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Abstract—The adaptation of new curricula to the European
Higher Education Area implies a radical change in te
teaching/learning process: it is necessary to getuslents more
involved as well as to promote their independencend active
participation. The fast-growing technological develpment, the
increasing use of Information and Communication Techologies
(ICT) and the advent of e-learning technologies makpossible the
achievement of this change. It is described a powfet interactive
electronics educational tool, which can be embeddénla web page
in order to simplify its use by the university stucnts. The results
obtained by means of a test demonstrate the benefiof the use of
this tutorial and the increase in the motivation stidents.

Keywords—European Higher Education Area; interactivity;
Electronics; teaching/learning process; educationahovation

. INTRODUCTION

the latest hypermedia technologies (hypertextseraative
simulations, videos/sounds, databases, remoteetieatr
instruments) to create and to manage educationades, virtual
laboratories, and virtual classrooms [4] [5]. Theaim
advantages of educational systems based on
environments are that they are independent of éinadglocation,
have a simple and familiar web browser-based iatesf and
offer the possibility of simultaneous attendandg .

With the advent of e-learning technologies, theeasibility
of training, teaching, and learning has drasticalbreased. E-
learning is worldwide emerging as the new paradijmodern
education [7].

Thus, this project was born with the aim of cregtam
interactive tutorial for the learning and teachingf
Fundamentals of Electronics subject of the Indaktbesign

extremely important steps ahead. Relevant as theythey
should not make one forget that Europe is not ¢tmdy of the
Euro, of the banks and the economy: it must be @peuof
knowledge as well. We must strengthen and buildnuhe
intellectual, cultural, social and technical dimens of our
continent. These have to a large extent been shhpeits
universities, which continue to play a pivotal rdta their
development”. [1]

includes the fast-growing technological developmetiite
increasing use of Information and Communicationihetogies
(ICT), and the teaching philosophy and methodolilgin the
European Higher Education Area (EHEA) [7]. All tedactors
turn the developed virtual educational tutoriabimat powerful
tool for information diffusion among educators {leers) and
students.

The paper is structured as follows. In Section  explain

Therefore, education is one of the most importanthe necessity and benefits of the use of e-learriegtion 3

foundations for supporting social development icoantry. In
the last decades, researchers have been refinthgcbacepts
and techniques and developing new tools to suppuoet
improvement of educational processes [2]. The tiawil form
of teaching in the classroom can be complementdtduse of
interactive systems based on computers. Thesensystan
provide a high-quality learning environment thatpioves
student learning and, consequently, the educapooductivity

[3].

The evolution of computers associated with the drapi

emergence of internet and its associated toolsphagided
educators with a powerful and effective mechanison f
information delivery. This environment can easitgarporate

presents the features of the implemented tutokiaescription
in detail is drawn in section 4. Finally, sectionsbows the
survey results and the main conclusions of thigepto

Il.  ICF AND E-LEARNING

Information and Communication Technology (ICT) is
progressively including greater spaces in humangdilife,
and education experiences its effect. E-learninthésuse of
telecommunication technology to deliver informatidor
education and training and can be considered adCan
innovation for many students [8].

The use of ICT in Higher Education can be consid@®a
requisite for adaptation to the EHEA. The new téagh

internet
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methodologies aimed at more effective and apprtepléarning
for professional practice involve the use of audioal,
computer and multimedia tools on the part of leatsir

The objective is not only to modernize higher ediocaby
introducing new and sophisticated teaching resayrbat to
assess the didactic possibilities of these ressumcataining the
objectives sought. Pedagogical reflection about I€ibuld
focus on how these resources can benefit univessilgents,
what they represent in the curriculum, and whaty tlearn
(competencies, attitudes, etc.) [9]. The most irtgydrthing in
the use of ICT is the pedagogical method in whindytare
included. Thus, the knowledge, perceptions andudts that
lecturers have in relation to digital resources ideterminant
factor in their use in the educational process.

E-learning is the use of telecommunication techgyltm
deliver information for education and training andn be
considered as an ICT innovation for many studdntevation
is the situational new development and introductiof
knowledge-derived tools, artifacts, and deviceshich people
extend and interact with their environment [8]. IEgés,
universities and private training companies areveding more
and more courses online. With a personal compu®e) (
connected to internet, e-learning allows studentsattend
courses anywhere at any time. Before the telecoriation
technologies became easily accessible, distancringawas
delivered using mail correspondence. For interagtilearners
would have to mail back the assignments to reckgedback
from the instructor or go to the tutoring center flace-to-face
interaction experience. But, nowadays, e-learning grown
into a revolutionary way of learning due to the idap
development of information and communication tedbgies;
and e-learning (or web-based learning) has mad&ndis
learning highly interactive. Students may obtain iatimate
learning experience without attending a brick-araHar
facility. Many of the prior research on e-learnarg concerned
with learning effectiveness and performance. Tloeesf e-
learning is emerging as the paradigm of modern atthue

Therefore, the traditional form of teaching in sl@®m can
be complemented by the use of interactive systemsgdon
computers. The use of these systems has signifidengroved
student learning and effectiveness, and teacheitgational
work. The e-learning technologies [2] employed bin#ide and
outside the classroom are increasingly influendimgnature of
teaching/learning process. Web-based learning tdobies are
enabling powerful possibilities for learning acties outside the
classroom, both in preparation for in-class adésitand in
following them up [3]. Of particular importance angpthese
possibilities is the opportunity to address leasnend
individuals, assessing their strengths and weaksessnd
adapting learning activities in response [10].

In the particular issue of Fundamentals of Ele¢tminthe
lecturers of this subject found that students Hdiffeculties to
understand each operation of the electronic csd¢bivth analog
and digital), mainly due to their different perfante
depending on configuration and the load specifigiially, it is
very difficult to illustrate these concepts in aditional
classroom using static slides and blackboard [12].[In this
work, the authors have developed an interactiveatthnal tool

for the teaching and learning of Fundamentals etfbnics,
continuing their work and research in the HighegiBeering
Education [13] [14]. The resultant resource carused as on-
line teaching tool, taking the advantages of théeemtal of
Internet and multimedia tools for educational pwe® such as
interactivity, dynamism, accessibility any placeaog time.

The benefits of this educational resource for Fumetztals
of Electronics are: it combines all the basic dicneeded for a
Fundamentals of Electronics course; the educatimmudlis an
open access web; it allows students to interatt thig tool and
organize their learning process; and finally, ivésy useful for
any student of this discipline as it covers all ltlasic aspects of
Fundamentals of Electronics (both theory and laiooya

I1l. INTERACTIVE ELECTRONICSTUTORIAL: OBJECTIVES AND
FEATURES

Thanks to this tutorial (based on a web page sfract
(HTML format)), a new and significant innovationimgroduced
in the subject. Until now, the lectures explain thabject
syllabus by means of static slides and blackbo&tdw
technologies provide lecturers with many interegtivols that
improve the teaching—learning process [15]. Thdulisess of
these tools makes important for teachers to havee mo
information about the advantages and possibiliGésusing
technology in the classroom [16], as well as alibatresults
derived from their application. Therefore, withsproject, these
explications can be performed with animations @ thtorial
interactive films. These animations provide intéxec
explanations of the subject theory concepts, theblpm
solution, the assembly of the electronics circaitsl systems
and, step by step, the simulation of these cirahitsugh the
PSpice program. The lectures have an importanterasfy
possibilities in order to capture the interest loé university
students.

The pedagogical aim of this project is to helpl#wtures in
their explanations and to implement a useful tbalt tmakes
possible the sharing use in a virtual space, likernet, of
several multimedia computing applications for tiedg and
understanding of the Industrial Design Engineedaghelor
students. Furthermore, this tutorial achieves arewse of the
student self-learning, since they can use theialias a previous
activity to the classroom explanations, and evear #ie classes.
In any case, the tutorial causes a self-learnifaytefosters the
knowledge construction in the students; holds thelents
responsible for their self-learning; and, finallyakes possible
that the students had control of the contents atiditées. This
tutorial is available in internet and in CD formtd, distribute
among all the students.

The solution of the typical problems provides, dtgpstep,
the identification of the theory knowledge; and s@simulations
of the same problem involves that the students rbeco
awareness of the difference between theory andiggadhe
students must be capable of noticing of the agratbetween
the theory calculations and the simulation ones.



IV. INTERACTIVE ELECTRONICSTUTORIAL: CONTENTS AND 7
ELECTRONICA PARA EL DISENO INDUSTRIAL:
STRUCTURE TUTORIAL INTERACTIVO DE APOYO PARA LA DOCENCIA Y EL ESTUDIO

The structure of the educational tutorial is likke t
Fundamentals of Electronics subject that the lecsuexplain.

The different lessons are divided into several ssemith the %ﬁg‘:ﬁﬂgﬁgﬁﬁ&ﬁlbgISE’:%%L;T&AL&
theory and practice. The themes of each subjednhareasing DOCENCIA Y EL ESTUDIO
their complexity, as in the development of the ensity lessons.
. . . Realizado por: Dirigido por:
It is possible enter to the different lessons byanseof these Francisco Javier Martin Vegas Francisco David Trujillo Aguilera

buttons:

« Introduction: it consists of a presentation videdich
performs an animated summary of the Fundamentals ¢
Electronics subject. When this video finishes, thain
menu appears in the interactive tutorial and wectenose
to StUdy any of the lesson subject (Flg 1land I‘)g UNIVERSIDAD DEMALAGA ~ ESCUELA POLITECNICA SUPERIOR  TECNOLOG{A ELECTRONICA

« Analog Electronics: this is the first important des
included in the educational tool and it containsesal

explanations about the world of the Analog Eledtrsn Fig.1. Start scene
devices (diodes, transistors, inductance, etc.) tmed
operation amplifiers, etc.) (Fig. 3 and Fig. 4).

- Digital Electronics: this is the second importaesdon INTRODUCCION

included in the interactive resource. This lessumsists of
the basis of the digital electronics (binary algebogic
gates, combinational systems, sequential systdmpaad
the analysis and development of the timetableef#ibital
circuit performance (Flg 5 and Flg 6) INTRODUCCION ~ OBJETIVOS ~ ELEMENTOS ~ APLICACIONES

Each lesson is programmed in a different scenectiratbe
chosen in the main menu. The animations encloseraev ELECTRONICA DIGITAL
buttons to move through the interactive tutoritdgsplay, go to
the end, go to the start, go to the main menu).étit the videos
include an explanation of the animations.

This tutorial has been implemented thanks to tleefithese iNDICE GENERAL
computing applications:

INTRODUCCION ~ CONCEPTOS BASICOS ~ FORMAS DE ONDA

ELECTRONICA ANALOGICA

INTRODUCCION ~ ALGEBRA BINARIA  LEYES DE MORGAN  ELEMENTOS BASICOS

SIST. COMBINACIONALES  SIST. SECUENCIALES  SIST. COMPLEJOS

« Macromedia Flash MX Professional: this program 183 Fig.2. Main menu scene
been used to design the web page structure. Tfezedif
scenes of the tutorial include animations, vidéosges,
text, examples, etc, corresponding to the eachesubj
syllabus.

- Swfafla Freeware: with the use of this program [t8%
possible to convert files with .swf format to filegth .fla

ELECTRONICA PARA EL DISENO INDUSTRIAL:
TUTORIAL INTERACTIVO DE APOYO PARA LA DOCENCIA'Y EL ESTUDIO

ELEMENTOS CONCEPTOS BASICOS (1)

CONCEPTOS BASICOS LEY DE OHM.

Laley Ohm formula que la intensidad de la corriente eléctrica que circula por
B0 aley de C ula que ensidad de la corriente eléctrica que circula po

format Thls ﬂa fl|eS are edltable and they Cmdn‘y AMPLIFICADORES unlAcm:’ductAor eléctrico es dil‘cc!:.lmcl]l(c l[)l'optfrcionfxlj ]la d'ifcrcnciu de potencial
. . LY . B aplicada e inversamente proporcional a la resistencia del mismo.
in order to achieve the unification in the formdttoe pisrosrIvos S R R

TEMPORIZADORES a ecuacion matematica que describe esta relacion es:

several subjects.

. - o I=V/R
+ Notepad: it is a text edition program. The trialwsage,
that includes the Flash tutorial, and the evalueiist have Donde:
1 i -1 es la corriente que pasa a través del objeto.
been develOped Wlth thls nOtepad -V es la diferencia de potencial de los terminales del objeto.
Flna”y, some eXampIeS Of scenes are draWn andm - R es la resistencia que muestra el objeto al paso de la corriente.

corresponds to each subject of the tutorial. Mogeawn the next
figures, the wide range of possibilities of the ltos
demonstrated (video, text, circuit simulation, sobe
animation, etc.).

E] ELECTRONICA ANALOGICA

Fig.3. Example of Analog Electronics scene (theory)
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CONFIGURACION DE
UN SIST. ELECTRONICO

CONFIGURACION TiPICA DE UN SISTEMA ELECTRONICO

Un sistema electronico puede estar formado por:

AMPLIFICACION DE
SENALES

GANANCIAS

ACONDICIONAMIENTO
DE SENALES

RESPUESTA EN
FRECUENCIA

& E

ELECTRONICA ANALOGICA

Fig.4. Example of Analog Electronics scene (pcati

ELECTRONICA PARA EL DISENO INDUSTRIAL:
TUTORIAL INTERACTIVO DE APOYO PARA LA DOCENCIA Y EL ESTUDIO

ELEMENTOS BASICOS! FUNCION BUFFER

FUNCION BUFFER FUNCION BUFFER (Si).
La puerta 16gica Si realiza la funcion booleana igualdad.

FUNCION AND ” i o X X
Se utiliza principalmente en aplicaciones como amplificador de corriente 0 como
FUNCION OR seguidor de tension para la adaptacion de impedancias.

La ecuacion caracteristica que describe el comportamiento del BUFFER es:
FUNCION XOR $=p

FUNCION NOT Su tabla de verdad y su simbolo es:
FUNCION NAND
FUNCION NOR

Entrada A Salida S
0 0

FUNCION XNOR 1 1

ELECTRONICA DIGITAL

Fig.5. Example of Digital Electronics scene (thygor

Dﬁ_'i} A B F
=) s
T e
EEE Pl

F=A-/B+/A-B

Fig.6. Example of Digital Electronics scene (pict

V. CONCLUSIONS ANDFORTHCOMINGWORKS

Finally, to evaluate this interactive tool, a syrveas been
developed and analyze among the students andctihiedes that
have used the implemented tool. It is consideredinteresting
to have a feedback and to know the opinion of tierial user
to improve the developed educational electronicsl. to
According to these results, the students are matisfith the use
of these educational innovations so that they imgrtheir
learning and the lecturers’ productivity. In addlitj the

interactive tutorial is well structured and it iasg to find the
concepts of the subject.

Some important conclusions can be drawn aboutethats
of the academic marks of the students from theripény of the
experience to the last course:

« Reduction of the number of repeat students (third
registrations or more)

- Decrease of the percentage of non-taken studertseto
final exam (below the 20% of the number of regester
students)

- Reduction of the number of failed students in Fumelatal
of Electronics subject

- High percentage of passed students that consider th
experience as innovative and original, with impoatta
implications in the teaching/learning process, aitth a
very good valuation of the hard extra work of teetlirer
(94%)

« Mean valuation of the subject (up to 5 points)44péints

According to these results, the university studeats
satisfied with the use of these educational inriomatso that
they improve their learning and the lecturers’ pretdvity. Also,
the interactive tutorial is well structured andieasy to find the
concepts of the subjects.

Moreover, this tutorial is not a static tool. Wensaler very
interesting to update and to continue including iseMjects so
that the tutorial can be extended to all the subjet the IDI
Bachelor.
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