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Abstract—This paper describes the adaptation process to the
European Credit Transfer System requirements of several
subjects aiming at the Information and Communication
Technologies (ICT) learning. Specifically, these subjects are sited
at the Telecommunications Engineering studies lectured in the
University of Valladolid. In a first step two first grade subjects
have been established, while in a second and final step, coinciding
with the new degrees beginning, it will be extended to five
subjects placed in consecutive semesters.

The global programming has been divided into several
subprojects of growing complexity, developed into subjects sited
in different and successive semesters of the degree, following a
pathway leading to the development of a global project
throughout four years. The whole learning process is ICT-
supported, as tools for overcoming distance and scheduling
barriers are offered. In particular, Moodle platform is used,
which has been enhanced with self-evaluation and co-evaluation
tools developed by the teaching group. Main innovation
regarding to the classical approach consists of a computer
programming subject focused on the student learning and based
on the detailed specification of the activity the students have to
perform in and out of the classroom in order to achieve the
educational objectives of each of the subjects. The educational
strategies used to accomplish these objectives are based on the
cooperative learning, on the teamwork developing a
programming project (Project Based Learning, PBL), and on the
discovery learning.

Keywords: European Credit Transfer System; engineering
subjects; Project Based Learning, Moodle platform.

L INTRODUCTION

In the 50s, 60s, and 70s of the 20th century the idea about
learning as a process of gaining knowledge is established. This
process takes place when the student can permanently store
new information in memory. In this model, the role of the
student is to gain knowledge in a passive way, and the
teacher’s is to design environments where the student can
receive a great deal of information [1].

As of 80s and 90s, the teaching idea is transformed into a
concept of building up knowledge, which is performed when
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students directly participate in that building connecting new
learning with the foreknowledge [4]. The teacher’s task in this
case is to design environments where important interactions
among the students, the teacher, and the scholarly resources
can be provided in order to let the student select, organize, and
properly apply the new information.

The problem based learning, and its variant Project Based
Learning (PBL), is a strategy which presents the students the
challenge of “learning to learn” through the collaborative
resolution of open problems, being guided by an enabler. That
is, this methodology is based on a project or plan development
following the project design approach. Activities are oriented
to plan a solution of a complex problem. Work is performed in
teams. The students have more autonomy than in a traditional
class, they use different resources as the teacher is not the main
source of information, he/she acts as an enabler providing
resources and offering advice while they advance in their
research. The students gather and analyze the information,
make discoveries and report the obtained results. The teaching
and facilitation are oriented by a wide range of explicit learning
objectives; some of them can be precisely focused to the
specific content of the theme. The students can achieve
additional goals (no planned) as they explore complex themes
along different lines; they learn to learn between them; they
learn how to help their partners learning; they learn to peer-
review and give constructive feedback both for them and their
partners. Hence, the aim of the project based learning is to
place the student in a realistic scenario, facing real-world
issues, to initiate his/her learning process [6]. The PBL has
been used in the university in general, and in the area of
engineering in particular [5]. The project is the point which
unleashes the learning process, and its development causes the
knowledge structuring into modules grouping several
traditional subjects. Therefore, this working practice depicts a
consistent alternative with the teaching method needed for
training professionals, especially technicians. This approach is
also suitable, to a greater or lesser degree, in mostly every field
of study.
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II. BACKGROUNDS

In the 2005/06 school year we launched the adaptation
process to the European credit system requirements in one of
the subjects design for the Computer Programming learning —
“Fundamentos de Programacion™ undertaken at the
Telecommunications and Electronic Engineering studies
lectured in the University of Valladolid. Main innovation
regarding to the classical approach consists of a computer
programming subject focused on the student learning and based
on the detailed specification of the activity the students have to
perform in and out of the classroom in order to achieve the
educational objectives of the subject. The educational strategies
used to accomplish these objectives are based on the
cooperative learning, formally structured by the puzzle
technique, and on a teamwork development of a programming
project of low-medium complexity level. This approach has
been the result of the learning program adaptation of the
Introduction to Computers subject —“Introduccion a los
Ordenadores”- undertaken at the Castelldefels Polytechnic
School, a good standing center for its high quality teaching, for
its wide experience in the subject adaptation to the European
credit system requirements, and for being one of the pioneers in
applying the cooperative project-based learning in Spain.
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Figure 1. Data trend of the Computer Programming subject grades.

Results of this adaptation are shown in Figure 1. It can be
observed failure rates (“SU”) drop sharply since 2005/06,
while pass rates (“A”) decrease at the expense of higher rates
(“N”, “SB”, and “MH”). Therefore, it can be inferred, using
this student-centered new methodology, more students pass the
subject and with better marks.

According to the promising results obtained in this trial
experience over a single subject, last year this approach was
extended to a new subject in the second semester,
Programming of Multimedia Applications —Programacion de
Aplicaciones Multimedia™-, thus incorporating a new element
to this approach: a multidisciplinary project along a learning
thread. Thereby, the project performed during the first semester
in the Computer Programming subject is broaden, modified,
and completed in the second semester during the Programming
of Multimedia Applications subject.
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III. MODEL-VIEW-CONTROLLER PROGRAMMING PARADIGM

After considering several organizational schemes, the
model-view-controller (MVC) paradigm was considered the
most appropriate to implement the steps comprising the
proposed learning thread.

MVC was first described in 1979 by Trygve
Reenskaug [3], then working on Smalltalk at Xerox PARC.
The original implementation is described in depth in the
influential paper "Applications Programming in Smalltalk-80:
How to use Model-View—Controller" [5]. There have been
several derivatives of MVC. For example, Model View
Presenter is used with the .NET Framework [7], and the
XForms standard uses a "model-view-controller-connector
architecture" [1].

At the heart of MVC, the idea that was the most influential
to later frameworks, is what it is called Separated Presentation.
The idea behind Separated Presentation is to make a clear
division between domain objects that model our perception of
the real world, and presentation objects that are the elements
we see on the screen. Domain objects should be completely
self contained and work without reference to the presentation;
they should also be able to support multiple presentations,
possibly simultaneously. In MVC, the domain element is
referred to as the model. Model objects are completely ignorant
of the user interface. The presentation part of MVC is made of
the two remaining elements: view and controller. The
controller's job is to take the user's input and figure out what to
do with it. It is important to highlight that there is not just one
view and controller. There is a view-controller pair for each
element of the screen, each of the controls and the screen as a
whole.

A very common issue for the programmers is code reusing
and refactoring. Many times we have to solve a problem
similar to another one previously resolved, to improve the
interface of a program, to optimize the underlying algorithm,
etc. These tasks can be simplified separating the code into parts
which can be reused without any modifications. Based on these
premises, in order to reuse a code for future software
development, the model must be independent. Model classes
(or functions and structures) should not access any class from
another group. This way we can compile the model in an
independent library reusable for similar developments.
Furthermore, if the software is developed using C
programming language and we change the platform used (from
example, from Linux to Windows), it should be possible to
recompile the C code with minor modifications. So the model
should not include any concrete graphics, sockets or other
library calls which are usually very different, even within the
same platform, if we use a different environment (think, for
example, in graphics with Visual C++ and with Borland C++,
both under PC/Windows).

Besides, the controller can (and usually does) access model
and view classes by reusing code. View is the more changing
element, so we link it to the controller classes. If we change the
controller, at least we will have to recompile the graphics
interface.
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To get all this operating, the main function has to
instantiate the model, controller, and view classes. In case a
new graphics interface has to be developed, we will work
without modifying the previously developed model and
controller. It will be enough modifying the
creation/instantiation of the graphic interface to include the
new developed version. Everything should work without even
recompiling the model and the controller.

IV. ITINERARY OF THE LEARNING PROCESS IN THE ALREADY

ESTABLISHED THREAD

In order to perform a reusable project, a learning thread
shared between several subjects was proposed. In a first
implementation, it included two subjects: Computer
Programming and Programming of Multimedia Applications.
Performing the project should mean meeting both the final goal
and the associated objectives. Each subject has its own partial
goal (subprojects SP1 and SP2). In Figure 2 it can be observed
the final architecture of the proposed project integrating the
contribution of both subjects.

VIEW
(Text
Interface)

®

Page JSP
PHP Page
Web Application Container

=

CONTROLLER

VIEW

Figure 2. Architecture of the multidisplinary project to be developed in two

subjects.

TABLE L. BREAKDOWN IN STAGES OF THE ESTABLISHED ITINERARY
Subject Contribution to the thread Result
Solving a complete problem using
a high level programming SP1:
language with a modular structure. | A complete single-user
Computer Knowing how to specify and applicat%on .accessing to
: design modules and databases. the application data
programming following a model-
. 1% grade Assembling a simple set of codes &

. 1% semester

in a cooperative way using
separate compilation units.

Building a collection of function
libraries.

view-controler (MVC)
pattern.

Text User Interface
(TUI).

Solving same problem as
previously presented with Web
technologies.

Developing a new graphic
interface (view and controller)

SP2:

Adding to the
application a new way
of accessing, through

Programing . | using HTML, CSS, JavaScript, Internet.

OAf 1;@1:.1 media | a4 PHP programming language. | User interface is a web
ications . . .

. pﬁt grade Developing a new model if site with dynamic

. 2" semester

appropriate, or otherwise
accessing to the previously
developed model. Building new
classes/modules (PHP) for
accessing to the database
(MySQL) into the model.

pages.
Controller are codified
using a server language
(PHP) and accessing to
a database (MySQL).
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MULTIDISCIPLINARY PROJECT: A TRAIN RIDE MANAGEMENT
SYSTEM

As a specific example of a reusable project within the
shared learning thread, we proposed last school year in the
subjects Computer Programming and Programming of
Multimedia Applications, a train ride management system. The
project is divided into two different applications sharing same
data. The first one, called Management, will be used by the
travel agents to handle the information about train stations and
rides. The second application, TravelPlanning, will be used by
travel agents to provide the better travel plan to the clients
according to their needs with the possibility to choose among
the shortest, the fastest, and the cheapest travel. To compute the
shortest path, the Dijkstra algorithm will be used.

A. Computer Programming

Students gain the abilities needed to solve a complete
problem using a high level programming language with a
modular structure, following the model-view-controller
paradigm. They build a set of libraries in a cooperative way to
perform mixed functions.

As a result, we obtain a complete single-user application
(one process only) accessing to the application data by a
hierarchical menu-based information retrieval system
developed in a text user interface. Application execution is
sequential and ruled by the main program controlling the
evolution of the system states, particularly, the “dialogues”
(input/output operations) which are always synchronous.

- )

VIEW

L MODEL /

Figure 3. Architecture of the project to be developed in the Computer
Programming subject.

MULTIDISCIPLINARY PROJECT RESULTS

In this first subject, the train routes planner problem is
analyzed, designed, and implemented in two versions, using
both C and C++ programming languages. In terms of the MVC
paradigm, both applications use the same model and its view is
a console application. In both versions, viewable result is
exactly the same (see Figures 4 and 5).
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[ S T = (“Tecnologias de Aplicaciones Web”), where the web
technologies can be widen.

Cod. Nombre Tipo Origen Destino Sale Llega 0.00 C :
00530 Miguel de Unamuno TALGO 30100 71801 8: 0 19:21 44.40 | ‘
Numero de tramos: 17 MULTIDISCIPLINARY PROJECT RESULTS

H Trayecto del tren ”

The students start this subject using the first phase of the
l developed multidisciplinary project. The analysis and design

00530 Salamanca Cantalapiedra 08:00 1.98 . ..

00530 Cantalapiedra Hedina del Campo 08:29 141 steps have been previously done, so it is not necessary to prove

00530 Medina del Campo Valladolid-Campo Grande B8:50 1.84 ey . .

00530 Valladolid-Campo Grande Burgos 09:18 480 abilities already evaluated in the Computer Programming

00530 Burgos Hiranda de Ebro 10:28 4.59 . o q s .

00530 Miranda de Ebro Haro _ 11:51 1.20 subject. Within the MVC paradigm, the tasks to be performed

080530 Haro Logrono 12:09 247 . ege, . . .

08530 Logrofio Calahorra 12:46 2.12 to acquire the abilities covered by this subject are:

00530 Calahorra Alfaro 13:17 0.85

00530 Alfaro Castejon de Ebro 13:30 0.42 . . .

S E I T B e e  Model: in the first version, data were stored in files.

0530 2 -Delici Honzon - Rio Ci 16365 6.21 i i

e sl s A 1 5% Now, a database will be added using MySQL.

g [ e o 5y ew ous vers . .

v eus arragona B . .

) — MR o R Mo e View: in the previous version, the user interacts with
the system through a MS-DOS console. Now, a web

PR SR (2122 R G T e 4 site will be design to insert data and view the results

Figure 4. Screen shot of the Management application performed in the obtained using the above-mentioned web teChnOIOgles‘

Computer Programming subject. e Controller: the business logic was already designed

and this design is language-independent. Now, the

Ruta mas corta entre Ualladolid-Campo Grande y Santiago de Compostela | ﬂ controller will be coded usmg the PHP langllage-
Tren Estacion origen Estacion destino sal _1lley precio Therefore, the local application developed in the Computer
BAA938 Ualladolid-C: G d Pals i 2.33 3 3 3 T 3 T
Q8751 Palencia T T legah : ERT] Programming subject evolves into a network application with a
88623 Ledn Astorga 1 1.64 . . .
BE92] fistorga Ponforrada 3l3m graphic interface, more user-friendly than the console.
88923 Ponferrada 0 Barco de Ualdeorras 2.88 ’
88923 0 Barco de Valdeorras A Rua Petin %) 8.53
AB623 A Rua Petin 8an Clodio—Quiroga 1 1.13
88923 San Clodio—Quiroga Monforte de Lemos 1.33
88623 Monforte de Lemos Sarrii 1 1.47
AR623 Sarria Lugo 2 2.18
88923 Lugo Curtis 1 2.56
88623 Curtis Betanzos—Infesta 2 1.59 121147
809?23 Betanzos-Infesta A Corufa—§an Cristébhal 11: 1.68
08288 A Corufia—San Cristdbal Santiago de Compostela H 3.68
Presione una tecla para continuar . . . LEE Tren seleccionado
=l

Trayecto del Tren

Figure 5. Screen shot of the TravelPlanning application performed in the
Computer Programming subject.
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B.  Programming of Multimedia Applications VA | s
In this stage, the web technologies (HTML, CSS, e
JavaScript, PHP and SQL using MySQL DBMS) join to the = ==
learning thread. In this case, view will be a web page in a [y
browser, which provides access from different platforms. e
Controller will be recoded using PHP and model (business
logic) will be also recoded if necessary. Figure 7. Screen shot of the Management application performed in the

Programming of Multimedia Applications subject.
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Figure 6. Architecture of the project to be developed in the Programming of o sl | e
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. . .. - 2} Porty 7 7 : -
As a result, we obtain a multi-user web application ey o R ]
[0 Ui Badajer i °

providing a user-friendly access from different platforms. This e Y :
subject will disappear with the new grades, in its stead it will . GEREEREREE "t
be lectured the subject Technologies of Web Applications

Figure 8. Screen shot of the TravelPlanning application performed in the
Programming of Multimedia Applications subject.
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V. ITINERARY OF THE LEARNING PROCESS IN THE THREAD
PROPOSED

With the new grades starting, the Telecommunication
Engineering degree will disappear while Telematic Grade will
be established. Based on the gained experience and on the
results obtained using the learning thread previously explained,
a new learning thread is proposed with a multidisciplinary
project along the four years of the Telematic degree. Hence, to
better accomplish the final goal and the associated objectives, a
five-step itinerary is proposed. Each step is tied to a subject,
which has its own partial goal (subprojects SP1 to SP5). In the
Figure 9 it can be observed the final architecture of the
proposed project integrating the contribution of all the subjects.

=W

20

(Graphical
Interface)

Java
— Beans CLIENT
Distributed Application Container

Pagina Pagina
B - -

Web Application Container

\ MODEL /

CONTROLLER VIEW

Figure 9. Architecture of the multidisplinary project to be developed along
the degree.

Subject Contribution to the thread Result

interface is designed.
Database access and
management class
library.
SP4:

Architecture .

for Distributed | Client-server architectures. Adding to the

application a new way
of accessing: the remote
access from other
computer.

Sockets, middleware (RPC, RMI,
EJB,...)

Applications
. 3% grade
. 2™ semester

Solving same problem as
previously presented with Web SPS:

technologies. Adding to the
application a new way
of accessing, through
Internet.

Use interface is a web
site with dynamic
pages.

Controller are codified
using a server language
(PHP) and access to a
database (MySQL).

Developing a new graphic
Technologies | interface (view and controller)
for Web | using HTML, CSS, JavaSCript,
Applications and PHP programming language.
. 4" grade

. Developing a new model if
. 1* semester

appropriate, otherwise accessing to
the previously developed model.
Building new classes/modules
(PHP) for accessing to the
database (MySQL) into the model.

TABLE II. BREAKDOWN IN STAGES OF THE ITINERARY PROPOSED
Subject Contribution to the thread Result
Solving a complete problem using
a high level programming SP1:
language with a modular structure. | A single user complete
Computer Knowing how to specify and applicatlZon .accessing to
: design modules and databases. the application data
programming following a model-
. 1" grade Assembling a simple set of codes

view-controler (MVC)

. 1"semester |in a cooperative way using

separate compilation units pattern.
§ P s Text User Interface
Building a collection of function | (TUT).
libraries.
SP2:

A complete multiuser
application controlled
by a dedicated
operating system.
The O.S. creates the
semaphores and
launches and controls
the process controller
and several view

Computer Incorporating concepts concerning
Fundamentals | to the operating systems to the
and Operating | project like the process planning,
Systems the process concurrency, and the

. 1% grade communication between

. 2" gemester | Processes.

processes.
SP3:

Software Object-oriented programming. Application is recoded

Syst.ems . Software engineering. Event- using engineering

Eng;neermg oriented programming. Graphic software techniques

- 2" grade interface. :

Controller is re-design
using classes. A graphic

. 2" semester

978-1-4244-6571-2/10/$26.00 ©2010 IEEE

Next, each subject contribution related to the learning
thread will be explained. The contribution of the first and fifth
subjects, already involved in the previous learning thread
(Computer Programming and Technologies for Web
Applications,  earlier =~ Programming of  Multimedia
Applications), are omitted as they were already explained.

A. Computer Fundamentals and Operating Systems

In this stage, new concepts over operating systems (0O.S.),
process planning, and communication among processes are
built into the project.

The O.S. process of the application establishes the
semaphores needed to control the concurrently access to the
model of several clients and manages the communication
between the controller and the view processes, applying

different planning methods.
(Text Interface)

VIEW
(Text Interface)
VIEW
(Text Interface)
MODEL

Figure 10. Architecture of the project to be developed in the Computer
Fundamentals and Operating Systems subject.

As a result of the contribution of this stage, we obtain a
complete multi-user and multi-process application managed by
techniques used in real operating systems. In this stage
communications among processes of the same computer are
manage, which provides a background to the client-server
architecture and the communications among process of
different computers that will be study in next stages of the
thread.
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B. Software Systems Engineering

In this stage, methods from software engineering and
application implementation are incorporated to the thread. The
starting point is the analysis performed in the Computer
Programming subject, then, the design of the required classes is
performed. The model is encapsulated in a class library. The
visual interface is designed following the event-oriented
programming paradigm. Controller is also developed with
classes.

VIEW
(Graphical
L ¥ i Interface)

Access

Managerne-ri't'a 1D

\ MODEL /

Figure 11. Architecture of the project to be developed in the Software
Systems Engineering subject.

As a result of the contribution of this stage, we obtain a
system completely implemented using classes, maintaining the
model-view-controller scheme.

Including the result obtained in the Computer
Fundamentals and Operating Systems subject, a system
accessed from textual or graphic interfaces, or with the
controller developed wusing structural or object-based
programming language can be obtained. Furthermore, the
function or the class library can be used, depending on the
preferences or on the application to be developed.

(Graphical
Interface)

(Graphical
Interface)

Figure 12. Architecture of the project to be developed in the Software
Systems Engineering subject including the results obtained in the Computer
Fundamentals and Operating Systems subject.

C. Architecture for Distributed Applications

In this stage, concepts related to remote communication
among processes in distributed applications —sockets,
middleware (PRC, RMI, EJB,...) are added, thus expanding
the knowledge about communication among processes within
the same computer provided in the Computer Fundamentals
and Operating Systems subject.

978-1-4244-6571-2/10/$26.00 ©2010 IEEE

Access
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\___ Distributed Application Container
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\ MODEL

Figure 13. Architecture of the project to be developed in the Architecture for
Distributed Applications subject.

As a result, an application is obtained keeping the model
while controller is recoded, using specific technologies for
distributed processing in different machines. View can be
found in the same computer or in other.

VI. MOODLE: TOOL FOR LEARNING SUPPORTING

Some tools implemented as modules for the Moodle
platform have been specifically designed to exploit the full
potential of the PBL approach. A module called e-Liza is used
for both a self-evaluation and a competitive evaluation of the
gained knowledge. In e-Liza the questions are not only
proposed by the teacher but also by the students. Of course, the
last ones are supervised by the teacher accepting them or not,
and assigning the difficulty level. Statistics of the individual or
grouping play are shown to the students in order to keep them
informed of their progress.

Programacién & [<[rs 5
T1 > Co-Programacion > Lizss > Programasién > Editar e-iza > Lista preguntas etz oliza

Lista de Preguntas

Categoria: Fundamentos. V4

Nivelg “ Nivel 3
| on prog tee m o]
o3, ¥, 7 T4EX]

—— o
bt
Jnker 5

L ROMdeun ey

lordenador
La directiva include teex]

lordenador
La directiva define iEx|

Categoria: i Primer programa enc 4

Nivelz Nivelg Nivels Nivels

‘ ) \ e s e e v
: el o Jate bt oo tie] P

Categoria: Variables y funciones

“ E “ Nivel 3
e - e
e pise) T jot e

L

5t
%%

il

Categoria: Codigos £

Nivels

P
@ intemet * 100% -

Figure 14. Screen shot of the module e-Liza, the section for entering the
questions.

Another tool to perform questionnaires is used both for
creating evaluation templates used in the peer-reviewing and
for conducting surveys of the curriculum development.
Students can also use other modules specially designed for
each of the subjects, for example programming validators, also
integrated in the Moodle platform. All these tools are very
useful not only for the students making the learning process
easier, but also for the teachers specially helping them in the
classroom management, because this new approach adds more
workload than the classical one, at least in their beginnings.
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VII. CONCLUSIONS

In this paper a learning thread shared by several subjects of
the Telecommunication Engineering degree related to
application programming has been proposed. The goal is to
place the student in a realistic scenario, facing real-world issues
and following a pathway leading to the development of a
global project throughout several years. Results obtained in the
trials previously conducted are encouraging. Students get
higher involved with the subjects and especially faster than
without using this scheme. These facts provoke the students to
get better marks, also decreasing the number of dropped out
students.

As it has been explained, future work will consist of
applying this methodology to a total of five subjects placed in
consecutive  semesters, coinciding with the new
Telecommunication Engineering degrees beginning in the
University of Valladolid.
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