se utilizo para ob-
tener la medida de semejanza para cada par de emtpsnDe esta forma podremos

calcular la plausibilidad dév,al,a2> . Para la evaluaci@amos 4-tuplas artificial-
mente:(v, alaza;> , formadas al tomar todas las triple{t\a,sai,a?> cdglus de
prueba, y generando una tupla artifio(afl,ai,a;> eligienda &, aleatoria tal que

r, =r,, asegurandose de que esta nueva trip(lwai,a?> Creea@r@mente no

estuviera presente en el corpus de entrenamienttarea consiste en seleccionar la
tupla correcta. Es posible que ocurran empatesdocuambas tuplas tienen la misma
calificacion (y ambas son distintas de cero). Caapas los dos modelos, uno basado
en modelos estadisticos del lenguaje (vea la se&}ig el modelo de espacio de pala-
bras. Utilizando el corpus de patentes de la ca@laddll de prueba para el sistema de
recuperacién de informacion NTCIR-5 (Fuji and Iwanga 2005), analizamos 7,300
millones de palabras, y después extrajimos la @aderrelaciones de una forma diri-
gida, es decir, para la oracion: X suma Y a Z poeXttajimos las tripletas <suma, suj-
X, obj-Y>, <suma, obj-Y, a-Z>, y <suma, a-Z, por-Webtuvimos 706 millones de
tripletas de la formaw al, a2>. Consideramos sélo relaciones asimétricas eneaden
das para evitar semejanzas falsas entre palabeasogaurren en la misma oracion.
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Siguiendo a Weeds y Weir (2003), elegimos 20 verbokriendo verbos de alta
frecuencia y verbos de baja frecuencia, y para oadaextrajimos todas las tripletas
<V, a, &> presentes en el corpus de tripletas. Despuésagwls los experimentos con
el algoritmo basado en PLSI y el algoritmo basadelenodelo de espacio de palabras
(WSM).

Experimentamos con diferentes nimeros de topicos lpavariable latente en
PLSI, y con un numero diferente de vecinos par@sduro de Lin para expandir el
modelo de espacio de palabras. Los resultados sstrano en la figura 2.

2.2 Analisis

Hemos mostrado resultados para un algoritmo basa@benfoque del modelo de es-
pacio de palabras para la extraccion no supervidadgagumentos plausibles para un
verbo, y lo comparamos con un enfoque probabitisiie indexado semantico latente
(PLSI), encontrando evidencia particular para rigispda afirmacion de que es posible
lograr buenos resultados con el método que votdript&tas comunes usando un te-
sauro distribucional. Los resultados parecen sesistentes con trabajos previos que
usan diccionarios de ideas afines (Cadtal.,2005; Tejadat al, 2008a; 2008b): el
afiadir informacién incrementa la cobertura con Eammificio en cuanto a precision.

No usamos ningun otro recurso después del anatisleddependencias, como reco-
nocedores de entidades nombradas, o datos etigsgiach entrenar a un algoritmo de
aprendizaje por computadora, asi que a partir tdee¢mpa, el algoritmo es no supervi-
sado.

Para desarrollar mas este enfoque, es necesaeoiregptar con el limite superior
del incremento de cobertura, puesto que cada veeidiccionario de ideas afines esta
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Figura 1. Resultados para (t6picos)-PLSI y (veQiWUSM.
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afiadiendo ruido. Hemos experimentado con la car@tm del tesauro usando el
mismo corpus; sin embargo, podrian encontrarseetiféas significativas si se usa un
corpus enciclopédico para construir el dicciongpaes podria contarse con un con-
texto mas amplio y rico.

Como trabajo futuro, también es posible experimecoa el efecto de usar otras
medidas de semejanza, asi como construir una debt®mejanzas con objetos mas
simples: un sustantivo simple en lugar de un oljetopuesto.

En la siguiente seccion exploraremos propuestase@ncuentran dentro del mo-
delo del lenguaje.

3 Modelo del lenguaje basado en dependencias

La mayor parte del trabajo previo en modelos dejlaje estadisticos esta orientado a
tareas de reconocimiento de voz (Clarkson and Relseri997; Rosenfeld, 2000) me-
diante modelos de entropia méaxima. Usualmenteddeblimitaciones de espacio es-
tos modelos se limitan a modelos secuencialedgtarnmas. Diversos trabajos (Gao y
Suzuki, 2003; Gaet al, 2004) han mostrado que depender Unicamente denmag
secuenciales no es siempre la mejor estrategiai@oe el ejemplo tomado de (Gao y
Suzuki, 2003){Un bebé] [en el asiento de al lado] lloré [durantedo el vuelo] Un
modelo de n-gramas trataria de predecir lloré trghral lado, en tanto que un modelo
del lenguaje basado en dependencias (DLM por glas®n inglés) trataria de predecir
llor6é a partir debebé

En esta seccidn exploramos la creacion de un DL pltener ocupantes de esce-
narios factibles, que pueden ser vistos como exm@derencias de seleccion (Resnik,
1996) pero con un contexto més amplio para cadpamte. Mostramos en la seccion
3.1.1 cémo esta informacion adicional ayuda a a@steh mejor candidato ocupante;
posteriormente en la seccién 3.1.2 y 3.1.3 presm#aiuestras implementaciones de
dos modelos para crear un DLM, uno basado en mege@babilisticos de indexado
semantico latente (PLSI) (seccién 3.1.2) y uno thasm los k vecinos mas cercanos
(KNN) (seccion 3.1.3). En la seccion 3.2 descritimaestros experimentos para com-
parar ambos algoritmos en una tarea de pseudodiggeamidn. Analizaremos nuestros
resultados en la seccion 3.3.

3.1 Modelos para la estimacion de argumentos plausibles

3.1.1 Ocupantes factibles para escenarios

Consideremos que queremos encontrar el objeto acéiblé de ser comido dado del
verbocomer Puesto queomertiene diversos sentidos, el ocupante para ekrobjeto
comido decomerpodria ser comida, o podria ser un material, déipado de quién
estd comiendo. Por ejemplo, si el sujeto es aeidimnces el objeto comido podria ser
metal o algin otro material (el acido semeal metal).

Si se considera el problema de estif@a|v,a;) en lugar de estimar Unicamente
P(azlv), dondea, ya, sonargumentosyy es un verbo, puede e el problema
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de la dispersién de los datos se aumenta. Estmbaesuelto principalmente usando
recursos externos como WordNet (Resnik, 1996; Miti@and Carroll, 2006; Agirre
and Martinez, 2001); recursos anotados con rolegstcos, como FrameNet, Pro-
pBank (Padé and Lapata, 2007); un reconocedor tittaeles nombradas como Identi-
Finder (Salgeir@t al, 2006); u otros diccionarios de ideas afines mamesste creados
(Kawahara and Kurohashi, 2001).

Un objetivo de esta seccién es encontrar hastg@dd la informacion del corpus
en si mismo puede ser utilizada para estigaiv,a;) sin utilizar recursos adicionales.
Para esto, diversas técnicas se utilizan para tatael problema de dispersion de los
datos. Describimos dos de ellas en la siguientg@ec

3.1.2 PLSI — Modelo probabilistico de indexado semantictatente

Puesto que queremos considerar la correlaciérsdedmumentos, usaremos la siguiente
informacion:P(v,r1,n,r2,nz), dondev es un verbo,ires la relacion entre el verbawy
(sustantivo) como sujeto, objeto, preposicion ceglolo.r, y n, son anélogos. Si asu-
mimos quen tiene una funcién diferente cuando se usa correlaaion, entonces po-
demos considerar quey n forman un nuevo simbolo, llamadoDe esta forma pode-
mos simplificar nuestra 5-tuplaPdv,a:,a2). Queremos saber, dado un verbo y un argu-
mentoay, cuala; es el mas plausible, es decir, queremos s@{®|v,a;). Podemos
escribir la probabilidad de encontrar u verbo etigdar y dos de sus relaciones sin-
tacticas como:

P(v,a1,82) = P(v,a1) P(a|v,a1),

gue puede ser estimada de distintas formas. Partivente para este trabajo, usamos
el modelo probabilistico de indexado latente semmarfHoffmann, 1999) porque po-
demos explotar el concepto de variables latentessguencargan de la dispersion de
los datos.

El modelo probabilistico de indexado latente semar{PLSI por sus siglas en in-
glés) fue introducido en (Hofmann, 1999), y surdél indexado latente semantico
(Deerwester et al., 1990). Este modelo intentaiasooa variable de clase no obser-
vada =7={z4, ..., 4}, (en nuestro caso una generalizacién de la awi@h de la co-
ocurrencia de/,a y az), y dos conjuntos de observables: argumentosriyogeargu-
mentos. En términos de un modelo generativo puedéesinido como sigue: se selec-
ciona un paw,a con probabilidadP(z|v,a) y finalmente un argumento es seleccio-
nado con probabilidaB(az|z). Usando PLSI segin (Hoffmann, 1999), es posibte-o
ner:

P(v.a1,a;) = ) PGP(@|2)P(v, a)l2),

dondez es una variable latente que captura la correlamidrea, y la coocurrencia de
(v,a) simultaneamente. Usando una variable latente garalacionar tres variables
puede conducir a un mal desempefio de PLSI, pardeq la siguiente funcidn explo-
raremos diversas formas de explotar el suavizadegr@bles latentes semanticas.
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3.1.3 Modelo de K vecinos mas cercanos (KNN-expansor)

Este modelo usa Idsvecinos mas cercanos de cada argumento para eacianptau-
sibilidad de una tripleta no vista, dada su senzey@on todas las tripletas presentes en
el corpus, midiendo su semejanza entre argumeRt@Esto que los votos son acumu-
lativos, las tripletas que tienen palabras con rasigfalabras semejantes tendran mas
votos.

Las medidas usuales de semejanza incluyen la diateuclidiana, coseno, y el coe-
ficiente de Jaccard. Weeds y Weir (2003) muestrtanlg medida de semejanza con
mejor desempefio es la medida distribucional dedshgue usamos esta medida para
suavizar a los K vecinos mas cercanos, siguiengwoeledimiento descrito por (Lin,
1998b).

3.2 Experimentos y evaluacion

Para estos experimentos, usamos el mismo marcenpael® en la seccién 2.1. Crea-
mos 4-tuplas artificialegv,a,a,,a,) , formadas tomando tddastripletas(v,a,,a,)

del corpus de prueba, y generando una tripletficati <v,a],a;> eligiendo unaa'2
aleatoria conr, =r,, asegurandose de que esta nueﬂ&rﬂdbatoria(v,a],a’z> no

estuviera presente en el corpus de entrenamieattarka consiste en seleccionar la
tripleta correcta. Al igual que en la seccidn 2tillizamos el corpus NTCIR-5 Patent.

3.2.1 Comparacion del efecto de afiadir contexto

Para este experimento, creamos un mini-corpus rtmjtonsistente en 1000 tripletas
para cada uno de ciertos verbos elegidos del cappstentes: afiadir, calcular, venir,
hacer, comer, fijar, ir, tener, inspeccionar, agegngustar, leer, ver, parecer y escribir).
Queremos evaluar el impacto de afladir mas infoldngeara la prediccion de los ar-
gumentos de los verbos, asi que estimamos la pibdail de un argumento dado un
verbo:P(az‘v); después la comparamos con el uso de infadmaglicional de otros

argumentos para ambos model&;|v,a1).

Para palabras completamente nuevas a veces nsibkefiener un estimado, asi que
medimos tanto precisién como recuperacion. La pi@timide cuantas adjunciones se
predijeron correctamente de los ejemplos cubiendsntras que la recuperacion mide
la adjuncion correcta para todo el conjunto delpauBlos interesa en medir la precision
y la recuperacion de estos métodos, asi que n@mgritamos ninguna técnica de re-
troceso.

3.3 Anadlisis

La operacién por separado en verbos (un mini-cappuserbo) da mejores resultados
para PLSI (la precision se encuentra arriba de Si8)embargo esto parece no afectar

Research in Computing Science 47 (2012) 168



Aprendizaje de argumentos verbales completos y su plausibilidad en oraciones a partir de corpus

0; ] \

0.8 -

32 ] \\——«—4—0——0——0 -
05 / \ vl

0.4
03 /

8'i | J ._-FH-:-::.E “‘.'

0 T T 1
& S N N NS N S I S T
& Qy Q \‘? LFFIFELELLL L L L

S 6) Q@ Q@ QV‘S Q@ Q@ QV‘S QV‘S
v o) '»é ¢>+ SIS
S MRS
—&—P(a2|v)P P(a2|v,al)P —&—P(a2|v)R —ll—P(a2|v,al)R

Figura 2. Efecto de afiadir mas contexto: predicbasa so6lo en el verbo vs. prediccidon
basada en el verbo + un argumento. KNN-Expansanasodelo basado énvecinos
mas cercanos

a KNN-Expansor. Para poco context%(az‘v), PLSI funciongiomque KNN-

Expansor. Para mas context@( vV, al), KNN-Expansor funciejor.

En general, PLSI prefiere un numero pequefio dedépincluso para un corpus
grande (al rededor de 20 tépicos para el corpusgraxie de experimentos). KNN-
Expansor parece mejorar la recuperacion uniformémmeurando se afiaden mas veci-
nos, perdiendo poca precision. Expandir con poeggwos (1 a 5) parece no ser muy
atil. Particularmente es posible ver en la Figuigu2 cuando la recuperacion es muy
baja, la precision puede ser muy alta o muy bato Es porque cuando se resuelven
muy pocos casos, el desempefio practicamente teesde aleatoria. En general, los
resultados de recuperacion parecen ser bajos dalgjde no utilizamos ningdn método
de retroceso. Si comparamos la precision de KNNakgpr, modelo completo (basado

en mas contexto), podriamos pensar que retrocedeBhbasado en pard%(a2|v)

daria mejores resultados, pero esto se ha dejado tabajo futuro.

Evaluamos dos diferentes modelos del lenguaje basan dependencias con una
prueba de pseudodesambiguacion. El modelo basad®@nos cercanos (KNN-
Expansor) se comporta mejor que PLSI cuando sermenta la dispersién de los datos
al afladir mas informacién. Un suavizado efectivtogea al votar usando medidas de
semejanza del tesauro distribucional de Lin.

Puesto que el modelo PLSI que estamos usandodiemenanejar diversos argu-
mentos con una sola variable latente, es posiliiegneen una mejora que consiste en
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interpolar diversos modelos de PLSI para manejargos argumentos. En la siguiente
seccion daremos detalles de este modelo.

4 PLSI interpolado

En esta seccién proponemos un nuevo modelo llaira&d interpolado, que permite
usar multiples variables semanticas latentes. d&igtgitmo esta basado en el algoritmo
descrito en la seccién 3.1.2.

4.1 iPLSI - PLSI interpolado

La férmula para PLSI previamente utilizada aglontarasociacion de informacion de
a2y v, a simultdneamente en una misma variable latente. &sisa dos problemas:
primero, escasez de los datos, y segundo, fijartalecion entre dos variables. De aqui
gue propongamos una variacion para este calcutalosaterpolacion basada en cada
par de argumentos para una tripleta.

Una forma interpolada para estimar la probabilidadina tripleta basada en las coocu-
rrencias de sus diferentes pares estd dada por:

P(via,a,)= f.(va)f(a)+ f.(va)f(a)+f,(a,a)f(a,)
+f,(v.a,a)+ f,(v.a,8) + f.(v.a,8,)
.(va,a,) ZP [P(v.a,a) P(a/a)

o(V.2,3,) ZP (b) (P(a,3,|b,) B(vib)
(v.a,3,) ZP )[P(v,ajc,) B(a,lc,)

Note quea; (Ios tépicos de la variable latente) no debe sefuraida cora; y az
(los argumentos).

4.2 Experimentacion

Comparemos estos dos modelos en una tarea de dgsanibn, como se mostré en la
seccion 2.1y 3.2. Sin embargo, para tener un ramgoamplio de palabras coocurren-
tes, para estas evaluaciones utilizamos el corpiWacL (Ferraresi et al. 2008). Este
corpus es un corpus grande balanceado tomadoweblacon méas de 2 billones de
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Figura 3. Promedio de precisidon y cobertura pasaddginales PLSI y KNN-
Expansor, mostrando la tasa de aprendizaje (ca@at@mne un nimero diferente de
tripletas por verbo, tpv). No se us6 umbral dedesia. Los ndmeros en la parte infe-
rior muestran el numero de topicos para PLSI yiel@ro de vecinos para KNN.

palabras Creamos dos conjuntos de palabras para los vejdmgsr, comer, sumar,
calcular, fijar, leer, escribir, tener, aprendagpeccionar, gustar, hacer, venir, ir, ver,
parecer, dar, tomar, mantener, hacer, poner, ermeair, obtener, caminar, correr, es-
tudiar, necesitar y devenir. Estos verbos fueregidbs como una muestra de verbos
frecuentes, y verbos poco frecuentes.

También hay verbos que pueden tomar una gran aafiéel argumentos, conm-
mar (es decir, su ambigiiedad es alta). Cada conjunpaldbras contiene 1000 o 2500
tripletas de verbos para cada verbo. El primerwinjde palabras se evalué contra
5,279 tripletas de dependencias de verbos, miegtra®l segundo conjunto de pala-
bras se evalué con 12,677 tripletas de dependedeiasrbos, correspondiendo apro-
ximadamente al 20% del total de tripletas en cadguato de palabras.

2 Una herramienta para hacer consultas de concaasgaaceste corpus puede encontrarse en
http://sketchengine.co.uk
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4.2.1 Resultados del algoritmo original con el nuevo cows

En esta seccion presentamos nuestros resultadoglparevo corpus presentado en la
seccién 4.2. Las pruebas fueron llevadas a cabaicdghtépicos para PLSI y un valor
de 100 vecinos para KNN-Expansor. Vimos en la $ec8i2 que para estimar la pro-
babilidad de un argumenég, P(az|v,a1) funciona mejor que(az|v). Los experimentos
realizados con este nuevo corpus confirman esegistintos tamafios de los conjun-
tos de palabras. En la mayoria de los casos KNNuiSqr se comporta mejor que el
PLSI original en precision y recuperacion (la mejie las variaciones de KNN-
Expansor es mejor que la mejor de las variacioredldSI). Contrario a KNN-
Expansor, el desempefio de PLSI se incrementa emdag se incrementa el tamafio
del conjunto de palabras, probablemente debidaeaegiste mayor confusién al usar
el mismo numero de topicos. Esto puede ver tamiéla Figura 3: la recuperacion
mejora ligeramente para conjuntos de data maygmes) mas tépicos.

4.2.2 Medicién de la tasa de aprendizaje

Este experimento consistié en incrementar gradughre namero de tripletas de 125
a 2000 tripletas de dependencias por verbo (g @eaminar los efectos de usar cor-
pus mas pequefios. Los resultados se muestranfeguia 3. En esta figura KNN-
Expansor sobrepasa a PLSI cuando se afiade masldafm®cisiéon de KNN es mas
alta también en general en todos los experimehtiss mejores resultados para PLSI
se obtuvieron con 7 tépicos, mientras que para kd$Nnejores resultados se obtuvie-
ron con 200 vecinos.

4.2.3 Resultados sin pre-filtrado

Los resultados anteriores usaban un umbral deilpreedd de 4, esto quiere decir que
tripletas con menos de 4 ocurrencias fueron dedesh&uando quitamos este filtro,
los resultados para KNN caen dramaticamente. PEQlapaz de mantener un buen
desempenfio con 20 tépicos. Esto sugiere que PL&ipee de suavizar mejor ocurren-
cias simples para ciertas tripletas. KNN es mefjdradajar con tripletas que ocurren
frecuentemente. Requerimos un método que puedganacerrencias de palabras no
frecuentes, puesto que el pre-filtrado implicatei@érdida de informacién que podria
ser Util posteriormente. Por ejemplo, imagine tpaglinose menciona sélo una vez
en el conjunto de entrenamiento. Consideramos gim@ortante poder aprender in-
formacion de entidades mencionadas escasamerggiante seccion presenta resul-
tados con respecto a la mejora de PLSI para maglejaentos no filtrados.

4.3 Resultados de iPLSI

Como vimos en la seccion 4.1, probamos diferentadefos para combinar las varia-
bles semanticas latentes. EI mejor modelo que ohas/combina las medidas de
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(v,a), (an,&) y (v,&), respectivamente, dando una precisiéon de 0.8@&yecuperacion
de 0.83.

También realizamos pruebas con n-gramas purositfiizar tripletas de dependen-
cias, como en todas las pruebas anteriores). Vereme los mismos componentes
también dan la mejor solucién.

4.4 Prueba con n-gramas

Realizamos esta prueba para corroborar que losdraponentes estan contribuyendo
a la interpolacién, asi como para evitar la tenideqge el analizador sintactico pudiera
estar provocando.

La prueba de n-gramas se realiz6 seleccionandarmis de bigramas del corpus
UKWaC de una forma parecida a la de los experinsgotevios. Sin embargo, en este
caso no usamos relaciones de dependencias, sitangasrdeslizantes de hexagramas
distribuidas en trigramas como un intento de inlddorma en la que palabras de fun-
cion (como preposiciones o determinantes) afectas &ipletas en el modelo de de-
pendencias. Los trigramas fueron extraidos paramas relacionados con los mismos
verbos descritos en la seccién 4.2.

La tarea consistié, como con la tarea de las taplde dependencias, en elegir una
entre dos opciones del par 1. Usamos 80% de fprsutnas como una base para entre-
namiento, y el 20% para la prueba. Las pruebasadiearon con 500 tripletas por verbo
hasta 5,000 tripletas por 2000, probando todalabinaciones posibles de elementos
de {, a, a&). Al igual que en el caso anterior, combinar laslidas dey,a), (a1,a2) y
(v,&) tuvo el mejor desempefio (precision de 0.77 y @& fecuperacion para 500
tripletas por verbo).

4.5 Andlisis

Vimos que el algoritmo KNN-Expansor se desempefjamagie el PLSI de una sola
variable latente, y estudiamos la tasa de aprejedigambos algoritmos, mostrando
gue KNN incrementa la recuperacion cuando se ldafimas datos, sin perder mucha
precision; sin embargo, KNN-Expansor requiere fregnte una fase de pre-filtrado
gue eventualmente conduce a una pérdida imporntienpalabras que ocurren escasa-
mente.

Estas palabras son importantes para nuestros [i@pgsues quitarlas nos quita la
posibilidad de generalizar palabras raras paramsedilausibilidad. El algoritmo pro-
puesto de PLSI interpolado (iPLSI) soluciona estdigma, dando mejores resultados
gue el PLSI de una sola variable. Encontramos gyp@sible seleccionar el hexagrama
mas factible de dos, con un 77% de recuperaci@mpgramas puros agrupados como
trigramas de bigramas, y hasta un 83% de recugerpara trigramas de dependencias.

Las pruebas conducidas muestran que es posiblciegiar el candidato correcto
para una tripleta que puede ser vista como partmd@racion. Esto permite calcular
el argumento mas plausible en una oracién, usandmntexto mas amplio dado por
un verbo y otro argumento.
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iPLSI ha funcionado mejor que el modelo previo éNK pero adn quedan aspectos
para mejorar. Particularmente, estamos estimandodeurrencia de dos argumentos
simultaneamente. Para determinar si usar mas argases mejor para la prediccion
de argumentos, proponemos un modelo que nos perattr esto en la siguiente sec-
cion, y después lo comparamos con los métodosqwevi

5 La necesidad de medir todas las coocurrencias

Hemos visto previamente que considerar simultanetarees argumentos da mejor
precisién que considerar Gnicamente dos, con @ér@ida de recuperacion. Kawahara
y Kurohashi (2006) realizan desambiguacion de \&epawa aprender preferencias di-
ferenciando el verbo principal con el argumento gg&sano. Por ejempiagar una
bromay jugar un juegdendran distintas preferencias de sus otros angiasiesin em-
bargo, en algunos casos esto no es suficiente, poade verse en el siguiente ejemplo,
donde el verbo tiene diferentes significados dejesitid de un argumento lejano:

Poner una escena para los amigos en el teatrogmauwtuar) y
Poner una escena para los amigos en la TV (reprdduc

Trabajos recientes han propuesto un enfoque disativo para aprender las preferen-
cias de seleccion, comenzando con Bergsinal. (2008). Ritteret al. (2010) y O
Séaghdha (2010) proponen LinkLDA (Latent Dirichddibcation), un modelo con va-
riables de tépicos ocultas obtenidas de la mismsailolicion para modelar combina-
ciones de <sujeto, verbo, objeto> tales como <hepdome, ramen> y <vaca, come,
pasto>.

Sin embargo, estos trabajos consideran a lo masioaks trinarias. Motivados por
el problema de considerar tantos argumentos compasble para agrupar las prefe-
rencias de los verbos, proponemos aqui un modelergepara aprender todas las pre-
ferencias correlacionadas en una oracion, perrditiéos medir la plausibilidad de su
ocurrencia. Adicionalmente, este modelo nos peraste tanto recursos estadisticos
como recursos manuales como diccionarios o Worghlet mejorar la prediccion. En
particular, mostraremos un ejemplo del uso de PinBdrmacion mutua y WordNet
para medir la plausibilidad.

5.1 Método

Primeramente construimos el recurso para contacdasurrencias. Hacemos esto,
como en los casos anteriores, analizando sintaoticte el corpus UKWaC con
MINIPAR (Lin, 1988) para obtener una representa&dnatizada de dependencika
oracionPoner una escena para amigos en el teag@onvierte en

Poner obj:escena para:amigo en:teatro.

Después pre-calculamos las estadisticas de infadmawtua entre todos los pares de
palabras, por ejemplo: (poner, obj:escena), (popara:amigo), (poner, en:teatro),
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(obj:escena, para:amigo), (obj:escena, en:tedpada:amigo, en:teatro). Después pro-
cedemos a calcular la representacién en topic@sqaata palabra usando PLSI.

5.2 Ensamblaje de las caracteristicas para entrenamieoty prueba

Una vez que se construyen los recursos de PLSI ly &vanalizan las oraciones de
entrenamiento y prueba con MINIPAR, pero solo deatel primer nivel de analisis
superficial. Asignamos las caracteristicas a pos&s en un vector. Cada argumento
tiene una posicion fija, por ejemplo, el sujetargee ira en la primera posicion, el
objeto en la posicion 75, los argumentos comenzandoen en la posicién 150, etc.
De esta manera, las correlaciones pueden ser adptuusando aprendizaje automa-
tico. En particular, usaremos una maquina de sepedtorial (SVM). Hemos elegido
un nicleo polinomial de segundo grado, de tal fogue pueda capturar las combina-
ciones de caracteristicas. Cada una de las cdsdics de los argumentos se descom-
pone en diversas subcaracteristicas. Estas suterésticas consisten en la proyeccion
de cada palabra en el espacio de tépicos de RLBifdrmacion puntual mutua (PMI)
entre la palabra objetivo y la palabra caractesdsi la proyeccion de la palabra carac-
teristica en el espacio de WordNet. La informagdntual mutua se calcula como si-
gue:

logP(t,,t
PMI (t, t,) =g(t(t1 )2)
1172

5.3 Experimentos

Como en los experimentos anteriores, realizaremastarea de pseudodesambigua-
cion. Esta tarea consiste en cambiar una palaletivab(en este caso, el objeto directo)
y después el sistema identificara la oracion massible considerando el verbo y todos
sus argumentos. Por ejemplo, para las oracionesm{ arroz con palillos en la cafe-
teria y 2) como bolsa con palillos en la cafeteriaistema deberia ser capaz de iden-
tificar la primera como la oracion mas plausiblsteEexperimento es similar a los pre-
vios mostrados en las secciones 2.1, 3.2 y 4.2, gxeeste caso estamos considerando
frases completas en lugar de sélo cuadruplas. @hdsval azar 50 oraciones del cor-
pus WSJ para los verbos: jugar, comer, sumar, lea)dijar, leer, escribir, tener, apren-
der, inspeccionar, gustar, hacer, venir, ir, vareper, dar, tomar, mantener, hacer, po-
ner, enviar, decir, obtener, caminar, correr, eatudecesitar y devenir. Estos verbos
fueron elegidos como una muestra de verbos altanfittuentes, asi como de verbos
poco frecuentes. También son verbos que puedenueagyran cantidad de argumen-
tos, comaomar, es decir, su ambigliedad es alta. Para el entientmncreamos con-
juntos de palabras para los mismos verbos. Cadartorde entrenamiento contiene
125, 250 o 500 tripletas de dependencias paraveatta. Cambiar el tamafio del en-
trenamiento nos permite contestar a la preguntecaa® ¢qué tanta informacion se
requiere por cada verbo para poder aprender ajodisativo?
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Los conjuntos de palabras se utilizaron tanto pateenar al modelo PLSI como
para crear la base de datos PMI. Después los misonfintos de palabras se utilizaron
para entrenar a la maquina de soporte vectoridW{}SCada oracion fue tratada como
una linea, tal como se describe en la secciércbr2eada caracteristica expandida en
subcaracteristicas de PLSI (t6picos). Generamoswsplos falsos aleatoriamente
por cada buen ejemplo, para que la SVM tenga efsge cosas correctas, como de
cosas incorrectas.

5.4 Adicién de informacién manualmente obtenida

Como se describio en la seccion 5.2, afladimosnmoion manualmente obtenida a
las tablas de entrenamiento y prueba. Esta infadmaonsiste en la distancia a los 38
conceptos superiores de WordNet, seguin fueron pebdpsi por Miller: tierra, objeto,
ser, humano, animal, flora, artefacto, instrumeulispositivo, producto, escritura,
construccion, trabajador, creacién, comida, behozgcion, simbolo, sustancia, di-
nero, ropa, sentimiento, cambio de estado, movitmjezfecto, fendmeno, actividad,
acto, estado, abstraccién, atributo, relacion, iwd@m unidad, relacién, tiempo y
fluido.

Los resultados de los experimentos aparecen éguieste tabla.

Conjunto 125
PMI  PLSI WN Aprendizaje Cobertura  Precision Recup. F

0 0 1 68.36% 89.44% 54.88%  49.09% 51.82%

0 1 0 89.59% 82.61% 66.96%  55.23% 60.53%

0 1 1 92.60%  96.09% 63.23%  60.76% 61.97%

1 0 0 93.63% 46.62% 70.98%  33.10% 45.15%

1 0 1 94.55% 94.88% 65.85% 62.48% 64.12%

1 1 0 97.14% 83.03% 66.09%  54.85% 59.95%

1 1 1 98.01% 96.09% 65.26% 62.71% 63.96%
Conjunto 250

0 0 1 67.85% 89.49% 53.87%  48.21% 50.88%

0 1 0 88.01% 87.02% 69.44%  60.43% 64.62%

0 1 1 90.82%  96.28% 68.22% 65.69% 66.93%

1 0 0 93.24% 55.18% 70.34% 38.81% 50.02%

1 0 1 93.78% 95.39% 64.86% 61.87% 63.33%

1 1 0 96.88% 87.12% 68.99% 60.11% 64.24%

1 1 1 97.28% 96.28% 66.10%  64.64% 65.36%
Conjunto 500

0 0 1 91.09% 89.49% 46.75%  41.84% 44.16%

0 1 0 86.75% 91.58% 68.32% 62.57% 65.32%

0 1 1 93.46% 96.79% 54.37% 52.63% 53.49%
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1 0 0 92.95% 64.62% 65.11% 42.07% 51.11%
1 0 1 93.46% 95.72% 63.18%  60.48% 61.80%
1 1 0 96.65% 91.72% 68.77% 63.08% 65.80%
1 1 1 96.68% 97.69% 65.51% 63.41% 64.44%
Promedio
0 0 1 91.09% 89.47% 51.83%  46.38% 48.96%
0 1 0 86.75% 87.07% 68.24%  59.41% 63.49%
0 1 1 93.46% 96.39% 61.94% 59.69% 60.80%
1 0 0 92.95% 55.47% 68.81% 37.99% 48.76%
1 0 1 93.46% 95.33% 64.63% 61.61% 63.08%
1 1 0 96.65% 87.29% 67.95%  59.35% 63.33%
1 1 1 96.68% 96.69% 65.62% 63.59% 64.59%

A partir de estos resultados, es posible ver qua grayoria de los casos, combinar
las tres fuentes de informacidon mejora la tasapdenalizaje, aunque separadamente,
PMI provee la tasa de aprendizaje mas alta. Lartunlaesiempre es mejor cuando se
combinan los tres recursos, sin embargo, la pgetiss mejor usando sélo PMI para
pequefias cantidades de datos de entrenamientantenciue PLSI da mejor soporte
cuando se afiade mas informacion. La recuperaciémager para los casos que invo-
lucran la ayuda de informacion de WordNet. En prdimea excepcidn de la precision,
los mejores valores se obtienen cuando se comhbigdres recursos.

6 Conclusiones y trabajo futuro

A pesar de la poca cantidad de datos de entrenimiemos sido capaces de obtener
tazas de prediccion por encima de una linea biags tte seleccion aleatoria entre dos
opciones. Con estos experimentos fue posible detarral impacto de usar diversos
recursos, y ademas de medir el beneficio de usaragelo en conjunto para aprendi-
zaje con maquinas de soporte vectorial, en comjgeraon un simple modelo proba-
bilistico de indexado semantico latente. Encontsamee al considerar todas las co-
ocurrencias de los argumentos en una oracién irareEnia recuperacion en un 10%.
También observamos que, como se esperaba, afiaslimfodmacion incrementa la
cobertura; sin embargo, la recuperacion se increm@mmayor medida usando maqui-
nas de soporte vectorial sobre los modelos prdktibis de indexado semantico, que
usando éstos ultimos Unicamente.

Usar SVM incrementa la cobertura, la precisién yeleuperacion, incluso cuando
se entrena con la misma informacion disponible par@l. Esto sugiere que generar
ejemplos negativos aleatoriamente, y aplicar apzejel automatico a esta muestra,
puede mejorar el desempefio de las tareas quantitiodelos basados en topicos.

Hemos propuesto un modelo que integra informacsdadéstica (PLSI y PMI) con
recursos manualmente producidos como WordNet, ywhgmobado que el desemperio
se incrementa de esta manera, aunque el incremeritee tan significativo como es-
perabamos. La mayoria de las caracteristicas quatnoyen al desempefio vienen de
PLSI. Sin embargo, el aprendizaje automatico sér8l tiene la ventaja de poder
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capturar la correlacion entre todos los argumemosposicion al modelo simple de
PLSI.

Los trabajos futuros derivados de éste pueden derasiexplorar un modelo mate-
matico de tres variables basado en PLSI en lugamdeinterpolacién por pares, asi
como otras variaciones de iPLSI como uno basaddosretapas, que consistiria en
relacionar dos variables semanticas latentes carvanable latente en una segunda
etapa.

Puesto que la prueba que realizamos produce dltermaleatorias, nuestro sistema
podria seleccionar candidatos mas probables qaetl, por ejemplo, si en el texto
existiera “vaca come heno en el patio”, la altevaagenerada automaticamente dijera
“vaca come pasto en el patio”, y el sistema sedezra la segunda como mas probable,
seria considerada como un error, aunque podemagieano es asi. Aunque se espera
gue el efecto de esto sea despreciable, debertarssiderado en futuros andlisis.

Como trabajo futuro, planeamos evaluar con congudéopalabras mas grandes, asi
como evaluar el desempefio de nuestro modelo es @raas como resolucion de
anéafora o deteccion de coherencia de oraciones.
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