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ABSTRACT 
 

“Introduction to ICT Engineering” is the first of four project-oriented courses distributed along all 
the degrees in TelecomBCN, at the Technical University of Catalonia (UPC). This course was 
given for the first time during the spring semester of 2010, and currently we are reaching the end 
of the sixth edition. Following the 4th CDIO standard, it provides the framework for engineering 
practice in product and system building, and introduces essential personal and interpersonal 
skills. Among its main goals we can cite “to make students understand the engineering context 
and acquire motivation through the exposure to complex ICT system building”. The course 
conception and design was already detailed in a communication in the 6th international CDIO 
conference. It was first implemented, according to the original design, in Feb 2010 with a 
reduced number of students; but after this initial experience and six editions, the course 
achieved its regular operation by including many modifications, mainly motivated by the 
feedback we got from faculty and students. This paper describes how the initial design has been 
dynamically adapted to the specificities of a 300 students-per-year course, especially regarding 
contents, methodology and assessment. The evolution of pass rate and student satisfaction is 
also detailed. 
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1. INTRODUCTION 
 

The course named “Introduction to ICT Engineering” (ICT stands for Information and 
Communication Technologies), hereinafter "ENTIC", is the first step that the students of the 
Telecommunications School in Barcelona (ETSETB-TelecomBCN) take in their itinerary of 
courses based on projects.  
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In 2007 and during the remodeling of the degrees when adapted to European Higher Education 
Area (EHEA); ETSETB-TelecomBCN took the opportunity to include in its curricula the principles 
of the CDIO initiative [1]. Particularly, and according to the 4th CDIO standard [2], they included 
an Introduction to the Engineering course (ENTIC). The description of how it was conceived and 
designed was previously presented in [3] and it was first offered in Sept 2010. The more detailed 
description of the course for students is also available on-line at [4].  
 

The main goal of the course is to make the student understand the engineering context and to 
provide them motivation to complex system building by means of a “technology in practice” 
approach. Besides to help the students to put in practice the specific background that is included 
in previous and concurrent courses and to stimulate their interest in topics they will learn in the 
subsequent disciplinary courses. 
 

Roughly speaking, and based on the SeaPearch project [5], the students devote 13 weeks to 
build a remote underwater vehicle (RUV), capable of measuring water parameters and 
afterwards, sending them, using a communication device, to a computer where they can process 
and display the acquired data. We familiarly call the RUV ICT-iNEO due to the pioneering 
submarine launched in 1864 by the inventor from Barcelona Narcís Monturiol. 
 

Around this appealing task, i) we show to the students that an ICT product/service is a complex 
system ii) we introduce them to the project management, and explain how this product/service 
can be commercially exploited and iii) we explain, in a very introductory fashion, the different 
fields they can find in their studies (electrical engineering, computer communications, signal 
processing). These three approaches correspond to the different tracks we have in the design of 
the course, and are better explained in the next section. 
 

In this work, we sketch how the ‘Introduction to the Engineering Course” was finally implemented, 
the main problems we found when operated and the evolution it suffered along the 6 editions in 
which it has already been delivered. We also include some figures about the performance of the 
course, especially the pass rate, and how impacted the changes in the assessment method to 
this figure and to the students opinion about the course. 
 

The rest of the paper is structured as follows. In section 2 we summarize the main goals and 
structure of the course, in the way it was designed in its first edition. Section 3 is devoted to the 
description and analysis of the main problems that were detected, by students and faculty, when 
this course was under operation, in its first editions; and describes the solutions and redesign 
proposals to overcome the detected problems. Section 4 shows figures about the evolution of 
the pass rate, and students' satisfaction. Finally, we conclude with section 5.    
 

 
2. COURSE IMPLEMENTATION OVERVIEW  
 

As previously stated, this is the first project-oriented course that the students can enroll to. It is 
located in the second semester of their curriculum, and it can be followed after passing 5 
previous courses on physics, mathematics, electronics and computers. It provides the 
framework for engineering practice in product and system building, and introduces essential 
personal and interpersonal skills. 
 
Structure 
 

The course is organized in three intertwined tracks, following the three different approaches we 
give to the same project. (Figure 1): 
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Percentage of autonomous work 
 

This is probably the most sensitive item for professors. We assumed that students, when 
entering an engineering degree would be able to face technical problems by autonomous 
learning. This is not true. It is very difficult to conduct a successful experiment by only providing 
the problem definition. We, at the beginning, designed the course with few step-by-step (wizard 
like) supporting material. But, the experience demonstrated that it was very difficult to conduct a 
successful project by just providing the problem definition. 
 

It was found that the students either did not achieve the minimum goals or decided to copy the 
homework.  It was decided to decrease the demand for autonomous work by including more 
detailed information on the steps they had to follow in their daily work. 
 
Work load 
 

Students usually take this course together with 4 other subjects (math, physics, electronics, 
programming).They have a significant workload in all of them, and have the extra-pressure that 
have to pass all the courses to enroll to any course of their second year. Usually, students 
complain about the excessive workload they have to bear and the diversity of work to be carried 
out in the 3 tracks of the course. Actually, we do not believe it is more than the 6 ECTS work 
(150 hours) they are expected to devote. However, we rearranged the due date of the 
deliverables to avoid unwanted overlaps with deliverables from other courses. 
 

Assessment 
 

The students concerns about assessment are only related to the number of tasks and 
deliverables. We strongly believe that a project oriented course need a quite high number of 
evidences that allows us to give them feedback in a per week basis. We need to detect low-
performance to try to correct it or recommend the student to drop the course before the 7th week. 
Students who regularly follow and deliver the tasks should not have problems in passing the 
course. 
 

On the other hand, this is a very complicated and hard task to carry out by the faculty. In 
contrast with focused basic or technical engineering disciples, the course is very broad in scope 
addressing technical, experimental, organizational and management aspects. Finding an 
effective way to educate and assess first year students in all these aspects is a challenging and 
demanding task requiring a quite high amount of hours. We are trying to reduce the number of 
students per group, in order to keep the professor workload under control (a maximum of 12 
students is very appropriate for a proper continuous assessment). However, and due to budget 
restrictions, it couldn't be possible in all the groups, and we do not know if in the future this will 
be worse. We have to think on an alternative plan, maybe reducing the number of evidences, 
grouping them, or even assuming that not all evidences need to be feed-backed to adjust this 
workload. For each student we observe a very strong correlation in the marks obtained in the 
different assessed aspects, this fact allows a substantial simplification of the assessment 
procedure 

 

 
4. PERFORMANCE ASSESSMENT 

 

We mainly have two different data sources for the performance assessment of the Introduction 
to the engineering course. On one hand, the qualification lists from the different semesters, and 
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on the other hand, results of the SEEQ - based questionnaire [8] that we ask the students to 
answer every year. 
 

Qualification list 
 

Figure 3 depicts the overall numbers for the course. During the 6 semesters we have already 
offered it, we had 2 “pilot” semesters in which the number of students was limited. This allowed 
us to implement the design in a “controlled environment”. After that, each year, we have a 
semester with a high number of enrolled students (>200 in Spring) and another one (Fall) where 
we only have students who have missed their cohort.   
 
 

  
 

(a) Evolution in number of students per semester  (b) Number of failures and Fail ratio 
 

Figure 3   
 

It is easy to deduce that the most relevant semesters to study are 3 and 5 (corresponding to 
Spring 2011, Spring 2012). This is also supported by the fact that semesters 1 and 2 (Spring 
2010, Fall 2011) had none students failed mainly due the fact that, as they were the first cohort, 
both, students and faculty were highly motivated, professors also act as students, working with 
their groups, and achieved a high level of performance.  The first steady-state semester was 3, 
when the number of failures was 14 and the failure rate 6%, still under the average failure rate of 
other courses (20-25%). Notice that, this failure rate have reached a standard value in semester 
4 (Fall 2012), and that this value became stable since then.  
 

To analyze the distribution of qualifications during all this 6 semesters we present Figure 4. We 
have divided the qualification range (1-10) in different sets and group students according to their 
qualification.  We show how students in average have a good qualification (around 6-8 over 10). 
It seems clear that student should not find difficult to pass the course although it is very hard to 
get an outstanding qualification. The group of 8-10 qualifications decreases as we reach the 
steady-state semester, and is lower in the fall semester (students with overall lower 
qualifications in all the courses). We have broadened the range of given qualifications providing 
a more accurate way of classifying the students’ performance.   
 
SEEQ – based questionnaires 
 

In order to know more about the perception of the students with respect to the course, we ask 
them to answer a SEEQ-based questionnaire which includes the following questions (Meaning 1 
the less and 5 the highest score). Results are presented in Figure 5 for the relevant semesters. 
 

Q1. My interest in the subject has increased as a result of this course. 
Q2. I have learned and understood the contents of this course. 

0

50

100

150

200

250

1 2 3 4 5 6
0

10

20

30

40

1 2 3 4 5 6

Number Failures 
 
Fail rate (%) 



Proceedin
School of 

 

Q
Q
Q
Q
Q
Q

                
Q

 

 
The SE
students
which is
course o
of every
the ques

 
5. CON
 

ENTIC, 
degrees

ngs of the 9th 
f Engineering a

Q3. I have pro
Q4. The object
Q5. The use o
Q6. Assessme
Q7. The level o
Q8. On averag
      1: less tha

Q9. Overall I a

EEQ-based 
s. The resu
s particularl
organization
y term resu
stionnaire re

NCLUSIONS

the Introdu
s curricula w

International C
and Applied Sc

gressed signif
tives of the co
f ICT tools has

ent correspond
of demand for
ge the hours o
an 3    2: range
am satisfied wi

Figure 

questionna
lts indicate 
ly difficult g
n is being in
lting in con
esults which

S 

uction to the
was first lau

CDIO Confere
ciences, Camb

ficantly in achi
ourse are well d
s improved my
ds to the purpo
r this subject c
f autonomous
e 3 to 5    3:  r
th this course

4 Histogram

aire results 
the need to

given the w
nternally as
tinuous imp
h shows bet

e Engineeri
unched in 2

ence, Massach
bridge, Massa

eving the gen
defined 
y learning proc
ose and level o
ompared to th
 learning of th

range 5 to 7  4
. 

m of qualific
 

show that 
o improve th

wide scope 
ssessed by 
provements 
tter scores i

ing course 
2010 and h

husetts Institut
achusetts, June

eric skills defin

cess of the cou
of the course
he same quarte
is course are: 
:  range 7 to 9

cations per s

the course
he course o
of a projec
the teachin
in all relev

in Spring 20

in the CDIO
have alread

te of Technolo
e 9 – 13, 2013

ned for this su

urse 

er was (1. Muc
 

9  5:  More tha

semester 

e is positive
objectives d
ct oriented d
g staff at th

vant aspects
012 with res

O based ET
y been offe

ogy and Harvar
3. 

ubject 

ch below 5. M

n 9 (hours) 

 

ely evaluate
definition (Q
discipline. I
he beginning
s. This is re

spect to Spr

TSETB-Tele
ered six tim

rd University 

uch higher) 

ed by the 
Question 4) 

n fact the 
g and end 
eflected in 
ing 2011. 

ecomBCN 
mes at this 



Proceedin
School of 

 

moment
operabil

 
 

The cou
Deliverin
difficult d
an early
manage
 
Effective
student 
the teac
assessm
 
In this p
it has e
which is
could be
activities
activities
importan
that stud
provide 
and so t
been int
 
On the o
they con
course (
for this s
their pro
 

  
 
 

ngs of the 9th 
f Engineering a

t. Since its p
lity and scal

Figure 5.  R

urse is pro
ng the cour
due to the la

y training of 
ement. 

e organizati
document d

ching staff. 
ment and im

paper we ha
volved to it

s in average
e due to th
s to carry ou
s are consi
nce to activ
dents are ve
a feeling o
to increase 
troduced for

other hand,
nsider with 
(Q6) and th
subject (Q3

ofessional fu

International C
and Applied Sc

preliminary 
lability, appr

Results and 

oject oriente
rse in the f
ack of techn
students o

ion and ass
deliverables
For these 

mprovements

ave briefly d
ts current s
e a good qua
at despite t
ut (in differe
idered in th
vities outsid
ery active d

of defeat an
the pass ra

r linking the 

 students’ s
high score 

hat they hav
3). The resu
uture enviro

CDIO Confere
ciences, Camb

design, it ha
ropriate for 

evolution o

ed address
first academ
nical backgr
n solving en

sessment o
s and public
reasons th
s. 

described ho
tate. The e
alification b
the explana
ent tracks) d
he assessm
de of labora
during the fi
nd leave oth
ate, more c
activities in

satisfaction 
that the as
ve progress
ult encourag
onment at th

ence, Massach
bridge, Massa

as undergo
a 300 stude

 

of the SEEQ

sing technic
mic year of 
round of stu
ngineering 

of the cours
c presentati

he presente

ow this cou
evolution of 
ut not optim

ations given
during the co
ment (formu
atory. Also c
rst part of t

her activities
connecting b
n all tracks w

degree is h
sessment c
sed significa
ges to follow
his early stag

husetts Institut
achusetts, June

ne significa
ent s per ye

Q-based que

cal, organiz
Telecommu

udents. On t
problems, a

se including
ions, and la

ed course is

rse was firs
pass rate s

mum, and th
n at beginni
ourse and th
ula to mark 
commenting
he project b
s.  In order
bridges betw
with the proj

high; in parti
corresponds
antly in ach
w improving
ge of their e

te of Technolo
e 9 – 13, 2013

ant changes
ear course.

estionnaire f

zation and 
unication E
the other ha
autonomous

 3 different
aboratory wo
s periodical

st implemen
stabilizes to
e failure rat
ng of the c
hat the stud
 the course
g that the g
but practica
r to overcom
ween three 
ject develop

icular it is in
s to the pur
hieving the g
g the course
education. 

ogy and Harvar
3. 

 that result 

  
for the cours

team work
ngineering 

and the cou
s learning a

t tracks with
ork is a cha
lly subject t

nted and det
o around 6-
tio tends to 
course abou
dents know 
e); students
general imp
al problems 
me this disa
different tra

ped in the la

nteresting to
pose and le
generic skil
e to bring s

rd University 

in a better 

se  

k aspects. 
studies is 
rse allows 

and project 

h lectures, 
allenge for 
to internal 

tailed how 
-8 over 10 
20%. This 

ut different 
how these 
s not give 
pression is 
in lab can 
advantage 
acks have 
ab.  

o note that 
evel of the 
lls defined 

students to 



Proceedin
School of 

 

REFERE
 
[1] CD
 Av
 

[2] Cr
 ap
 

[3] Br
de
Ba
Ju

  Av
 

[4] In
 Av

La
 

[5] Th
 Av
 

[6] Kr
 Av
  

[7] Bi
ed

 

[8] M
of

 
BIOGRA
 

Josep P
current 
commun
 

Ferran 
His curr
 

Esteve 
research
 

Sergi B
His curr
 

Antoni 
His curr
 

Ma Jos
departm
 

Corresp
Dr. Jose
Universi
CAMPU
c/ Jordi 
08034 B
Josep.p

 

ngs of the 9th 
f Engineering a

ENCES 

DIO Webpag
vailable at  h

rawley, E. F.
pproach”. Sp

ragos, R., A
esigning an 
arcelona,” Pr
une 15-18, 20
vailable at ht

formation of 
vailable at  
ast access Ja

he Sea Perch
vailable at ht

rysander, C.,
vailable at ht

iggs, J. & Ta
dn, Society fo

arsh, Herb W
f university te

APHICAL IN

Pegueroles
research 

nications. H

Silva Ph.D
ent researc

Pallarès P
h focuses o

Bermejo Ph
ent researc

Broquetas
ent researc

se Soneira
ment departm

ponding au
ep Peguerol
itat Politènic

US NORD C
Girona 1-3 

Barcelona 
egueroles@

International C
and Applied Sc

ge. Conceive
ttp://www.cd

, Malmqvist, 
ringer, 2007.

Alarcón, E., 
‘Introduction 
roceedings o
010. 
ttp://www.cdio

ENTIC in the
https://www.

an 2013 

h Program w
tp://seaperch

, “LIPS is a P
tp://www.liu.s

ang, C. 2007
or Research 

W. "SEEQ: a
eaching." Brit

NFORMATI

s, Ph.D. is 
focuses se
e teaches a

D. is associa
h focuses o

h.D. is asso
n security a

.D. is assoc
h focuses in

s Ph.D. is p
h focuses ra

a Ph.D. is a
ment of UPC

uthor 
les 
ca de Catalu

C3-308 

@upc.edu 

CDIO Confere
ciences, Camb

 Design Impl
io.org/ Last a

J., Östlund, 
. 

Camps, A.,
to Engineer

of the 6th Inte

o.org/files/do

e ETSETB-T
.etsetb.upc.e

webpage. 
h.mit.edu/   L

Project Mode
se/cul/resurs

, Teaching fo
into Higher E

a reliable, va
tish Journal o

ION 

associate 
ecurity for 
at Telecom 

ate professo
on electroma

ociate profe
and reputatio

ciate profes
n electronic

professor of
adar, imagin

associate p
C. His curre

unya 

ence, Massach
bridge, Massa

lement Opera
access Jan 2

S., Brodeur, 

, Pegueroles
ring’ course 
ernational CD

ocument/file/T

Telecom BCN
edu/documen

Last access J

l”, 2005,  
ser/lips?l=en

or quality lea
Education & O

lid, and usef
of Educationa

professor a
multimedia

BCN. 

or at the El
agnetic com

essor at the 
on in mobile

sor at the E
s. He teach

f the Signal
ng and rem

professor a
ent research

This
Com
NoD
 

husetts Institut
achusetts, June

ate.  
2013 

D. “Rethinkin

s, J., Sardà
within the n

DIO Conferen

T4C_Paper_

N website. 
nts/guia_doce

Jan 2013 

Last access 

arning at univ
Open Univer

ful instrumen
al Psycholog

at the Telem
a networke

lectronics E
mpatibility. H

Telematics
e networks. 

Electronics E
es at Telec

l Theory an
ote sensing

t the Signa
h focuses op

s work is
mmons 
Derivs 3.0 U

te of Technolo
e 9 – 13, 2013

ng engineeri

à, J., Sayrol
ew curricula 
nce, École P

_2.pdf. Last a

ent/assignatu

Jan 2013 

versity : wha
rsity Press, B

nt for collectin
gy 52.1 (1982

matics dep
ed services

Engineering 
He teaches a

 departmen
He teaches

Engineering
om BCN.  

nd Commun
g. He teache

al Theory a
ptical comm

s licensed
Attribu

Unported Lic

ogy and Harvar
3. 

ng education

l, E., “Conc
 at Telecom

Polytechnique

access Jan 20

ures/SisAud/2

at the studen
Buckingham 

ng students'e
2): 77-95. 

artment of 
s and secu

departmen
at Telecom 

nt of UPC. H
s at Telecom

g departmen

nications de
es at Teleco

and Comm
munications. 

d under a
tion-NonCo
cense. 

rd University 

n: the CDIO 

ceiving and 
BCN, UPC 

e, Montréal, 

013. 

230009.pdf 

nt does, 3rd 

evaluations 

UPC. His 
ure group 

nt of UPC. 
BCN. 

His current 
m BCN. 

nt of UPC. 

epartment. 
om BCN. 

unications 
 

a Creative 
ommercial-


