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Abstract - Nowadays, in university environments,
communication between teachers and students causa,

OBJECTIVES

many cases, an excessive demand on the teacher's

response capacity. This demand is even stronger in

The main goal of the system is to improve and ojgém

Distance Education, as in the case of UNED (Spanish these relationships between the students and teaabrein

University for Distance Education) where usually tls
communication is via email. The main objective of he
paper is to describe the research done to developteol
that improves and optimises these relationships byeans
of more efficient use of the available informationof the
organizations. In order to achieve this goal, we &
developing an intelligent manager able to answer th
students’ questions automatically, using the knowbpe
stored in Learning Management Systems (LMS) as
dotLRN, Moodle, WebCT; indexed in search engines as
Google or Yahoo; or data repositories as Wikipedizaor
institutional databases.

other environments, for example companies and mests
by means of a more efficient use of the knowledgeesd in
the new e-learning platforms [5].

The real problem in our organization is
communication and dispersion of information. We asang
several e-learning platforms with information aboaturses
and technical documentation, such as dotLRN, WebGd
Moodle. Our organization also has information aaalg on
the official Web Site, in the faculties Web sitesldinally in
every department Web Site.

When a student needs to know something about a
course, or when a staff member is looking for saaecrete
information, usually a lot of time is spent, beaaitsis like

the

Index Terms interoperability, learning management systemso looking for a needle in a haystack.

(LMS), search engines, semantic web.
BACKGROUND

In university environments, the communication betwe
teachers and students causes, in many cases, assixc
demand on the teacher’s response capacity. Thiguuldns
even stronger in Distance Education, as in the cRE&INED
(Open University of Spain) where this communicatisn
usually by email, phone or e-learning platform.

The difficulties involved in maintaining the persbn

On the other hand, the students have many ways to
communicate with the teachers. For instance, thayally
use the phone or e-mail, but currently they are atng the
internal web mail of the dotLRN or WebCT platformsgth
the consequent problem of dispersion. Teachers twalk
in too many places for the students’ questions.

For that reason, UNED is working on the development
of a system that has the capacity to answer autcaigtthe
students’ questions. For that complex task infoiomat
already available in all these knowledge sourcel e
used: Web Sites, Learning Management Systems (LMS),

communication flow between the group members make databases, etc.

impossible to achieve an appropriate level of nwimy of
the students by the teacher [1].

The usage of these technologies creates new pnsble
innovative solutions from both

that require new and
pedagogical and technological points of view.

L OOKING FOR SOLUTIONS

In first place, it seems appropriate to take a l@dk
possible solutions to the problem. We will studg gystems

As a consequence, UNED has developed many projectsat can help us find the solution. For exampleg on

oriented to solve this problem, such as PedCar@[@hich

important knowledge source in the Internet is Wekija,

a new methodology based on CRM, and named LRM [3vhere people look for many different kinds of infation. If
(Learning Relationship Management), was created. HNve look for something closer to an answering maghime
optimized the treatment of the information flow andwill find the Indiana University ‘Knowledge Base'ro
communication processes between student and teadher artificial intelligence-based languages as AIML.| Aese

also monitored and evaluated the student procss$. it
This methodology is completed with the implemeotati

methodologies will be part of the final solutiorglping in
the design of the new system.

of intelligent tools based on an open and modular

architecture that enables integration with most thé

commercially available Learning Management Systems

(LMS) offering new and complementary services tht
satisfy the needs.
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I. Wikipedia

Wikipedia [11] contains a huge amount of informatio
Here people can find answers to a lot of questiosig the
internal search facility or by using a search eagnch as
Google.
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The problem is that it is not appropiate for FIGURE 1
organizational information, such as professorsetables in AN AIML FILE SHOWING PATTERNS AND TEMPLATES
University or product information in companies. iEeeems
necessary to look for solutions to enable new curti® be
added in an easy way.

In addition, Wikipedia is not able to give answéos
questions in natural language. That is to say,ofh&one
searches for ‘Mahatma Gandhi’, Wikipedia will retua
correct answer, but if it is asked ‘hello, | wolilke to know
where was Mahatma Gandhi born, please’, the reatgtsiot
so positive. The reason is that Wikipedia searelvesy term
in its knowledge repository, creating a list ofuiés with a
lot of noise.

Our solution must be able to accept natural languag
because it will receive the questions that studeetsl to a
teacher.

As can be seen in this example, the template iBeapib
the question matches the defined pattern. The dastgory
simply answers an input "what is your name" with a
statement of the bot's name. The second categowe\er,
says that the input "what are you called" shoulddurected
to the category that matches the input "what isr ymme",
in other words; it is saying that the two phrases a
equivalent.

Templates can contain other types of content, which
may be processed by whatever user interface theisbot
talking through. So, for example, a template may ldIML
tags for formatting, which can be ignored by clgeiat
don't support HTML.

This kind of technology is used to create convérsat
II. AIML (Artificial Inteligence Markup Language) bots about several themes, but it is necessargfined one
to one, every rule, specifying the pattern to meaaod the
template to apply. It is hard to maintain becausplan
AIML text file with several thousound entries ispossible
to manage.

The Artificial Intelligence Markup Language is a
derivative of XML (eXtensible Markup Language) [9ts
goal is to enable pattern-based, stimulus-respbne@ledge
content to be served, received and processed dWéfeand
offline in the manner that is presently possibléghWiTML  1Il. Knowledge Base: A Custom-built content managfer
and XML. This technology is usually used to createlndiana University
conversation applications (bots) about differeetties.

AIML describes a class of data objects called AIML
objects and partially describes the behavior of moter
programs that process them [10]. AIML objects aedenup
of units called topics and categories, which contaither
parsed or unparsed data. Parsed data is made up
characters, some of which form character data,samde of
which form AIML elements. AIML elements encapsuléte
stimulus-response knowledge contained in the dootime
Character data within these elements is sometiraeseg by
an AIML interpreter, and sometimes left unparsed |&er
processing by a Responder [8]. This Responder bartte
human-to-bot or bot-to-bot interface work betwearnML
interpreter and its objects.

In order to have the system ready to work, it is
neccesary to create an AIML file with all the rulesolved
in the conversations or used to answer questioasbuild
this AIML file, in first place, every expected qties must
have been defined, having in mind how to make ttem
matching using predicates. In the figure 1 it i®wad a
simple example of this usage:

The Indiana University Knowledge Base (KB) is an
online collection of short answers to questions uabo
information technology (IT), especially those relav to
students, faculty, and staff [18]. The Knowledge

nagement team writes the documents that makeheip t

nowledge Base and publishes them to the web.

The ‘Knowledge Base’ is made up of more than 12,500
files (each a one KB document), most consistingaof
question and an answer, formatted in Knowledge Base
Markup Language (KBML), a proprietary text markup
language described using SGML.

Thousands of KB documents have been written by
telephone, email, and walk-in consultants. Manyutioents
originate from questions asked of the consultantsthe
computing community. Also, as technologies changd a
new computing tools are introduced at Indiana Unsitg,
UITS system and service administrators and othewe f
departments across the entire Indiana Universitgtesy
revise and contribute information to help prepam f
changing support requirements [12]. It can be saan
example of how it works in the figure 2.

<category>

<pattern>WHAT IS YOUR NAME</pattern>
<template>My name is

<bot name="name"/>.

</template>

</category>

<category>

<pattern>WHAT ARE YOU CALLED</pattern>
<template>

<srai>what is your name</srai>

</template>

</category>
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w INDIANA UNIVERSITY

University Information Technolog
KNOWLEDGE BASE

LMY Menus  Glossary  Help
Enter search terms:
how to include images in aweb page?

O Include archived docurments &2
15 v | Search results per page

Showing Documents 1 - 15 oot of 32 for ‘how', and to', and ‘include’, and it

& How do | include graphical images on a web page?
e How do | include a background image on a web page?
& Lzing Microsoft FrontPage, which bots and other features will wark

FIGURE 2
INDIANA UNIVERSITY KNOWLEDGE BASE.

How does Knowledge Base find answers to question
Basically with a search engine that search in tiVIK
documents source. This solution is very practicatause
indexing new contents is very easy. The searchnenwill
do it for you.

In this case, it is not neccesary to create infeganles,
associating a question to an answer. The seardhesngil
do the pattern matching automatically and returlstaof
results, with the best documents to answer thetigues

However, this system also has several limitations

relating to scalability and the neccesity of a teafineshing
the content.

The use of XML-based format documents with both th

question and the answer enables easy searchingssex;
but, in fact, this system is not the natural preess
Company’s information does not appear in short deents
with both the question and the answer, but in ldagument
with a lot of information. So, it is neccesary toeate
custom-built content in order to maintain this syst

On the other hand, the management of several thdusa

documents is a huge task that can become impossshilee
number of documents increases.

THE SOLUTION : A CUSTOM-BUILT SEARCH ENGINE USING
THE INFORMATION AVAILABLE IN OTHER SYSTEMS

Thanks to the conclusions obtained from these myste
(Wikipedia, AIML, Knowledge Base) we know that ievare
looking for a system able to find answers to a joeswe
will need a huge repository,
thousands answers which is easier to maintain. thero
words, distributed systems made up of
repositories with the particularitity of contairfénmation in
several formats.

containing hundreds o

knowledg

The best way to reach this goal is to use a custoifh-
search engine that will access the information dthstn
other platforms. For example, the information okipédia,
the knowledge base of Indiana University or cousetents
in Learning Management System.

Thanks to this methodology, it will be possible use
dozens, or even more, distributed and heterogenous
knowledge sources.

In addition, the use of custom-built search engines
integrated with e-learning platforms becomes a phwe
tool. It allows, on one hand, the use of severablmges
(English, Spanish, Portuguese, German, Czech, witt\put
the need to re-programme the tool or change the
configuration. On the other hand, it makes possibladd
new accessible knowledge in real time. In this wtg
custom-built search engine will provide instant amtlated
answers for the students using the content storettha e-
learning platforms.

But the question is: how to obtain information from
several heterogeneous sources? The answer is hessgy to

stpe concept of a metasearch engine. In first pléices
necessary to build a search engine for every krigyee
source, or if a good search engine already exwstsiake use
of it.

Once every knowledge source is indexed with a kearc
engine we must obtain the generated informationfitted it
to obtain only the answer to our question. Finaifyit is
possible, we must compare it with the result frotheo
sources to get the best result.

In order to reach this goal it seems necessaryeate a
system between all the search engines [13]. THisvae
will know where to look for an answer, how to filtit and
wa to compare it with answers from another sources

The search engines can be created using any tegynol
because the middleware system will be able to obtaé
results from every source. However, after a perafd
research, the chosen solution for the creation ezHrch
engines is the Lucene technology.

Lucene is a free/open source information retrieval
library, originally implemented in Java. It is supfed by the
Apache Software Foundation and is released under th
Apache Software License. While suitable for anyligppion
which requires full text indexing and searching ataifity,
Lucene has been widely recognized for its utility the
implementation of internet search engines and |a&iagle-
site searching [14] [15].

Thanks to this technology, the creation of seargires
becomes easier. In addition, there are several Lfteene-
based search engines available already developeithein

#nternet.

In addition, this system will allow several methoafs
Eg:ommunication. That is to say, the user will hanemflom to
tecide which method use to ask a question: an g-mai
message in a WebCT forum, an internal e-mail irLat,

For example, organizations used to have a lot o?tc'

available information using Microsoft Word docuneradr
PDF files. In this way, our system must be ableolbain
answers using the information already availableeath
organization, ensuring easy management, because
employees will be the responsible for each document

Coimbra, Portugal
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ARCHITECTURE

the The design of the architecture is very modular apen,
enabling a high level of reusability [6]. It haselbedesigned
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using two middlewares, which provide compatibilibyy one CURRENT STAGE
hand between the methods to send and to receive the
messages: POP3 and SMTP communication standards for In this moments, UNED is working on a prototypethwi
email, accessing to the Moodle databases, etc. dfnthe a preliminary design, that enables some of the said
other hand, between the methods to access the &dgel functionalities. It allows students to ask questigre-mail or
sources: HTTP1.1 to access to the data of the vteb @s by an on-line platform. In the same way, the ansveee sent
Google or Wikipedia, to access to the dotLRN datebaetc. using e-mail or web protocols.

Consequently, in order to add a new input/output  Currently, the prototype is available to studentsai
method or a new knowledge source for the tool, thexperimental stage in several environments insitED:
middleware to interact with it must only be deveddplike a  Industrial School, Psychology Faculty and Electrica

little “driver” that knows how to interact with Hosides. Department. But it is under an exhausted controlthoy
In our architecture, these middlewares are intgrnal teachers because it still commits some mistakes.
designed using several interfaces (Figure 3). st folace, Nowadays it is able to answer questions related to

the communication with the user is made up of twoadministrative tasks and information about teachamsl

interfaces that communicate via email, dotLRN, Meod subjects. But it is not able to answer technicalstjon yet,

WebCT, etc. due to currently there is not an available repogiguitable
To achieve this goal there are several classes th&r the tool.

implement the methods of this interface, for exampl

dotLRNImplementation class, which connects with the THE MOST IMPORTANT THING : THE SOURCES
dotLRN database and obtains the possible user gesda
the teacher. This class will obtain the main questivords It seems obvious that no matter how good, complex o

thanks to a filter process and finally will sencerh to an last-generation technology your system is, the most
AnswerManager that will be able to obtain the mmstable  important thing, when we are working with a questio
response. answer system, is the quality of the informatioigiFe 4).

In the same way, a moodlelmplementation class and a
pop3implementation class are implemented to allw t A Joke.... Question: what is 2 +2 ?
communication with Moodle and with the e-mail inbox

Engineer:
f‘ = "the answer is 4.000000000 E+0"
question & S answer Mathematician:
- . : ’
. = "the answer is the summation as n goes from 0 to
infinity of (3/4) raised to the nth power" or)
Methads to = "what do you want it to be....?*

ask questions

=N

g

question answer Answers depend on the knowledge source!

Intelligent Answering Machine Level 2: TAM FIGURE 4
A JOKE SHOWING THE IMPORTANT OF THE QUALITY OF THE SRCES

question answer
However, in practice, this concept is very subjexti
How is it possible to determine if a result is gawdnot? or

Wikipedia dotLRN Level 3 how can a result be rated? Of course, it dependstanis

Knowledge assessing it.
USERS POINT OF VIEW

In this line of work, for instance, if a studentsha
guestion for a teacher or a tutor, he will be ablask him
via email or via an e-learning platform. The todll neceive
the question, after reading the suitable inbowilit find the

On the knowledge repositories side there is amothemost appropriate knowledge source for the response.
interface that controls communication with the kiemge Sometimes, it may be an institutional databasepratent
sources, searcherinterface. In the group of clagkes Search engine such as Google, an e-learning plator
implement  this  interface  searbloxInterface  andanother kind of data repository such as the Wikigpedeb
googlelnterface know how to interact with the cependent ~ site. Finally the tool will obtain and forward theost
searchers, dotLRN and moodlelnterface are ablebtaim  Suitable response to the student.
data from these mentioned platforms.

FIGURE 3
SYSTEM'S ARCHITECTURE
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In this way, the student will have freedom to decid PSS

which kind of method to use to ask the teacher,camdagent
will decide which is the most suitable knowledgeédao
answer him, making possible the interoperabilitywaen
several e-platforms.

Another possible scenario could be a student sgnalin
question to the teacher via a message in dotLRopha
and the response will be obtained from a SCORM smur
hosted in Moodle.

In another situation, this student would send thestjon
via Moodle and the response would be obtained otaRIN
repository. The answer would be forwarded by eniHile
number of possibilities is really very high, giviray great
versatility to this tool.

BUSINESS POINT OF VIEW

From a business point of view, these kinds of sgste
offer advanced added-value services to existingaeding
platforms and due to the independence of the tfols
specific technologies, it is ensured that they haviarge
potential market.

This methodology can be offered to customers wigo ar
interested in improving or revitalising their adtl@arning
processes. Possible applications are for orgaoisatthat
want to improve relationships with their learnersd afor
those who want to improve their evaluation methads
students progress or course quality.

Other potential clients are education centres §beivor
public universities), public administration and angsations
with authoring Virtual Campus as well as e-learning
providers taking advantage of the added-value cesvior:

Programa de Mejora de la Atencion al Alumno.

- [\ﬂ@.\\{@ Smart Answering Machine.- Valoracion de Respuestas %9,
Give a valoration
Response to the question:  would like to know the o) Muy mala
timetable of the Electronic Il course - ‘e
l¢) Regular
Juan Peire Arroba is the teacher of the course Electronic I, ~ o
the timetable is: Monday from 11:00 to 13:00. The contact
phone is +34 91 398 64 89 @) Muy utl
® Excelente

FIGURE 5
A SAMPLE OF ANSWERIN THE RIGHT CAN BE SEEN THE VALUATION FORM

Programa de Mejora de la Atencién al Alumno.

Vlesne Smart g Machi de R .
i

Student Valoration Electronic Il Teacher Valoration

0 Muy mala 7, 77 Muy mala

4 Hir Mala 6 * Mala

6 i Regular 4 ®K Regular

17 Foroioi Ut 19 Ut

21 FoRodofn’s Muy atil 20 ol Muy asl

11 oo Excelente 6 ool Excelente

 memmam

Student Valoration Psicology Teacher Valoration
Muy mala 2 Muy mala
Mala 6 7 Mala
Regular 4 7 Regular
Uil 19 7 Uil
Muy atil 20 *# e Muy il

9 Excelente 6 Ptk Excelente
FIGURE 6

VALUATION SUMMARY .

Both valuations provide useful information to impeo

improving management of communication channels wittor change the knowledge sources, as it can be isethe

students, improving monitoring of students actstiin the
learning and evaluation process, or offering peaisad
learning contents.

FEEDBACK : AN IMPORTANT ALLY

In addition, the tool also provides a quality cohtr
system than allows to improve and monitor the gitide
activities, thanks to a feedback system. It provide
information about the quality of the answers gitenthe
user.

Every time a student receive an answer he can teaitia
depending on its goodness or badness, as it cagdrein the
figure 5. In addition, the same answer is sent teagher,
who can valuate if it is suitable or not for theids#nt's
question.

Coimbra, Portugal

figure 6. For example, if a teacher realises thatwaluation
of one course is bad he will change the knowledggce or
will improve the way in which the information istreved.

CONCLUSION

This paper describes the research and the givers ste
needed to design and develop a system able to answe
guestions automatically. For that task, the soiutis a
middleware that uses the information of severatasbuilt
search engines. This engines will know where td lfimo an
answer, how to filter it and how to compare it withswers
from other sources.

In this way, the system will ensure, in first platee
integration with several knowledge sources, inddpetly of
the technology: e-learning platforms using SCORI®M.or
IMS-LD, content searchers, institutional databasss, In
the second place, the independence of the comntigmica
methods used by the user: e-mail, e-learning platpetc.

Finally, an improvement of the monitoring proceds o
the student activities, thanks to the feedbackesystthat
provides information about the quality of the ansmgiven
to the user.

The development of projects related to these
technologies keeps the universities in the techgio
vanguard. It creates a new type of education basedn
improvement of the attention provided by the edusatand
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a personalization of the contents with the helphaf new
technologies. In addition, this solution makes fssto
know the needs of the students in every case, @ltpwo
solve the problems that appear in the learninggs®c
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