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The Bologna Process and The Informatics Profession

Evolution of Computer Science Studies in Spain
in The European Higher Education Area
Juan-José Cuadrado-Gallego, León González-Sotos, Daniel Rodríguez-García, Miguel-Ángel Sicilia-Urbán
The current situation of Computer Science studies in Spain and most European countries has been affected by the Bologna
Process which aims to establish a European Higher Education Area by 2010. This paper provides an overview of the
situation in Spain and explains how the Spanish system is adopting the Bologna agreement and the new credit system at
both undergraduate and postgraduate levels.

Keywords: European Credit Transfer System, European
Higher Education Area, Spanish Computer Science Education.

1 Introduction
The Bologna Process, which aims to create a European
Higher Education Area (EAHA), has affected most European countries. It includes objectives in the following areas: the introduction of undergraduate and postgraduate levels in all countries; a common European Credit Transfer
System; and mobility of students and teachers. This paper
describes how the Bologna Process is being introduced in
Spain.
This paper is structured as follows. Section 2 describes
the current situation. Section 3 explains how Computer Science studies are being aligned with the Bologna process.
The new European Credit Transfer System is covered in
Section 4. Finally, Section 5 concludes the paper.

2 Computer Science Studies in The Current Situation
In Spain, official studies related with Computer Science
and their corresponding degrees started in the 70s when the
Computer Science Institute was created by Royal Decree
554/1969 of March 29. Computer Science studies were offered in 5 courses. The Ministerial Order of 28 July 1971
made it possible to homologate those courses and accredit
professionals and experts who had been entering what until
then had been a relatively new career, either through unofficial channels or by studying abroad.
Since then, and especially in the 90s, the Computer Science profession has grown in leaps and bounds. There are
currently more than 70,000 graduate professionals, with
more than 70 centres offering Computer Engineering related degrees (both public and private) and carrying out
important research activities.
However, due to administrative apathy, no legal framework has been developed to regulate IT practices and their
associated legal responsibilities, competencies, and powers. As a result, in the field of Information and Communication Technologies, there is a lack of definition in related
areas, especially Telecommunications Engineering and
specializations such as Telematics, and Electronics and some
Industrial Engineering specializations. This is causing de-
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lays and tensions in the process of designing new degrees
in the European Higher Education Area (EHEA) which
Spain has been part of since the inception of the Bologna
process.
The Bologna Process aims to set up mechanisms to facilitate the mobility and exchange of students, academics,
and professionals among European member states. It will
significantly modify the design and practice of the various
facets of academic activity in Spain and, in particular, the
existing catalogue of degrees, their structure, study methods, and accreditation systems in order to harmonize the
different systems to be found in the various countries.
To this end, since the first semester of 2003 a number of
governmental initiatives have been developed to adapt the
Spanish system to the EHEA within a certain timeframe.
However, due to political changes its subsequent development has lacked continuity and progress has been slow and
uncertain.
In view of this, the Spanish National Agency for Quality Assessment and Accreditation (ANECA, Agencia
Nacional de Evaluación de la Calidad y Acreditación) was
created to analyse the Spanish situation and perform comparative studies with other countries. In our area, since 2004
the Deans and Directors of University Computer Science
Centres (CODDI, Conferencia de Decanos y Directores de
Centros Universitarios de Informática) in collaboration with
professional and student associations have been developing the University Studies in Computer Science and European Convergence (EICE, Estudios Universitarios de
Informática y Convergencia Europea) project. The aim of
this project was to describe the present day situation of the
field of computer science and it led to a White Book proposal on the design of new degree courses. The proposed
White Book was agreed on by the participating universities
and includes a description of the context and purpose, objectives, methodological aspects, analysis of competencies
and profiles, proposed structure and curricula guidelines,
evaluation and validation methods, and quality indicators.
The current context is that of the aforementioned number
of professionals, students and institutions, and study programmes that are currently available for the 3 degrees: Computer Engineer, Technical Engineer in Data Processing and
Technical Engineer in Computer Systems. These degrees
are described in the following sections.

2.1 Computer Engineer
Royal Decree 1459, of October 26, 1990 [2], establishes
the official degree in Computer Science and sets out general guidelines for the study programmes leading to it. In
its only article, this decree establishes that the Bachelor
Degree in Computer Science (in Spain, Computer Science
Engineering degree) will be official and valid in all regions
of Spain. In addition, in an appendix it sets out the general
guidelines for the study programmes that need to be completed for the degree to be awarded and homologated.
The second provision of the first section of the appendix establishes that the study programmes approved by uni14
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versities can be implemented in two ways: (i) as a first or
second cycle course with a duration of at least 2 years per
cycle and 4 or 5 years in total; or (ii) as a second cycle
course only with a duration of 2 years after successfully
completing any first year cycle providing approved direct
access to the course. The provision also establishes that each
cycle requires at least 120 credits.
The third provision of the appendix lists the core subjects to be included in all study programmes leading to a
degree in computer science. Table 1 provides a summary of
the subjects, the number of credits assigned, a brief description of their content, and links to one or more knowledge
areas.
The interpretation, and therefore the implementation, of
this Royal Decree has been very varied in the 41 out of the
48 Spanish public universities that offer the computer science degree. All 3 possible scenarios are in evidence (see
Table 2).

2.2 Technical Engineer in Data Processing
Royal Decree 1459, of October 26, 1990 [2], establishes
the official degree in Technical Engineer in Data Processing and sets out general guidelines for the study programmes
leading to it. In its only article, this decree establishes that
the degree will be official and valid in all regions of Spain.
In an appendix it sets out the general guidelines for the study
programmes that need to be completed for the degree to be
awarded and homologated.
The second provision of the first section of the appendix establishes that the study programmes approved by universities must be part of the first cycle with a duration of 3
years. It also establishes that this degree requires at least
180 credits.
The third provision of the appendix lists the core subjects to be included in all study programmes. It also provides a summary of the subjects, the number of credits assigned, a brief description of their content, and links to one
or more knowledge areas (see Table 3).
2.3 Technical Engineer in Computer Systems
Royal Decree 1459, of October 26, 1990 [2], establishes
the official degree in Technical Engineer in Computer Systems and sets out general guidelines for the study programmes leading to it. In its only article, this decree establishes that the degree will be official and valid in all regions
of Spain. In an appendix it sets out the general guidelines
for the study programmes that need to be completed for the
degree to be awarded and homologated.
The second provision of the first section of the appendix establishes that the study programmes approved by universities must be considered as part of the first cycle. It also
establishes that this degree requires at least 180 credits.
The third provision of the appendix lists the core subjects to be included in all study programmes. It also provides a summary of the subjects, the number of credits assigned, a brief description of their content, and links to one
or more knowledge areas (see Table 4).
© Novática
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Core subjects

Credits

Knowledge Areas

First Cycle
Artificial Intelligence and Computational
Statistics
Abstract Data Types and Data
Structures

Computer Structure and Technology

Sciences

6

12

Statistics and Operations Research
Applied Mathematics
Artificial Intelligence and Computational
Sciences
Computer Systems and Languages
Computer Technology and Architecture
Electronics
Systems Engineering

15

Electronic Technology
Electronics

Foundations of Computational Physics

Electromagnetism

Applied Physics
Physics of Condensed Materials

6

Electronic Engineering
Electronic Technology

Foundations of Mathematics for
Computing

Algebra
18

Mathematical Analysis

Artificial Intelligence and Computational
Sciences
Applied Mathematics

Methodology and Programming
Technology

15

Artificial Intelligence and Computational
Sciences
Computer Systems and Languages

Operating Systems

Artificial Intelligence and Computational
6

Computer Systems and Languages
Computing Technology and Architecture
Algebra

Automata Theory and Formal
Languages

Sciences

9

Artificial Intelligence and Computational
Sciences

Systems Engineering and Automatic Control
Computer Systems and Languages

Second Cycle
Computing Engineering and
Architecture

Computing Technology and Architecture
9

Electronics
Systems Engineering

Electronic Technology
Software Engineering
Artificial Intelligence and Knowledge
Engineering

18

Artificial Intelligence and Computational
Sciences

9

Artificial Intelligence and Computational
Sciences

Computer Systems and Languages

Systems Engineering and Automatic Control

Table 1: Core Subjects to be included in The Official Computer Science Degree.

© Novática

UPGRADE Vol. VII, No. 4, August 2006

15

The Bologna Process and The Informatics Profession

2 Cycles. Duration 4 years
First and Second Cycle 2
years

2 Cycles. Duration 5 years

First Cycle 3 years. Second
Cycle 2 years

Second Cycle of 2 years

Universidad de Alicante

Autónoma de Barcelona
Universidad Cantabria

Universidad de Castilla La
Mancha

Universidad de A Coruña
Universidad de
Extremadura

Universidad de Alcalá

Universidad de Girona

Universidad de Granada
Jaume I

Autónoma de Madrid
Complutense de Madrid

Universidad de Las Palmas

Pompeu Fabra

Universidad de Málaga

Universidad de León

de Gran Canaria

Universidad de Murcia

Universidad del País Vasco
Politècnica de Catalunya
Politécnica de Madrid

Politècnica de València
Rey Juan Carlos

Universidad de Almería
Universidad de Burgos

Universidad de Córdoba
Universidad de Huelva

Universitat de les Illes Balears
Universidad de Jaén

Universidad de La Laguna
Universidad de Lleida

Universidad de Oviedo

Universidad Pública de
Navarra

Rovira i Virgili

Universidad de Salamanca
Universidad Nacional de
Educación a Distancia

Universidad de Valladolid
Universidad de Vigo

Universidad de Sevilla

Universidad de Valencia

Universidad de Zaragoza

Table 2: Structure of The Computer Science Degree in The Spanish Public Universities.

3 Computer Science Studies in The New Study
Programme
At the moment the reform process in Spain is to a certain extent on hold, at the whim of political changes. There
is regrettable uncertainty about what will be the official response to the proposals made (EICE project, White Book)
and it is unclear what the development timeframe is to be or
whether the work already done is valid, even with regard to
such fundamental aspects as the possible new catalogue of
degrees or how degrees are to be structured in terms of cycles.
In the field of ICT, the situation is made more complicated still by the present, somewhat atypical, structure in
Spain whereby the subject is divided into two branches of
engineering, Computer Science and Telecommunications,
whereas in other countries a clearer division is made (Computer Science and Electronics). The situation is further complicated by the fact that Telecommunications is legally regulated in terms of competencies and powers, and professional
colleges, which means that strong pressure can be brought
16
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to bear on decision-making political bodies, which perhaps
explains some of the current foot dragging.
With due caution regarding the final outcome of the process, we go on to describe what has been done so far.

3.1 Higher Education Degrees
Royal Decree 55/2005 of January 21 establishes the new
structure of university degrees and regulates official higher
degree qualifications in the European Higher Education Area
initiated with the Bologna declaration in 1999.
The second Chapter defines the structure of higher university education, specifically in the article 6: "University
Degrees leading to official and valid degrees throughout
the Spanish territory will be composed of undergraduate
and postgraduate studies organized in cycles".
Also, Chapter 2, Article 7, defines higher education degrees thus: "The first cycle of university studies will be composed of general basic studies plus other studies focused
on preparing for activities of a professional nature".
Chapter 3 regulates higher degree qualifications. Arti© Novática
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Core subjects

Credits

Statistics

9

Knowledge Areas
Artificial Intelligence and Computational
Sciences

Statistics and Operations Research
Applied Mathematics

Data Types and Data Structures

12

Artificial Intelligence and Computational
Sciences

Computer Systems and Languages
Computer Structure and Technology

Computing Technology and Architecture
9

Electronics

Systems Engineering and Automatic Control
Electronic Technology

Foundations of Mathematics for
Computing

Programming Methodology and
Technology

Operating Systems

Algebra

18

15

Mathematical Analysis

Artificial Intelligence and Computational
Sciences
Applied Mathematics

Artificial Intelligence and Computational
Sciences

Computer Systems and Languages
Artificial Intelligence and Computational

6

Sciences

Computer Systems and Languages

Computer Technology and Architecture
Computer Technology and Architecture

Computer Networks

Artificial Intelligence and Computational
6

Sciences
Telecommunications Engineering

Systems Engineering and Automatic Control
Computer Systems and Languages
Algebra

Automata Theory and Formal
Languages

Artificial Intelligence and Computational
9

Sciences

Systems Engineering and Automatic Control
Computer Systems and Languages
Applied Mathematics

Table 3: Core subjects to be included in The Official Technical Engineering Degree in Data Processing.

cle 9 describes issues related to the establishment of official university degrees. Section 3 sets out the content of the
report that the University Coordination Council must send
the Council of Ministers for its approval (as stated in the
Section 1 of the Article). The report must contain explicit
reference to at least the following five aspects:
1.Specific title of the degree, total number of credits,
common core content, and the minimum number of credits
assigned to each module.
2.Specification of the objectives of the degree, and re-

© Novática

quired knowledge, aptitudes, and skills to obtain the degree
with reference to the common core content
3.Professional profile associated with the degree
4.Relevance of the degree to knowledge development
and to the Spanish and European job markets
5.Rationale for including the degree in the catalogue of
official university degrees taking into particular account its
alignment with European Higher Education Area guidelines.
Section 1, Article 10 of Common Guidelines in the same
Chapter establishes that "the total number of credits required
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Core subjects

Credits

Statistics

Knowledge Areas
Artificial Intelligence and Computational

6

Sciences

Statistics and Operations Research
Applied Mathematics

Data Types and Data Structures

12

Artificial Intelligence and Computational
Sciences

Computer Systems and Languages
Computing Technology and Architecture
Computer Structure and Technology

15

Electronics

Systems Engineering and Automatic Control
Electronic Technology
Electronics

Foundations of Physics for Computing

Electromagnetism
6

Applied Physics

Physics of Condensed Materials
Electric Engineering
Electronic Technology

Foundations of Mathematics for
Computing

Algebra

18

Mathematical Analysis

Artificial Intelligence and Computational
Sciences

Applied Mathematics
Programming Methodology and
Technology

Operating Systems

12

6

Artificial Intelligence and Computational
Sciences

Computer Systems and Languages
Artificial Intelligence and Computational
Sciences
Computer Systems and Languages

Computing Technology and Architecture
Engineering of Management Software

12

Artificial Intelligence and Computational
Sciences

Computer Systems and Languages
Organizational Techniques and
Enterprise Management

12

Economics and Accounting
Organizations Structure

Table 4: Core Subjects to be included in The Official Technical Engineering Degree in Computer Systems.

to obtain the official degree shall be between 180 and 240".
By credits is meant European Credit Transfer System
(ECTS) credits, which will be explained later in this document.
With regard to application, the Royal Decree establishes
in its third and final provision, Regulatory Development,
that "it is the responsibility of the Ministry of Education
and Science and the Universities to dictate, within the scope
of their respective competencies, the provisions required to
enact this Royal Decree".

18
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3.1.1 Computer Engineer

In accordance with Royal Decree 55/2005 of October
2005, the Spanish Ministry of Education and Science began to implement the proposals for an initial set of higher
education degrees. This work was concluded in February
2006 with the creation of a technical specification [5] (in
accordance with Section 1 of Article 9), an explanatory
document, and an example of the first set of degrees. Among
those, there is the degree of Engineering in Computer Science.

© Novática
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The technical specification of each Computer Science
degree (section 1, Article 9) should state:
Title of Degree: Computer Engineer
Total number of credits:
-Basic Training: 180 ECTS
-Additional Training with an academic or professional
orientation: 60 ECTS credits; of those credits at least 30
must correspond to the final year project (FYP).
The common core content and minimum number of
credits assigned to each module:
-Programming: 27 ECTS
-Software Engineering, Information Systems, and Intelligent Systems: 30 ECTS
-Computer Engineering: 18 ECTS
-Operating Systems, Distributed Systems, and Computer Networks: 21 ECTS
-Professional Aspects of Computer Science Engineering: 6 ECTS
Section 2 of Article 13 of the Royal Decree states that
"for each subject of a given study programme, Universities
must specify objectives, knowledge, aptitudes and skills to
be acquired, description of content, and the number of credits assigned to each subject".
With regard to graduate studies, the Royal Decree allows universities the freedom to establish their length. Section 4 of Article 13 states: "The study programmes shall
specify the academic structure of their content and schedule …". Consequently, the official study programme for
Computer Science Engineering does not include any schedule.
However, the White Book for a Computer Science Engineering Degree published by the National Agency for
Quality Assessment and Accreditation (ANECA) [6] shows
the results of the work carried out by a network of Spanish
universities. Chapter 11 entitled "Studies on the structure
and model of the Degree" sets out the proposal for undergraduate studies with 240 ECTS over 4 years.

3.2 Postgraduate Studies
Royal Decree 56/2005 of January 21 [7] regulates official postgraduate studies within the European framework
for higher education, which was initiated by the Bologna
Process in 1999.
Chapter 1, Article 2 of the Royal Decree states that the
organization of postgraduate studies will be established in
integrated programmes leading to Master’s or Doctoral degrees. It also defines the aim of postgraduate studies thus:
"The purpose of official postgraduate studies is to provide
specialized training in a student’s academic, professional,
or research field".
Articles 4 and 5 of Chapter 1 describe issues related to
the "Development and approval of official postgraduate
studies". With regard to the development of these studies, it
is stated that the programmes will be developed and organized as each university sees fit. They will be proposed by a
Committee of Doctoral Studies set up by the university and
approved by the university board of governors.
© Novática

With regard to the approval of the programmes established by universities, Article 5 states that the implementation of official postgraduate programmes will be subject to
satisfactory reports from the corresponding autonomous
community and from the University Coordinating Council,
after which the Ministry of Education and Science will issue a list of official postgraduate programs to be published
in the Official State Gazette.
In relation to the structure of postgraduate structures.
For Master’s degrees, Chapter 2 Article 8 section 1,
states: "Second cycle university degrees leading to a Master’s degree will have a minimum of 60 credits and a maximum of 120".
For Doctoral degrees, Chapter 3 Article 10 Section 1
states that Doctoral degrees may be organized as courses,
seminars, or other activities aimed at the training of research
personnel and must include the presentation of a doctoral
thesis.
With regard to entrance requirements for postgraduate
studies.
For Master’s degrees, Chapter 1 Article 3 states that it
is necessary to have obtained a bachelor degree or another
explicitly equivalent qualification.
For Doctoral degrees, Section 3 of the same article
defines entrance requirements as a minimum of 60 credits
of official postgraduate studies and a minimum of 300 credits
in total (under- plus postgraduate studies). Also, universities are free to decide the selection criteria.
3.2.1 Master in Computer Science

Following the criteria stated in the Royal Decree and
with the aim of unifying criteria, the Conference of Deans
and Directors of University Computer Science Centres held
in Alicante in June 2006 suggested an initial design for an
official Master in Computer Science composed of 5
blocks[8]:
Complementary Subjects (MC): These must be covered, before the rest of the blocks if possible, by students
who do not have a degree in Computer Science.
Professional Common Core Subjects (CFCP): To include subjects directly related with the practice of the profession.
Technical Common Core Subjects (CFCT): To include
technological content at a more advanced level than the
content that may already have been covered in the bachelor
degree course.
Specialization (E): Subjects referring to technologies,
systems, processes, or new methods not yet implemented
in the market but which may provide new solutions in the
future.
 Final Project: Master (TFM): Students who completed
a final year project (FYP) of 30 credits in Computer Science or a related subject do not need to produce a Final
Master Project.
Based on the previous blocks and taking into account
how the student has accessed this course, there is a preliminary proposal organised in 4 blocks totalling between 60
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and 120 credits:
Model 1: Students who have successfully completed
undergraduate studies in Comp Science (240 ECTS, including 30 ECTS of the FYP) have 3 options:
-Option A: Students must complete 15 ECTS of CFCP,
30 ECTS of E and 15 ECTS of TFM, i.e., a total of 60 ECTS
or one academic year.
-Option B: Students must complete 15 ECTS of CFCT,
30 ECTS of E and 15 ECTS of TFM, i.e., a total of 60 ECTS
or one academic year.
-Option C: Students must complete 15 ECTS of CFCP,
15 ECTS of CFCT and 30 ECTS of E, i.e., a total of 60
ECTS or one academic year.
Option 2: Students who have completed undergraduate studies in Computer Science Engineering (210 ECTS,
without FYP) will have 1 option:
-15 ECTS of CFCP, 15 ECTS of CFCT, 30 ECTS of E
and 30 ECTS of TFM, i.e., a total of 90 ECTS or one and a
half academic years.
Option 3: Students who have completed undergraduate studies in Computer Science Engineering (180 ECTS,
without FYP) will have 1 option:
-30 ECTS of MC, 15 ECTS of CFCP, 15 ECTS of CFCT,
30 ECTS of E and 30 ECTS de TFM, i.e., a total of 120
ECTS or 2 academic years.
Option 4: Students who have completed undergraduate studies in other degrees
-30 ECTS of MC, 15 ECTS of CFCP, 15 ECTS of CFCT,
30 ECTS of E and 30 ECTS de TFM, i.e., a total of 120
ECTS or 2 academic years.
3.2.2 Doctor in Computer Science

As stated previously in this paper, each university will
be responsible for developing its own doctoral studies and
consequently there is no specific proposal for doctoral studies in computer science in Spain. However, as has also been
stated previously, students must have obtained a minimum
of 60 credits in postgraduate studies and 300 in total (undergraduate and postgraduate studies). Taking all this into
account, the 60 credits in postgraduate studies can be obtained in two ways: (i) through courses, seminars or other
activities as established by Royal Decree 56/2005 Article
10 Section 1 or (ii) as Master’s studies. Thus, in a meeting
in held in June 2005, the CODDI decided that although the
official Master proposed is professionally oriented and therefore essentially an exit course, it should allow students to
access doctoral studies.

4 Analysis of The Difference between The Current Credit System and The ECTS
The current credit system is very simple. One credit consists of 10 academic hours and only theoretical or practical
hours of class are computed.
ECTS (European Credit Transfer System) credits provide the unit of measurement and are regulated by Royal
Decree 1125/2003 of September 5.
According to the Article 3 of the Royal Decree, one
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ECTS credit represents the amount of work students must
do to complete the study programme. Credits are obtained
when a student passes each of the subjects making up the
degree’s study programme. Credits are valid throughout the
country.

4.1 Assignment of Credits to A Subject
The Article 4, Section 3, states that credits will be assigned to each subject comprising the curriculum by computing the number of hours required by the students to obtain the knowledge, capabilities, and skills. This assignment
must include hours of:
a.Theoretical and practical classes
b.Personal study
c.Seminars
d.Assignments, practicals, or projects
e.Exam preparation
f.Exam sitting
Section 5 of the same article states that the minimum
number of hours per credit is 25 and the maximum 30.
The procedure for assigning ECTS credits is not simple. Although the computation of hours for a, c and f is
easily computable (those must be planned by the module
convenor), the credits for b, d and e vary depending on the
student’s capabilities. However, taking into account Section 1 of Article 5 concerning the assignment of credits once
an exam or evaluation has been passed, it is possible to compute the number of credits statistically. This requires the
collaboration of the student and consists of:
1.A questionnaire is designed to find out the number of
hours that a student has devoted to activities b, d and e.
This questionnaire should be filled in by students on a daily
basis as they do each subject, noting down the numbers of
hours spent each day on each of the 3 activities.
2.Once the subject is completed, it is possible to compute statistically the results obtained assigning, for example, the average number of hours that students devoted to
activities b, d and e.
Although this procedure is only an approximation, it may
be very useful in the initial phase of the EHEA adoption
process. It has already been successfully applied in the department of Computational Science at the Universidad de
Alcalá to adopt the EHEA. However, according to Article
4, Section 6 of Royal Decree 1125/2003, the number of credits assigned to a subject is to be determined by the government on the basis of a report from the University Coordinating Council.

5 Conclusions
The Bologna Process aims to establish a European
Higher Education Area by 2010. In this paper we have described how the legal framework of the Spanish education
system is adopting the process at both undergraduate and
postgraduate levels. It is also affecting the way credits are
computed as a result of adopting the European Credit Transfer System. Although it is still in its infancy, this adoption
process is expected to facilitate the mobility of students and
© Novática
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teachers throughout participating states, achieve a greater
involvement of students, and promote lifelong learning.
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