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TEACHING I LEARNING USJNG LABORA TORIAL TECHNIQUES 1326-1330 
M.A.R. TALAIA. H.A. AMORfM ANO P.M.A. TALAIA 
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OPEN LEARNING MANAGEMENT SERVJCES FOR DISTRJBUTED 
TEACHING IN NATURAL SCJENCES 1331-1335 
J. B. STAV ANDH. TSALAPATAS 

VOL.3 

SCRIPT MA TERIALS VERSUS ECONTENTS 1336-I 339 
C. PADREL DE OUVEIRA ANO F. AMADOR 
SIMULATED INTERVlEWS FOR THE TRAINJNG Of THE ABILITIES 
IMPLICATED IN THE DIAGNOSTJC INTERVIEW 1340-1343 
RUT SALAT ALONSO. CRISTINA CARVALLO BECJU AND JOSE GUTlÉRREZ 
MALDONADO 

SISGRAF - DIDACTIC FACILITIES FOR UNDERSTANDlNG PIPE SYSTEM 1344-1348 
G. POLANCO·PIÑEREZ AND H. FLÓREZ-GUZMÁN 

TEACHING DISCRETE MATHEMATICS: THE K.~IGHT MAGIC TOUR 
Y. CORTÉS GÓMEZ, O. GARCÍA DELGADO ANO S. HOYA WHlTE ANDA. MARTÍN DEL 1349-1352 
REY 

TECHNOLOGY BASED MODELLING ACTIVITIES AND THE 
CONTRIBUTJON TO LEAR..l\llNG CONCEPTS' RELA TIONS IN PHYSJCS 1353-1357 
S. ORFANOS ANDA. DIMJTRACOPOULOU 

THE OYNAMICS OF LEARNING WITHIN A VIRTUAL SOLAR SYSTEM J 358-I 362 
1 F.LHANAN GAZIT ANO DA VID CHEN 

THE FOUR COLOVR THEOREM AS A GAME FOR CHILDREN 1363-1367 N. BEBIANO, C. LOPES ANO J. DA PROVIDENCIA, JR. 
THE EUROPEAN THEMATIC NET\'VORI<: CALLEO "EEGECS" (EUROPEAN 
EDUCA TION IN GEODETJC ENGINEERING, CARTOGRAPHY AND 1368-1372 
SURVEYJNG} 
FRANClSCO GARCÍA GARcfA AND fNMA TOMÁS ESTELLÉS 

ICT lN PHYSJCS TEACHlNG 1373-1376 
C. JOAO GOMES 

THE USE OF INTERNET IN THE RESEARCH OF THE BJODIVERSITY 1377-1381 
W. FAJARDO, E. G!BAJA, R. PÉREZ-PÉRF2 ANO C. QUESADA 

UN ENTORNO REUTILIZABLE PARA EL APRENDIZAJE EXPLORA TORIO 
DE REDES DE NEURONAS ARTIFICIALES 1382-1385 
EMILIO GARCÍA ROSELLÓ, JACINTO GONZÁLEZ DACOSTA, JOSÉ AYUDE VÁZQUC.Z. J. 
BAL TASAR GARCÍA PÉR.EZ-SCHOFIELD ANO JAVIER RODEIRO IGLESIAS 
VIRTUAL DEBATE VS IN-PUBLIC DEBA TE AS 
LEARNING ENVIRONMENTS FOR MATHEMATICS EDUCATION 1386-1390 

J. VALLS, A. COS AND S. LUNARES 

VIRTUAL EXPERIMENTS AND LEARNING OBJECTS FOR SCIENCE 
LEARNING 8ASED ON VIRTUAL SCIENCE CENTERS AND MUSEUMS 1391-1395 
M. SABBATfNI 

WEBQUESTCONSTRUCTJON AND IMPLEMENTATION BY A 
MATHEMATICS STUDENT TEACHER: THE CASE OF A WEBQUEST TO 1396-1399 LEARN ISOMETRIES 
C:ONCElCAO ALMElDA AND FLORIANO VISEU AND JOAO PEDRO DA PONTE 

DESIGNING MULTIMEDIA TOOLS FOR EDUCATJONAL THERAPIES OF 
CHILDREN \\/ITH ASPERGER SYNDRO!\'lE 1400-1403 
A. GALERA RODRIGO, FEDERICO FERNANDEZ DiEZ 

ANIMATIONS IN CALCULUS AND l<:INEMA TICS 1404-1408 J DA PROVIDENCIA, JR AND N. BEBIANO 

RELACIÓN ENTRE LA INVESTIGACIÓN Y LOS ESTÁNDARES NCTM 
PARA LA ENSEÑANZA DE LAMA TEMÁ TJCA Y EL USO DE LAS NUEVAS 

1409-1412 TECNOLOGÍAS 
MIGUELÁLVAR.EZCA.DIZAND. MARINA MEZA 
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LEARNJNG SCIENCE FROM VIRTUALLY INTERACTIVE VIDEO 1413-1419 P K BHAITACHARYYA 

:: SESSION 5: SPECIAL EDUCATJON NEEDS :: 

A DIDACTJC EXPERJENCE DEVELOPING SOFTWARE FOR SPECIAL 
EDUCATIONAL NEEDS AND MUSICALTEACHING 1420-1424 
S. PALACIOS NAVARRO 

A PILOT EXPERIENCE TEACHING DESIGN FOR ALL ASAN OPTIONAL 
MODULE IN ICT-RELATED COURSES AT THE UNIVERSITY OF VALENCIA 1425-1428 
R. ROMERO AND F. ALCANTUD 

A WEB-BASED ESP PROGRAMYIE FOR ADULT LEARNERS 
1429-1433 M.J. PlOTROWSKA ANO E. ZAGALLO LOBO 

APPLICA TIONS OF THE PEDAGOGICAL ROBOTIC IN THE FIELD OF THE 
CHILDREN PSYCHOLOGY: THE USE OF ROBOTS AS MOBILE CHAMBERS 
OF GESELL IN THE DIAGNOSIS OF PROBLEMS OF LEARNING. 1434-1437 
ROSALBA GARCIA RODRJGUEZ. ROSA ESTHER LOPEZ GAR.CIA AND DA VID UZZrEL 
LÓPEZ·ILLESCAS 
BASJC COMPUTER SKILLS AT KINDERGARTEN ANO ELEMENTARY 1 
SCHOOL CHILDREN l 438-1445 
A. L.MATIAS. F. OUVEIRA, E. PlNTO, C. PfRES AND C. REIS 

BLENDED LEAR1'11NG IN TEACHERS CONTINUJNG TRAINING 1446-1450 JUAN JESÚS TORRES GORDILLO 

THE RELUCTANT JCT USER IN CONTINUING ADULT EDUCATION 1451-1454 ANNIE AARUP JENSEN 

COMMUNJCATION AND INFORMA TION TECHNOLOGY IN PRE-PRl!\tlARY 
SCHOOL J455-l457 
P. CONDADO AND F. G. LOBO 

E-LEARJ'71NG FOR ADULTCONTJNUJNG EDUCATION: IMPACT IN THE UK 1458-1462 NOEL W!LUAMS 1 

EXPERlENCES IN THE LEARNING OF PHYSIC IN INDIGENOUS MEXICAN 
COMMUNITIES WITH THE DESIGN OF TECHNOLOGJCAL OBJECTS DONE 1463-I 465 WITH RECYCLED MATERIAL 
R. GARCIA RODRIGUEZ 

FUNDACIÓN ECCA~ FOR."'vl.ACIÓN DE ADULTOS EN LA RED 1466-1469 FERNANDO SALGADO QUJRÓS 

INFOR.'\\1ATION ANO COMMUNICATION TECHNOLOGJES FOR SPECIAL 
NEEDED PERSONS: A CASE STUDY \VITH A STUDENT \VITH CEREBRAL 1470-1474 PARALYSIS 
P. CONDADO, F. TOMAZ, H. SHAHBAZKIA AND F.G. LOBO 
RESEARCH OF INTERNET USE BY SPANISH SPEAKlNG USERS 
\VITH BLINDNESS AND PARTIAL SIGHT I475-l479 l 
R. ROMERO AND V. Á VlLA 

SOME APPROACHES ON "EARLY TECHNJCAL EDUCA TION" A T PRE-
SCHOOL AND PRIMARY SCHOOL IN PORTUGAL 1480-1484 
A. VEJGA SfMÁO, B. CABRrTO AND E. RODRIGUES 

TEACHERIMMIGRANTS 1485-1492 NATALIE SENJOV-MAKOHON 

THE ELECTRONIC PORTFOLIO AS NAVIGATIONAL TOOL IN ICT-BASED 
ADULT EDUCA TION 1493-1496 
KIRSTEN JA:.GER 

l 
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THE RELUCTANT ICT USER IN CONTINUING AOULT EDUCATION 1497-1500 ANNIE AARUP JENSEN 

THE WEB AND THE AGED 1501-1504 A. J. EDDISON 

TOOLS TO GIVE THE INTERNET A VOICE 
J 505-1509 M.ARRIGO 

TO\VARDS AN INTERVENTION ON EARLY TECHNICAL EDUCATION l 5 lO-l 514 A. VEJGA SfMAO, B. CABRITO ANDE. RODRIGUES 

TUTOR INFORMA TICO A SYSTEM FOR INCREASING THE SELFTEACHl1'iG 
IN DOWN SYNDROME PEOPLE 1515-1519 
S.JIMENEZ, E.CAMPOS, N.MORALES, O.BOLAÑOS, V.TOMICO, J.TEJEDOR. J.GARRIDO 
AND J. COLAS. 
USE OF INFORMA TION TECHNOLOGIES AND COMMUNICA TION IN THE 
ALPHABETIZA TION OF ADUL TS 1520-1524 
JOSE LUCAS PEDRElRA BUENO, WILSON ROBERTO FERNANDES, FERNAN'DA 
BARBOSA FERRARZ ANO ÉDIS MAFRA LAPOLU 
VOCAL NA VIGATION WEB PAGE USING PA TTERN COMPARISON 
TECHNIQUES 1525-1529 
N.MORALES, V.TOMICO, E.CAMPOS, J.TEJEDOR, D.BOLANOS, S.JlMENEZ. J.GARRIDO, 
ANDJ. COLAS. 

:: SESSION 6: TECHNOLOGICAL ISSUES :: 

A DIRECTOR'S CUT TO LEAR.'>lllNG CASCADING STYLE SHEETS 1530-1534 SRI SlVA AND CRYSTAL WARD 

A HARDWARE LAB IN A POCKET 1535-1539 ANDREAS HETT & TOBIAS SCHUBERT 

1 A HUMAN INTERFACE FOR AN INTELLIGENT HOUSE 1540-1544 P. SILVA ANO A. LOPES 

A MODEL OF EDUCATIONAL HYPERTEXT TAKEN FROM VIGOTSKY'S 
THEORETICAL PERSPECTIVE 1545-1549 
M.F. AGUILAR TAMA YO 

A TEMPLA TE-ORIENTED AL'THORING TOOL BY USING MPEG-4 BIFS 
TECHNOLOGIES TO GENERA TE INTERACTIVE ELEARNING CONTENTS 1550-1554 
CHJH-CHUN LA!. YU-CHEN TSAI 

ADISTI: AN AUTHORING TOOL FOR CREATING AND MANAGING 
EXERCISES IN E-LEARNING SYSTEMS 1555-1559 
JA VJER LÓPEZ-CUADRADO, ANA JESÚS ARMENDARIZ AND TOMÁS A. PÉREZ 

ANIDEA: AN IDEA FOR AUTOMATICALLY CREATING PRESENTATIONS 
OF DIDACTIC MATERIAL USING TEMPLA TES I 560-1564 
NICOLAS CORVO-WETNBACH AND SARA SANZ-LUMBIER 

USING INFORMATION AND COMMUNICATION TECHNOLOGIES TO 
TEACH STRUCTURAL MECHANICS 1565-1569 
E. PEÑA, B. CALVO, M. A. MARTÍNEZ, E. CUETO AND M. DOBLARÉ 

APPLYING METADATA STANDARDS FOR MULTILINGUAL LEARNING 
OBJECTS 1570-1574 
C. SGOUROPOULOU ANDA. KOUTOUMANOS 
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ARCADE ASSESSMENTS FRAMEWORK 1575-1580 
MJLEN PETROV, BOYAN BONTCHEV ANO ADEL™A ALEKSIEV A 

ASP PARA LA EVALUACIÓN Y CALJFJCACIÓN DE LOS ALUMNOS EN LOS 
ENTORNOS VIRTUALES A TRAVÉS DE LA RED. 1581-1585 
JOSÉ ANTONIO MlLLÁN GARCÍA 

AUTHORJNG AND AUTOMA TIC GENERA TION OF VIRTUAL PANELS FOR 
CONTROLLING INSTRUMENTATION IN A REMOTE LABORATORY 1586-1590 
CONTEXT 
A. BAGNASCO, A.M. SCAPOLLA , T. VASSfLEVA. V. VASILEV, At-.'D l. FURNADZIEV 
COLAB: A PLATFORM FOR SIMULA TJONS IN COLLABORA TJVE 
ENVJRONMENTS IN VIRTUAL LABORA TORIES. 1591-1595 
M. A. MARTÍNEZ CARRERAS, A. F . GÓMEZ SKARMETA. E. MARTiNEZ GRACIA AND M . 
MORA GONZALEZ. 

COLLABORATIVE CONSTRUCTING IN A DJSTRIBUTED SIMULATION 
ENVIRONMENT 1596-1600 
OLAF NOWACZYK 

CONCEPTJONS REGARDING THE NOTION OF PROOF. THE JNFLVENCE OF 
VIRTUAL DEBA TES. J 601-1605 
TORREGROSA , G.~ HARO, M.J.; LUNARES, S. 

CONTlNUOUS ASSESSMENT JN ONLfNE~TEACHING: THE CASE OF A.~ 
OBJECT-ORIENTED PROGRAMMING COURSE 1606-1610 
MJGUEL-ÁNGEL srCILJA. ESTEVE MARJNE, JUAN-MANUEL DODERO. ELé]';A 
RODRÍGUEZ 
CONVERSATIONS IN CYBER.SPACE: A SOCIAL CONSTRUCTIVIST MODEL 
FOR THE INTEGRA TION OF TECHNOLOGY IN THE FOREIGN LANGUAGE I 611-1615 
CLASSROOM 
BEA TRlZ DE LOS ARCOS FERNÁNDEZ 

CONCEPTION OF A TELE-TRAINING PROJECT FOR A UNIVERSITY 
SUBJECT J 616-1621 
M. BERMEJO. J.M. BLANCO ANDA . SÁNCHEZ 

DEVELOPMENT OF A LEARNING OBJECT EXTRACTION AND 
MANAGEMENT SYSTEM TO SUPPORT V ARIOUS TEACHING MATERIAL J 622-1626 l STANDARDS 
CHUANG-KAI CHJOU. JUDY C.R. TSENCT ANO GWO-JEN HWANG J 

! DJST ANCE LEARNING PLA TFORM FOR BIOINFORMATICS 
N. MORéNO-VERGARA, J . F. ALDANA. PEDRO. A. DE ALARCON AJ\D OSWALDO 1627-1631 

1 TRELLES 

OIST ANCE LEARNING VIA THE UJI ROBOTICS TELELAB 1632-1636 
1 R.MARIN AND P.J.SANZ 

DOLPHIN-COMPLAB: A VIRTUAL COMPILERS LABORA TORY 1637-1641 
PAULO J. T. MATOS ANO PEDRO R. HENRIQUES 

EDUCATIONAL SUPPORT IN AN ADAPTIVE HYPER.'\1EDJA SYSTEM: SEM- l 

HPMODEL 1 

ESTEFANÍA J. MARTÍN-PUEJ\iTE. NURIA MEDINA-MEDINA ANO UNA GARCÍA-
1642-1646 

CABRERA 

EFFECT OF STA TIC ANO 1/1\'TERACTJVE COMPUTER BASEO INSTR UCTION ! 
ON STUOENT COM PUTER ANO WRIITEN ASSESSMENTS OF LEARNING 1647-1650 1 
F.H SPENCER AND H. PILLA Y 

EXPERIENCES ON USl/liiG THE EUME RESOURCE MANAGEMENT SYSTEM 
IN UNJVERSITY COURSES 1651 -1655 
X. VJLA, A. RJERA, R. AMORIM, M. LAMA . E. SÁNCHEZ,S. BARRO. B. CEBREJRO 

! J LÓPEZ, C. FERNÁNDEZ-MORANTE 
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EXPRESSING PRECONDITIONS IN LEARNING OBJECT CONTRACTS l656-1660 
SALVADOR SÁNCHEZ AND MIGUEL-ANGEL SJCILIA 

FREETEXT: A 'SMART' MULTIMEDIA WE~BASED COMPUTER ASSISTED 
LANGUAGE LEARNING ENVIRONMENT FOR LEARNERS OF FRENCH 1661-1665 
M.-J. HAMEL 

GR<\.PHJC VISION OF MAINTENANCE 1666-1669 
J. LONGA AND G. POLANCO 

HYCO - AN AUTHORING TOOL FOR SEMANTJC EDUCATIONAL 
RESOURCES 1670-1674 
F. J. GARCÍA. J. CARABIAS AND J. GARCÍA ANDA. BERLANGA 

IMPACT OF A ONLINE EDUCATIONAL APPLICATION FOR TEACHING 
VIDEO TO A MUL TIMEDlA PRODUCTION AND DIGITAL VIDEO COURSE 1675-l 679 
ALClNA PRATA ANO PEDRO FAR.JA LOPES 

DESIGNING SELF-TEST EXERCISES IN WEBCT 1680-1684 
K. ANA Y A, E. HERRERA-VIEDMA, O. CORDÓN, O. MARTÍN ANO F .. MARTÍN 

INFORMA TION SYSTEM FOR AGRICUL TURAL ANAL YSES J 685-1689 
F. FIDALGO. N. CASTELA, J. C. METRÓLHO, A. GUERRA 

INITIAL EXPERIENCES GAIN.ED FROM THE DEPLOYMENT OF THE FIRST 
IN A SERIES OF E-LEARNING "JA VA ARRA YS" PROTOTYPES FOR NO VICE 
JAVA PROGR.\MMERS IN THE INSTITUTE OF TECHNOLOGY TALLAGHT, 
2002/2003 

1690-1694 

EAMONN HYlAND,COMPUTfNG LECTURE.R. DEAN FENNELL. POSTGRADUATE 
STUDENT 
INTEGRA 'rlON Of TliE: ANl'S COLLAbOR.A TIVE SYSTEM INSIDE THE 
EDUCA TIONAL ENVIRONMENTS BSCL AND FLE 1695-1699 
M.A. MARTÍNEZ CARRERAS. A.F. GóMEZ SKARMETA. J.A. PÉREZ SÁNCHEZ AND J. 
TA VIRA MORENO 

INTERNET LABORA TORY \VITH WEB SERVICES ACCESSIBILfTY 1700-1704 
SJGBJ0RN KOLBERGAND TORA. FJELDLY 

INTRODUCfNG A VIRTUAL LEARNING ENVIROSMENT AND LEARNING 
OBJECTS JNTO HIGHER EDUCATION COURSES 1705-1709 

\ C. BRADLEY. T. BOYLE 

! JRF: TOOL TO HELP ROBOTICS TEACHJNG 
l. GONZÁLEZ. R.M. MARTÍN, l. ÁLVAREZ. F. J. BLANCO AND V. MORENO 

1710-1714 

KEDMAW: A KERNEL FOR DESJGNING ANO MANAGING WEB 
INFORMA TION SVSTEMS 1715-1719 
JOEL MESSAS, FRAN<;:"OJS GRlZE AND JAVIER IGLESlAS 

NE\V SPACES FOR EDUCATIO]'¡AL ACTION. THE TUTOR-PEA PROJECT l 720-1723 
A. GARCÍA DEL DUJO AND J. M. Ml.Jl";¡oz RODRÍGUEZ 

LEARNING HOW COMPUTER WORKS WITH AUGMENTED REALITY 1724-J 728 BRUNO FERNANDES, JOSÉ CARLOS MIRANDA 

MARINETTA: COl\1MUNJTY, EDUCATION AND SECURITY 
IN AN ONLfNE 3D WORLD l 729-1733 
OWEN KELL Y, GÓRAN PULKKIS, KAJ GRAHN, K.RISTER KAR.LSTROM AND JOHN 
GRÓNVALL 
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META DA TA IN E-LEA RNING SYSTEMS: FOCUS ON ITS V ALUE FOR THE 
USER 1734-1738 
PAMELA RA V ASIO, SAMUEL SCHLUEP ANO SI SS EL GUTTORMSEN SCHÁR 

MOBILE FRAMEWORK FOR COLLABORA TIVE LEARNING J 739-1744 LUIS ALBERTO PALACIOS AND REUBEN EDWARDS 

MODEL REPRESENTA TION ON THE INTERNET l 745-l 749 ANTÓNfO BATEL, ANJO ALEXANDRA BERNARDO E RICARDO FERNANDES 

MULTIMEDIA AS A MEDIUM FOR CONVERSATIONAL AND INTERACTION 
ANALYSJS- CONCEPTS, PROTOTYPES AND IMPLEMENTATION 
CONTEXTS l 750-I 754 
WERNER NOTHDURfT. THOMAS BERGER, CHRISTOPH FREUND AND ARNOLO 
SCHENK 

MVL TIMEDIA, WEB Y LEGO: APRENDIZAJE Y ROBOTICA POR MEDIO DE 
SIMULACIONES INTERACTIVAS. 1755-1759 
SOLEDAD MUSlTU Y ALFREDO PINA 

ON THE EV ALUATION OF COMPLETENESS OF LEAR1"ING OBJECT 
METADATA IN OPEN REPOSITORIES 1760-1764 
CARMEN PAGÉS, MIGUEL ÁNGEL SJCILIA, ELENA GARCÍA, JOSE-JA VlER MARTiNEZ 
AND JOSÉ·MARÍA GUTlÉRREZ 

ONLINE CHESS TEACHING - A WEB-BASED PROPOSAL 
F. J. GARCÍA PEÑAL VO, F. J. GARCÍA DE LA TORRE, F. J. SANZ ALONSO AND J. 
GARCÍA CARRASCO 

J 765-1769 

PRELIMINARY EV ALUA TION OF A WEB-BASED MODULE IN 
CONSTRUCTION 1770-1773 
AZZA A.ARJF 

PROBLEM BASED LEARNJNG MUL TJMEDIA MODULES: RESUL TS IN 
TEACHER EDUCA TJON COURSES l 774-1779 
THERESA A. OCHOA, THOMAS DUFFY AND HOLLl M. GOTTSCHALL 

REALIZACIÓN DE VENTANAS TRANSPARENTES DE REJILLA. 1780-1784 ANTONIO GÓMEZ LOREl\'TE AND JAVIER RODEJRO JGLESLAS 

REPLICATION OFCLASSICAL PSYCHOLOGICAL EXPERIMENTS IN 
VIRTUAL LABORA TORIES IN A HISTORICAL CONTEXT j 785-l 789 
D. BIELLA, W. LUTHER, G. MIETZEL, H.-P. MUSAHL, AND L. WORMUTH 

REUTILIZACIÓN DE ENTORNOS PROPIETARlOS COMO COMPONENTES 
LOCALES Y DISTRIBUÍDOS EN EL DESARROLLO DE SOFTWARE 
EDUCATIVO l 1790-1794 
EMILIO GARCÍA ROSELLÓ, JACINTO GONZÁLEZ DACOSTA, MANUEL PÉREZ COTA, 
DIEGO PlNO GARCÍA AND J. BAL TASAR GARCÍA PÉREZ-SCHOFIELD 

SIMGRUA - A VIRTUAL SIMULA TOR FOR TRAINNING l 795-1799 Luis CARLOS DA SIL VA BRUNO AND JOÁO MADEIRAS PERElRA 

SINGLE-SOURCE l~TERACTIVE ANO PRINTED CONTENT PUBLISHING 
USING THE DOCBOOK XML STANDARD 1800-l 804 
D. MOLLOY 

COMMUNICA TION ERGOl'iOMICS - DISTRIBUTED ANO FINE-GRAINEO 
MODULES FOR TEACHING THE DESIGN OF INTERACTIVE SYSTEMS J 805-1809 SABRfNA GElSSLER 

STATISTJCAL ANAL YSIS OF THE !\A V IGATIONAL STEPS IN MULTIMEDIA 
SOFTWARE 1810-1813 
LÁSZLÓ BOGNÁR AND TIBOR FAUSZT 



STUDENT MODELING USING SOM FOR ADAPTIVE HYPERMEDIA 
LEARNING 18l4-18t8 
CHJEN-SING LEE, YASHWANT PRASAD SINGH2 AND CHEK LINO NGO 

STUDENT PROGRESS EV ALUA TION WEB TOOL 
A. PRfETO RAMOS, P. CLEMENTE MARTÍN, J. GONZÁLEZ RODRÍGUEZ, R. RODRÍGUEZ 1819-1822 
ECHEVERRÍA, E. SOSA SÁNCHEZ 

T AJLORING E-COURSE TO SKILLS AND PREFERENCES OF INDIVIDUAL 
STUDENTS BY INTELLIGENT E-RESOURCE MANAGEMENT l 823-1826 
KAMlLA OL~EVlCOVÁ. DANIELA PONCE, VLADIMÍR BURES 

TEACHING AND LEARNING ROBOTICS WITH INTERNET 
TELEOPERA TJON 1827-1831 
F.A. CANDELAS, F. TORRES, F.G. ORTJZ, P. OJL, J. POMARES AND S.T. PUENTE 

THE CAT JS OUT OF THE BANK 1832-1836 
JAVIER LÓPEZ-CUADRADO 

THE JMPACTS ON USABILITY AND LEARNJNG OF ADDING VOICE INPUT 
TO A GEOMETRY LEARNING SOFTWARE 1837-1841 
TRlSTAN BLANC-BRUDE. COLETTE LABORDE ANO MIREILLE BETRANCOURT 

THE USABILITY OF E-BOOK TECHNOLOGY FOR THE TREATMENT OF 
LINGUJSTIC DATA 1842-1846 
P. ClJTUGNO, L. MARCONl, D.RA TTI ANO C. ROLANDO 

THE USE OF TELECONFERENCING TECHNOLOGY IN GRADUATE 
EDUCATJON IN A TRANSFORMING DIGITAL DIVIDE AGE 1847-1850 
R. ENWEFA AND S. ENWEFA 

A VIRTUAL LABORA TORY FOR THE LEARNING OF LANGUAGES TO 
HANDLE DA TARASES 1851-1854 
C. HERNANDEZ DIEZ, M.A. LAGUNA SERRANO, Y. CRESPO GONZl\LEZ-CARVAJAL, F. 
PRIETO ARAMBlLLET 

USER INTERFACE AND FEATURES 01' AULA WEB E-LEARNING SYSTEM 
A. LÓPEZ, J. C. PÉREZ, C. ZOIDO. P. A VENDAÑO, T. HERNÁNDEZ. E. VJLLl\LAR, J.A. 
MARTÍN, J.A. CRIADO. R. MARTÍNEZ ANDA. GARCÍA-BELTRÁN 

1855- I 859 

USING A VIRTUAL DESKTOP FOR LEARNING PROJECT MANAGEMENT 1860-1864 
l. BOUKHRlSS, L. CHEVASSU. A. K.APLAN, S. MAILLES 

USING CONCEPT MAPS TO ANAL YZE THE PRESENTA TION OF CPU 
CONCEPTS IN HIGH SCHOOL COMPUTER TEXTBOOKS 1865-1869 CHENG-CHIH WU. HUANG-KUANG LAI, GREG C. LEE, AND CHfN-YUAN LAI 

USING THE SONY PLA YST A TION2 TO LEARN COMPUTER 
ARCHITECTURE 1870-1874 
R. GARCÍA. J.M. PALOMARES, J. GONZÁLEZ,J. ORTEGA. H. POMARES AND l. ROJAS 

VIRTUAL CAMPUS: SOME SWISS EXAMPLES 1875-1879 NICOLETTA M.R. SALA 

VIRTUAL REALfTY: A TOOL WITH A STING IN THE TAIL 1880-1883 CAROLINF. H KING AND ROBERT JI BARBOUR 

-· 
VfSlJAf,SDH, A TOOL TO LEARN SDH 
ISA BEL ROMÁN. JOSE A. GÓMEZ-ARGUDO. GERMÁN MADINABEITIA ANO JOSE F. I 884-1888 
LEÓN 

VOCAL PLATFORM FOR TELEPHONE VOICE PORTALS AND INTERNET 
BASEDINTERFACES 1889-1893 V.TOMJCO, N.MORALES. E.CAMPOS. J.TEJEDOR, D.BOLAÑOS, S.JIMENEZ. J.GARRIOO, 
J.COLAS 
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WEB BASED SCIENCE TEACHER TRAINING: FEDS APPROACH 1894-1898 BULENT CA VAS, TARJK KfSLA, LEVENT CA V AS AND TEOMAN ESERCIOGLU 

WEB-BASED ACCESS CONTROL SYSTEM J 899-1902 ANA TEIXEIRA, CRISTINA SANTOS, FERNANDO RJBEIRO, I:URJCO LOPES 

WHY AM 1 CONFUSED: 
AN EXPLORATORY LOOK INTO THE ROLE OF AFFECT IN LEARNING 1903-1906 
S. O. CRAJG ANDA C. GRA.ESSER 

XML TECHNOLOGY USED TO SOLVE DIFFERENT PROBLEMS 1907-1911 R. ISJDRO, A ANJO AND J.S. PINTO 

ADAPTING E-LEARNING RESOURCES TO A RIGHT-TO-LEFT LANGUAGE: 
THE CASE OF ARABIC AS A FOREIGN LANGUAGE 1912-1916 
L. HAOUET 
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One of the most impon.ani issues in Adaptive and Jntelligent EducarionaJ Systems (AIES) is to define etrective pedagogical 
strategies for tutoring students according to their needs. ln previous papcrs we llave proposed to use a pcdagogical knowledge 
re¡=sentation based on a Reinforcement Learning (RL) model. Using the reinforcement leacning model, the system is able ro 
automacically Jeam which is the besr pedagogical way to teach each student individually based only on aC<¡uired experience with 
other students with similar Jcarning characterisrics, like a human tutor docs. ln this paper we study the viabilit)' of the application 
of !he RL model in a DataBase ~ign (DBD) AIES using in this study simulated studencs. The viability is measured on 1hree 
imp<irtant íssues. First, we are going to check that the system converges to a pedagogical policy when it intl.:nl.cts with simulated 
students with different leaming characteristics. Second, we a:rc going to prove that tite system leams a11 optima! pedagogical 
strategy, measu.red in number of actions that the system mu.st ex~ute to teach ali the contents to tbe student. And third, we are 
going to prove that the system does not need many st\1dents to lean1 to teacll optimally. Choosing a good exploration and 
exploitation strategy is detcnnioant for the three eleme11cs defined above, so two typical explorationfexploitatíon policies in RL 
problem.s have been used for the experiments in order to analyze tbe dífferences between them when thc system teaches sítnulated 
students: the e-greedy and the Boltzmann exploration straregies. 

1 Iotroduction 

Web-based Adaptive and Intelligent Educational Systems (Web-based AJES) are distance educational systems 
based on Internet that have three useful benefits: classroom independence, platfonn independence and 
adaptability to tbe leamers according ro their needs behaving in an intelligent way. The Web-based AIES 
systems are not totaJly a new type of systems, but they stem from lntelligent Tutoring Systems (ITS) f7] and 
Adaptive Hypennedia Systems (AHS) [1 ]. 

In a previous paper (2], we have proposed to use a pedagogical knowledge representation based on a 
Reinforcement Leaming (RL) model [4] that allows AIESs to adapt tutoring lo student's needs, sequencing the 
content in an optimal way based on the studcnt's performance, lesson objcctives and the relationships between 
course modules, avoiding to define ali static and predefined pedagogical policies for each student. 

In this paper we study the viability of the application of the RL model in a Data Base Design (DBD) AIES 
by the demonstration of three important issues. First, we will show that the system converges to a pedagogical 
policy when it interacr:s with simulated students with severa! leaming characteristics. Second, that the policy 
achieved is optimal, where the concept of optimality is measured in tetn\S of nurnber of actions that the system 
must execute to teach ali the contents to !he student. And third, we will show that the system does not need 
many students to leam to teach optimally, so with a reduced number of interactions with initial students, the 
optimal policy ís achieved. 

But in this paper we also study how the choice of a good exploration and exploitation strategy is 
detenninant for the convergence of the system. Two typical exploration/exploitation policies in RL problems 
have been studied, the e-greedy and the Boltzmann exploratíon policies (4], in order to analyze the differences 
between them when the system teaches símulated students, concludjng the advantages that the Boltzmann 
strategy will introduce in the AIES executions with real students. 

The paper is organized as follow: first, the architecture of the DBD AIES used in this work will be 
described in Sectioo 2, as well as the definition of the DBD AJES system as a RL problem. Then, different 
experiments cornparing the e-greedy exploration policy and the Boltzmann exploration policy in our system are 
presented in Section 3. Finally, the main conclusions and further research ofthis work are given. 

2 Adaptive and lntelligent Education System as a Reinforcement Learning problem 
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The definition ofthe AIES pedagogícal module as a RL problem is described in a previous paper (2J. The 
paper describes the system architecture composed of four modules. For the domain module we have proposed to 
structure the knowledge hierarchically (a knowledge tree), where each topic has been divided into sUb·topícs, 
and these in other sub-topics, and so on_ At the same time, each node of the tree contains sets of tasks 
(definitions, examples, problems, exercises, etc.) in severa] formats (image, text, video, etc.). Figure LA shoWs 
the domain used for the experiments. For the student module, a classification of the students has been done 
based on their leaming characteristics. For the intelface module, we try to adapt the contents to each student 
showing them in ditferent fonnats. And, finally, in the pedagogica/ module we define the AJES as a RL 
problem. In figure l .B we can see the Q-leaming algorithm [6] used in RL problems adapted to our systern. 
This algorithm uses the action-value function Q(s,a}, that estimates the usefulness of executing one action, a 
(showing leaves ofthe knowledge tree (tasks) to a student) when the system is in certain .knowledge state s (the 
.knowledge acquired by the student so far). The Q(s,a) function at the figure l .B uses the parameter y that 
controls the relative importance of future action rewards with respect to new ones, and the a parameter (the 
leaming rate), that indicates how quickly the system Iearns. In [2] how the Q-leaming algorithm is adapted to 
the Adaptive and Intelligent Educational System domain is explained. 

B Q-learning adapted to AlES domaio 
FoT each pair (sE S, uA). initialise lhe table entry 
Q(s,a). 

l> Test the currcnt student lcnowledge, obtaining s 

~ Do foreveT 

1. Sclcct a k.nowledge rrce Jeave foUowing ao 
c11piora1ion stn1tc8)'. a, to show to thc student. 

2. Rcccive the immcdiate rcward, r. A positive reward 
is receivcd when the AIES goal is achicYCd (the 
studcnt Jeams ali thc IOpics). A nuJJ reward is 
obtaincd in any olher Galle. 

3. Test thc ClllTC!ll SIUdent lcno~edge, s · 

4. Updait the iable enuy for Q(s,a), that c1tima1cs tbe 
usefulness of cxecuting thc a action whcn the 
student is in • panicular .knowledge statc, s: 

Q(3,q¡•(l·a} Q(3.aj+ a{r+ y max •. Q(s ·.a')} 
5. Lct s the current studcnt knowledgc suite. s ·. 

Figure l. The figure A shows the knowledge tree u sed for the experiments. Tbe figure B shows the Q-Jeaming a!goritltnt adapted to AJES 
domain. 

In the step 1 of figure 1.B the system selects a knowledge tree leave (an action), a, to be displayed to the 
student. Choosing the next action to execute is very important for the convergence of the Q-learning algorithm, 
where the quality of the selected exploratioo/exploitation strategy is detenni~ant in the efficiency and efficacy 
for the attainment of the objectives marked. The exploitation strategy tries to use knowledge acquired 
previously, and the exploration strategy tries to find new altematives in order to obtain the objectives 
efficiently. A great variety of exploitation strategies could be used in reinforcement Jearning problems [5]. Two 
typical exploration/exploitation strategies have been used in these experiments: the e-greedy and the Boltzmann 
strategies [ 4). 

The e-greedy strategy tries to select the action with greater value of the Q function when the system is at 
the s state (Q(s,a)) with a probability of (l -e). That is to say, when e= l , the system selects the next action to 
execute randornly. We are going to vary the e parameter from the value 1 (wheo the system chooses the next 
action to execute randomly) to the value 0.1 (when the system usually chooses the next action trusting in the Q 
values obtained by the previous experience). 

Oo the other hand, the Boltzmann exploration policy estimates de probability of choosing the action a 
according to the function defined in equation (1), wbere Ois a positive pararneter called the temperature. Ifthe 
temperature is high, ali the probabilities of the actions have similar values and if the temperature is Jow, it 
causes a great difference in the probability of selecting ea ch action. 

490 

Q,<a) 

e-
P( a) == __ ...._-r_Q.-<~-¡ 

'\'n e --
L.,.,¡,=) T 

(1) 



Advances in Technology-Based Education: 
Toward a Knowledge-Based Society 

3 E.x:perimental results comparing e-greedy and Bolztmann exploration/e:xploitation strategies 

In this Section, we present sorne experiments showing the differences among the e-greedy and Boltzmann 
exploratjon/exploitation strategies. As the domain is stochastic, the same experirnent has been carried out l 00 
times, and the average and the standard deviation produced when the system learns to teach in 100 times have 
been shown.. The purpose of tbese experiments is to show how the exploration st:rategies affect the convergence 
ofth~ AIES Jearning, analyzing the nwnber of students needed to use the system until the AIES leams to teach 
optimally. 

In the experiments, we have varied two learning parameters. 71ie learning rate (a), that we vary from 0.9 
(when the system quickJy leams) to 0.1 (when the system slowly Ieams to teach). And the explor-ation versus 
exp/oitation strategies, explained in the previous section. 

Sorne parameters have been fixed for these experiments. The domain size has been fixed. working with the 
domain shown in figure l .A, which has eleven topics and twenty-two tasks (two actions for every topic). The 
student learning capability determinism has been fixed too. Our assumption is that a good studem model has 
been constructed and that students have been classified according to their critical charncteristícs in leaming. In 
this work, in order to simplify the experiments, we only consider one class of students, depending just on two 
Jeaming characteristics: from what kind of tasks the student can leam (definition, introduction and problem), 
and what format the material must be shown so that the student leams (video, text, etc.). Specifically, the 
student model we have built requires that students can leam from definition tasks ooly (but not from other tasks, 
Jike problems). Furthennore, according to the model, 95% of them leam using only the video format and the 
other 5% learn only with text fonnat. It is important to remark that these aspects are part of the student model, 
but the leaming system does not know them. Actually, the Jeaming system will leam the student model in the Q 
function. In a real-world situation, the students generated and simulated according to tbe student model would 
be substituted by actual. students. Also, the actions must be leamed in a predefmed and unknown order, that 
must be learned too. 

3./ Experíments 

In this section, we present the experiments carried out with the a!gorithm Q-!earning and the e-greedy 
exploration policy and the Bo/lzmann exploration policy, in order to compare the differences among them. In 
thís experiments we have been interacting with sorne leamers belonging to the same class of student and noting 
after the simuJation for each student how many actions have been executed in order to learn ali the domain 
knowledge. 

The importance of choosing a good value for the e parameter of the e-greedy exploration policy is obscrved 
in the first experiment. 
• In Figure 2.A we can see how the system converges when the leaming rate (ex) is fixed to 0.1 (in [2J this 

value was shown to be very successful). The figure shows that when e=O. I, the average learning curve 
reaches values of 13,36 actions so that the system teaches ali the knowledge ofthe domain composed of 1 J 
items when 50 students have interacted wíth the system. When e=0.5, the system needs 22, 76 actions for 
the teaching after 50 students. And when e=0.9, the system behaves aJmost randomly, needíng around 100 
actions when 50 students have interacted with the AIES. Other values of the leaming rate parameter (ex) 
have been analyzed, but with the value ofO.l, the best results are obtained. 

• On the other hand, Figure 2.B shows the convergence of the standard deviation curve when a=O.l. We can 
see that when e=O.J the value ofthe standard deviation is almost O, when e=0,5 the value is around 20, and 
when e=0.9, the standard deviation reaches values between 55 and 160 actions. 
At the next experiment, the Boltzmann exploration policy has been used in order to choose the next actíon 

to execute. Although e-greedy action selection is an effective exploration policy, one drawback is that when it 
explores, it chooses equally among ali actions (choosing sorne times very bad actlons). The Boltzmann 
exploration policy estima tes de probability of choosíng the action a, depending on the temperature pararneter (:) 
defined in equation (1). High temperatures cause the actions to be ali (nearly) equiprobable and low 
temperatures cause a greater difference in selection probability for actions. 
• In Figure 3.A, we can see how the system converges when a:=O.l, but this time for the Boltzmann 

exp!oration policy. In this figure we can observe that when 50 students have interacted with the system, the 
AJES needs near 21 actions in order to teach the l 1 items of knowledge of the domain whatever the value 
of the temperature parameter ( C) is. 
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• On the other hand, the system standard deviation learn.ing curve of 100 executions when the learning rate is 
fixed to O. l is shown in Figure 3.B. In this figure we can observe that medium difference exists between 
actions whatever the value of the temperature is (between 15 and 25 actions of difference ). 
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3.2 Discussion 

The experiments canied out in the previous section show that when we use the Boltzmann exploration policy, 
the system needs in average more actions than when we use the e-greedy exploration policy in order to 
converge to optima! po!icies. For instance, with the e-greedy exploration policy when 50 students have 
interacted with the system, the AIES is able to teach executing only with an average of 13.36 actions when a 
==0. I and e==O. l. On the other hand, with the Boltzmann exploration policy and 50 students, the system is able to 
teach the material with an average of2I actions when a=0.1 and r-=OJ. 

Moreover, we have noticed that the standard deviation values are lower in the e-greedy experiments than in 
the Boltzmann experiments. This is why sorne times at the second experiments the system is able to achíeve 
values of only l 1 actions. 

The Bo/tzmann exploration policy, however, includes two advantages when we are interacting with real 
students comparing with the e-greedy exploration policy. First, when the e-greedy strategy does not choose the 
best actíon, it chooses randomly among all actions, choosing sorne tjmes very bad actions. However, the 
Boltzmann strategy chooses among the other actions, not completely random, but taking into account their 
qualities. lf our system could show this probability to the students [3 ), they wouid choose the action to execute 
next, giving the student sorne sense of control oo the system (quality is always desired in educational systems in 
order to maintain the attention of the student). Furthennore, jf the learner often chooses the action with greater 
probability, the system would behave like the 0.9-greedy exploratjon policy, obtaining convergence capabilities 
of the greedy stratcgy. 

4 Conclusions and Further Research 

In this paper we analyze sorne experiments carried out with simulated studcnts. These experiments have 
demonstrated how the system leams to teach by tría! and error at the same time that simulated students learn the 
AIES material. We have shown too that choosing a good exploration and exploitation strategy is deterrninant 
for the efficacy and efficiency at the convergence of the system. Two typical exploration/exploitation strategies 
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ín RL problems have been used for the experiments in order to analyze the differences between them: the e
greedy exploration policy and the Boltzmann exploration strategy. After the collection of the results of these 
experiments, we can conclude that the Bo!tzmann exploration policy introduces advantages in the AIES with 
real students, because the system could present the student severa! options for choosing the next action to 
execute (those that have híghest execution probabilities) and the student assumes the responsibility and the 
control of the teaching interaction. Furthennore, if the students follows the indications of the tutor, it behaves 
li.ke the greedy strategy. improving its convergence capabilitíes. 

Nevertheless, we have noticed that the 50 students needed in order for the system to converge when the Q 
tunction has not been initialized, may be a very large cost in many domains given that those students will work 
with a tooI that has not leamed to teach yet. ln a real situation we can solve this problern by initializing the Q 
function with ínformation of the domain module and/or initialízing it by interacting with simulated students 
with similar learning characteristics. Currently, we are studying the differences at the systern convergence wben 
the size of the domain varies and when more than one class of students interact with the system. Moreover, we 
are in volved in the evaluation of the system with real students instead of simulated students. 
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