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CDIO skills versus UPC skills

Oral and written communication

In order to choose a significant and reduced number
of skills towards covering all aspects of the education of
engineers we perform different comparison between
different frameworks. Some of the skills are mandatory in
our University and in our country, some others are very
well-known across prestigious universities in Europe and
the US.
Our comparison tables have its main focus in the
second level of the CDIO syllabus [2] and are shown in
Figures 1, 2 and 3. The following conclusions can be
drawn.
Comparison of CDIO second level skills with UPC
required skills. As shown in Figure 1, UPC skills [3] are
restricted to the so-called soft skills, leaving the aspects
related to the practice of engineering to the field of specific
skills (content), different for every engineering discipline
and therefore not included.
Communication in a foreign language (English)

At Telecom BCN, the School of Telecommunication
Engineering of Barcelona at Universitat Politècnica de
Catalunya (UPC), Barcelona Tech, we started three years
ago the design of new curricula into the frame of the
European Higher Education Area (Bologna process). The
adaptation to the Bologna process has allowed us to
perform an in-depth reorganization and to identify the
appropriate learning outcomes.
Under a new strategic plan, we set up the main goals
to design the new curricula. Learning outcomes from wellknown models used in several universities in Europe and
the United States (ABET, Tuning, CDIO,...) were
analyzed. We compared them with the requirements
established by our Institute of Science Education and the
requirements for verification of academic qualifications set
by the Spanish laws. Reports of industry representatives
and public institutions were also taken into account [1].
In this paper, we first show comparisons among
representative models of skills, including the ones that are
mandatory in Spain and in our University. CDIO has been
chosen as a paradigm for new curricula design and their
syllabus have been fundamental to identify the learning
outcomes of our study plans.
Afterwards, we will explain how ten generic skills
have been chosen as a common characteristic of all our 4year bachelor degrees. These generic skills at different
levels of difficulty define skill pathways though the
curricula involving all subjects. Every subject may
contribute to the learning of several skills at a given level
and actively contribute to develop and assess two of them.
On the other hand, four specific project courses have been
scattered along the curricula, at the second semester of
each academic year to reinforce concepts and prepare
students to work in a company or business environment.

Societal and environmental context

Comparison of skills given by different frameworks

Innovation and entrepreneurship

Introduction

Fig. 1. Comparison of CDIO second level skills with UPC
required skills. Common skills are indicated
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4.2. Enterprise and business context
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3.3. Communication in foreign languages

3.2. Communication

3.1. Teamwork

2.5. Professional skills and attitudes

2.4. Personal skills and attitudes

2.3. System thinking

2.2. Experimentation and knowledge discovery

2.1. Engineering reasoning and problem solving

1.3. Advanced engineering fundamental knowledge

1.2. Core engineering fundamental knowledge

1.1. Knowledge of underlying sciences

Spanish law skills vs CDIO skills

our study. We also observed that Enterprise and Business
Context skills are not so explicitly covered by ABET.
As a conclusion, CDIO skills, shown here in their
second level for comparison, are quite convenient since
they cover all aspects of engineering required by our
University system and the Spanish law, as well as covering
other well-know frameworks like ABET. Furthermore
CDIO skills are clear and concise.

A. Capacity for drafting and developing projects
B. Knowledge of basic subjects and technology that
qualifies for the learning of new methods and
technologies, acquirement of a great versatility to
adapt to new situations.
C. Ability to solve problems with initiative, decision
making, creativity, ability to communicate and
transmit knowledge, understanding the ethics and
professional responsibility of the activity of the
bachelor in telecommunication engineering.
D. Ability to direct and manage the activities of
telecommunication projects.
E. Knowledge on measurements, calculations,
assessments, appraisals, surveys, studies, reports,
scheduling and other similar works.
F. Faculty to manage specifications, laws and
mandatory regulations.
G. Ability to analyze and assess the social and
environmental impact of technical solutions.

Definition of generic skills at Telecom BCN
Once CDIO was identified, the second step was to
define a reduced number of generic skills as expected by
our University.
The process we followed is summarized in Figure 4.
CDIO generic competencies are grouped in two columns.
A common block to all career tracks (left) that combined
with specific skills on the central column, give rise to
different engineering profiles. Orange continuous line
ellipses indicate skills covered, although partially, by UPC
requirements. Green dashed ellipses identify two groups
[Engineering
Reasoning
and
Problem
Solving,
experimentation, system thinking] and [Conceiving,
Designing, Implementing, Operating] that should be
addressed in order to cover all professional profiles.

H. Knowledge and application of basic elements of
economics, human resources management, project
planning and organization, as well as legislation,
regulation and laws in telecommunications.
I. Ability to work in a multidisciplinary group in a
multilingual environment and to communicate both
orally and in writing, knowledge, procedures,
results and ideas related to Information and
Communication Technologies and more specifically
with telecommunications and electronics.

4.6. Operating

4.5. Implementing

4.4. Designing

4.3. Conceiving and engineering systems

4.2. Enterprise and business context

4.1. External and societal context

3.3. Communication in foreign languages

3.2. Communication

3.1. Teamwork

2.5. Professional skills and attitudes

2.4. Personal skills and attitudes

2.3. System thinking

2.2. Experimentation and knowledge discovery

2.1. Engineering reasoning and problem solving

1.3. Advanced engineering fundamental knowledge

a. An ability to apply knowledge of mathematics,
science and engineering

1.2. Core engineering fundamental knowledge

ABET requirements vs CDIO skills

1.1. Knowledge of underlying sciences

Fig. 2. Comparison of Spanish laws for telecommunication
engineering curricula and CDIO second level skills

b. An ability to design and conduct experiments, as
well as to analyze and interpret data.
c. An ability to design a system, component, or
process to meet desired needs.
d. An ability to function on multi-disciplinary teams.
e. An ability to identify, formulate, and solve
engineering problems.
f. An understanding of professional and ethical
responsibility.
g. An ability to communicate effectively.
h. The broad education necessary to understand the
impact of engineering solutions in a global society
context.
i. A recognition of the need for, and an ability to
engage in life-long learning.
j. A knowledge of contemporary issues.
k. An ability to use techniques, skills, and modern
engineering tools necessary for engineering practice.

Strong Correlation
Good Correlation

Fig. 3. Comparison of ABET requirements and CDIO second
level skills [3]

However, other standards and recommendations
emphasize common skills across all engineering studies. In
any case, we observe that if the CDIO skills were chosen,
UPC soft skills would be covered.
Comparison of Spanish laws for telecommunication
engineering curricula and CDIO second level skills.
Spanish bachelor degrees in engineering that lead to
professional activities are regulated by law. In particular
for telecommunications (electrical) engineering degrees [4]
the laws specify some generic skills as well as some
specific skills. Generic skills in this case include soft skills
and some generic engineering skills. Specific skills are
related to the traditional contents of curricula. Our goal in
this case is to compare generic skills of the Spanish law
requirements and the second level of CDIO skills. We see
that CDIO again can cover these requirements with a more
simple approach. CDIO goes beyond by considering skills
like System Thinking and Conceiving and Engineering
Systems that are not explicitly considered in the Spanish
law. We also observed in another comparison, not included
here, that UPC skills were insufficient to cover Spanish
law generic skills.
Comparison of ABET requirements and CDIO
second level skills. This comparison is reproduced here
from [2]. Although these two frameworks are quite close
there are some advantages in using CDIO. CDIO is more
clearly organized and contains more level of details when
implementation is required, providing measurable goals
that are critical to curriculum design and assessment.
ABET was also compared to Spanish law generic skills in

Fig. 4. Adapted from [3]. Combinations of generic skills that give
rise to identifying distinct profiles partially covered by UPC skills
(orange) and areas to be covered (green)

UPC:

Thus, in addition to generic skills proposed by

1. Innovation and entrepreneurship;
2. Societal and environmental context;
3. Communication in a foreign language (English);
4. Oral and written communication;
5. Teamwork;
6. Survey of information resources;
7. Autonomous learning.
Three additional skills were chosen to be compliant
with all frameworks:
8. Ability to identify, formulate and solve
engineering problems;
9. Ability to conceive, design, implement and
operate complex systems in the field of Information and
Communication Technologies;
10.
Experimentation
and
knowledge
of
instrumentation.
These three additional generic skills can be further
described as follow:
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8. Ability to identify, formulate and solve
engineering problems.
Ability to pose and solve engineering problems in
the ICT field with initiative, decision making and
creativity. Ability to develop a method of analysis and
problem solving systematic and creative.
9. Ability to conceive, design, implement and
operate complex systems in the field of ICT.
Ability to cover the entire life cycle (conception,
design, implementation and operation) of a product,
process, system or service in the ICT field. This includes
writing and project development in the area of expertise,
knowledge of the basic materials and technologies,
decision making, management of activities under the
project, conducting measurements, calculations and
assessments, management of specifications, regulations
and mandatory standards, assessment of social and
environmental impact of technical solutions, economic and
material evaluation, human resources involved in the
project, with a systemic and integrated perspective.
10.
Experimentation
and
knowledge
of
instrumentation.
Ability to function comfortably in a lab
environment in the ICT field. Ability to operate
instrumentation and tools in the telecommunication and
electronic engineering field. Understand and operate with
manuals and specifications. Ability to assess the errors and
limitations associated with measurements and simulation
results.
The last skill could be considered included in the 8
and 9 but it was the desire of our faculty to keep explicitly
one of the most positive aspects of our previous
curriculum, conceived in 1992, which was the commitment
to experimentation
All skills are defined in three levels of difficulty.
Here we show an example for skill 8.
8.1 (basic level). Identify the complexity of the
issues addressed in the different subjects. Properly raise the
solution from a proposed problem statement. Identify
different options for resolution. Choose an option,
implement and identify, change if a solution is not reached.
Come up with available tools or methods to verify if a
solution is correct or at least consistent. Identify the role of
creativity in science and technology.
8.2 (medium level). Identify, model and create
problems from open situations. Explore alternatives for
resolution, choose the best alternative according to a
criterion. Manage approximations. Propose and implement
methods to validate the usefulness of the solutions. Have a
vision of a complex system and the interactions between its
components.
8.3 (advanced level). Identify and model complex
systems. Identify appropriate methods and tools to set the
appropriate equations or descriptions associated with the
models and solve them. Conduct qualitative analysis and
approximations. Define the uncertainty of the results.
Propose hypotheses and experimental methods to validate
them. Establish and manage commitments. Identify and
prioritize key components. Develop critical thinking.
The seven generic UPC skills in its three levels of
achievement are described in [3].

Introducing generic skills in the Telecommunication
Engineering Curricula
Once the generic skills are chosen the curricula
structure is established. The following conditions are taken
into account:
• No specific subjects devoted exclusively to
generic skills are desired;
• It is recommended that each academic year,
generic skills are simultaneously treated from different
subjects;
• It is not advisable to overload subjects;
• It is advisable to assign at least one generic skill to
each subject;
• Vertical coordination is required to deal with skill
achievement by the students.
Thus, skills pathways were defined by involving all
subjects. Every subject may contribute to the learning of
several of the ten skills at a given level (basic, medium,
advanced) and should actively contribute to develop and
assess two of them. This approach is in accordance with
various frameworks and in particular the CDIO initiative
proposes to build an integrated curriculum, with the skills
embedded in the subjects.
CDIO also proposes to insert different subjects
along the curriculum exclusively devoted to projects (builtin experiences) in which, naturally, there are various skills,
both personal and interpersonal, as well as specific
engineering skills that are put into practice. In particular, it
is recommended to carry out a specific subject in the first
year of studies where an introduction to engineering and a
first project help students to identify the context in which
they will develop their training and properly focus on other
subjects. It is, in short, to consider generic skills as a
learning context of engineering and not its content, which
will consist of the specific competences of the different
subjects.
Thus, the curriculum includes in its structure a
number of subjects devoted to develop projects that should
not be seen as containers of skills but they must have a
triple impact:
• Consolidate the learning of subject content to be
pursued in parallel and above;
• Encourage the student;
• Working in the engineering context and, therefore,
provide a framework to develop naturally most of the
generic and specific skills.
Subjects devoted to projects ensure proper
achievement of the objectives and provide an adequate
conceptual basis at every academic level. They are
reinforced with seminars on very specific aspects of
project management, information management and
teamwork. These seminars are spread throughout the
curriculum within the subject project with the aim of
putting the concepts into practice right away.
We then define the following groups of subjects.
1. Project subjects.
In the first year. Introduction to ICT Engineering.
The main features are the following. It introduces the
engineering discipline. It sets fundamental basis
identifying tasks, skills and framework in engineering. It
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motivates learning skills. Generic skills are first introduced
such as oral and written communication, teamwork,
introduction to CDIO. Training sessions in economics and
business and a short project is addressed
During the second, third and fourth year. Basic
Project in Engineering (second year), Advanced Project in
Engineering (third year), Final Degree Project (fourth
year). The main features are the following. They introduce
complexity in a gradual way. They can fit all the skills that
should be allocated and prioritized. Specific seminars are
given (patents, conflict management, sustainability, etc.).
Admits projects targeting diverse professional orientations:
research, technical design of product, process or service,
product and economic aspects.
2. Subjects with active methodologies:
Subjects that carry out active learning activities,
laboratory (experimental), Cooperative learning; Problem
based learning or case study; Short projects and work with
oral presentations and written report
3. Subjects with a more “classical” approach:
They can promote the insertion of any of the skills.
Identify issues that they take place nowadays, related to
formulation and problem solving and enhance the
relationship of skills with a selection of appropriate
examples and case studies, giving information on the
context of the problem and looking to guide the analysis as
part of the design process (Design-Oriented Analysis)
Specific study plans with the described approach
can be obtained from our web page.

Conclusions
The new curricula adapted to EHEA at Telecom
BCN, have a structure that encourages the learning of
generic skills through a blended formula. First all subjects
include a reduced number of skills that define vertical
pathways so every one of the Telecom BCN skills are
practiced at least in three different subjects in three
different levels. Second, project subjects are defined at
every academic year to strengthening the learning of the
contents of other subjects and to develop generic skills
naturally through activities close to the practice of
engineering. This scheme is compatible with the standards
defined by the CDIO initiative, which Telecom BCN has
joined in July 2009.
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