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FOREWORD 
 
This CD contains the Proceedings of the EAEEIE 2013, which is the 24th in a series of 
international conferences of the European Association for Education in Electrical and 
Information Engineering (EAEEIE). It is organized by the Department of Applied Informatics 
and Multimedia of the Technological Educational Institute of Crete, Greece and EAEEIE. The 
mission of the EAEEIE is to enhance education in EIE through understanding of European 
education practices, industry participation, continuing education, credit transfer in 
international exchanges, scientific and educational research, and to determine criteria to 
establish standards on EIE education. 
 
The key objective of the EAEEIE 2013 is to bring together lecturers, researchers and 
professionals in the field of EIE all over Europe with the aim to exchange ideas and 
information and contribute to the development of EIE education. Special attention was drawn 
to engineering education and internationalization, virtual learning environments and 
innovation in pedagogical way of teaching, as well as  European curricula in Electrical and 
Information Engineering. Furthermore, two workshops on the European Thematic Networks: 
PRAXIS and SALEIE were organized by Prof. Tatjana Welzer and Prof. Tony Ward 
repectively. 
 
The conference proceedings consist of 45 papers from 21 countries organized into 5 thematic 
sections and two workshops. The papers cover the following areas: Engineering education 
and internationalization, Innovation in pedagogical way of teaching, Application of ICTs in 
Education, European Curricula in Electrical and Information Engineering and Virtual 
Learning Environments in Electrical and Information Engineering. 
 
Each paper of the proceedings was accepted after a careful review and the papers 
subsequently were revised and developed, taking into account the comments of the reviewers. 
 
We commend the authors for their hard work and for sharing their results and the 
International Program Committee as well as the organizers for producing an excellent 
program. 
 
We would like to thank Ioannis Kyriakidis and Ioannis Deligiannis, both TEI of Crete 
graduates, for helping with the formatting of the papers and the preparation of this 
publication. 
 
 
 
 
 
 
 
 
Professor Giorgos M. Papadourakis, Ph.D. 
Conference Chair, EAEEIE 2013 
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Making partnership with a leading company
to teach Information Technology systems

Michel FACERIAS

National coordinator AASTRA departments “Networks and Telecommunications”
Department Networks and Telecom

Beziers Institute of Technology
University of MONTPELLIER II

Place du 14 juillet, F-34500, BEZIERS
{michel.facerias@iutbeziers.fr}

Denis GENON-CATALOT

IUT “Networks and Telecommunications” departments national board director
Department Networks and Telecom

Valence Institute of Technology
LCIS, Université Grenoble Alpes

50 rue Barthelemy de Laffemas, F-26901, VALENCE
{denis.genon@iut-valence.fr}

Abstract— Once upon a time, in a French technical institute,
some people wanted to improve their way of teaching Informa-
tion Technology systems.

The main difficulty was knowing how to act with current
materials and technologies. Because of the prohibitive costs of
modern devices, it would be necessary to build a partnership
with an industrial leader.

Starting in January 2009, we made an appointment with
Aastra France.

Aastra is a major company acting especially in unified
communications.

Aastra is a leading company at the forefront of the enterprise
communication market around the world. Aastra develops and
delivers innovative communication products and applications
for businesses.

The choice of Aastra takes its origin in the 2005 Matra/EADS
takeover. Matra/EADS was a french leader in digital telephony
solutions and a long time ago, I was acting as an IT manager
in a local administration, using Matra products.

I will describe how we built this partnership, how we trained
our team of teachers, and how we are going to massively certify
them first, and how we are going to continue student training
with Astra certifications.

INTRODUCTION

The French IUT 1 are public schools created in 1966
to offer short technical curricula in two years within the
universities called DUT 2. Now 24 professional specialties
are offered in 113 IUT, including French overseas territories.
From the Electrical Engineering career specialty, the R&T 3

technician’s career emerged in 1991 to align the growing
demand of IT 4 professionals.

1. IUT means Institut Universitaire de Technologie, i.e. technological
university institutes.

2. DUT means Diplôme Universitaire de Technologie, i.e. technological
university diploma.

3. R&T means Réseau et Télécommunication, i.e.networks and telecom-
munications.

4. i.e. Information Technology, and from now we will write IT.

Now over 2,000 students per year follow these curricula
in 29 departments in the French country, with two localized
overseas in French Guiana and Reunion island (see figure 1).

The aim is to train graduates students in networking
technologies (Internet, Voice over IP, Video over IP, fixed and
mobile telephony, 2G, 3G, 4G ...) and computer sciences.

Since 2001 within the framework of the Bologna pro-
cess the French diplomas are engaged in Bachelor-Master-
Doctorate degrees (BMD) defines at European level.

Fig. 1. R&T departement map

The DUT students, and other from equivalent formations
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delivering 120 ECTS, can access to final bachelor’s level
with an additional year following one of our four R&T
professional option :

– Administration et Sécurité des Réseaux 5 ;
– Réseau Sans Fils et Sécurité 6 ;
– Intégration des Systèmes Voix et Données 7 ;
– Chargé d’Affaire Réseau et Télécom 8.
DUT and professional bachelor’s diplomas in the R&T

departments can be obtain in four different ways :
– The initial training is the classical one where student

is facing to teachers along the semesters (mandatory
internship from 10 up 16 weeks is required to validate
the diploma) ;

– Part-time training, where each student has an employ-
ee’s status because he alternates periods of teaching at
the IUT with in-company (only 35 to 45% per year
located at the training center) ;

– The long life learning (LLL), allowing a resumption of
studies during or after a professional activity period.
Training is offered in evening classes or within part-
time to allow people to continue their work ;

– Validation of the assets and professional experience,
recognizing the professional skills acquired during his
career to obtain the diploma.

I. HOW TO INTEGRATE A MORE CONVENIENT AND
ATTRACTIVE VISION TO OUR TELECOM COURSES ?

A. The DUT syllabus

Our DUT degree is built around three main subjects :
– Telecommunications ;
– Computer sciences ;
– Networking.
Added, mainly for historical reasons, is electronic signal

conditioning. It does not lead directly to marketable skills
in the professional workplace. But its teaching should grad-
ually disappear as such to be integrated with telecom when
necessary.

But in our degree, Telecom suffers from a lack of student
appeal to. Because of the electronics origins, the approach
is too theoretical, and puts too much emplosis on signal
conditionning and on mathematics. It is too distant from
teaching methods used in networking and computing, which
essentially uses a practical and applied approach.

B. The purpose

It therefore seemed necessary to :
– Give greater attractiveness to the telecom field by mak-

ing it more convenient, bringing it to the cultural sphere
of the students ;

– Make Telecom competence directly usable in the pro-
fessional workplace and if possible attach a certification
to our curriculum.

In other words, it is time to cut the umbilical cord.

5. i.e. Administration and network security.
6. i.e. Wireless networks and security.
7. i.e. Voice and data convergence, united communication.
8. i.e. Networks and telecommunications business.

II. THE WAY TO REJUVENATE AND PROFESSIONALIZE
TELECOM TEACHING

A major thrust to modernize telecom, and make it more
convenient, is to ride the wave of XoIP 9. This will ultimately
bring this subject closer to the two others through the new
trend of unified communications.

The first step proves to be the teaching of business tele-
phony systems, which through the evolution to IP telephony,
is the Trojan horse of this new section of our business.

Our willingness to rejuvenate our teaching methods has
faced two major constraints :

– Equip our laboratories with real hardware ;
– Re-train our teachers.

A. Choosing a product

To obtain directly usable professionnal skills, we dont just
need to simply to provide students with training in recent
products, currently deployed in ”real life”.

Therefore, the choice of the product will be essential. It
must aggregate both past, present and future technological
innovative ways, i.e. the analog phone, digital, integrated
services (ISDN 10, and of course ToIP 11.

But, there are now, in the majority of system manufactur-
ers, certification programmes :

– Cisco CCNA ;
– HP ExpertONE ;
– Microsoft MCSE ;
– Juniper JNCP ;
– ...

So the product we choose must also provide manufacturer
certification.

B. Reforming and/or retraining our teachers

This title as a play on words, is given to you as it is 12.
Beyond this little joke lies a powerful reality.

Faced with undergoing deep change in our businesses
through an evolving public, but mainly in the world of CS
and IT 13 throughout the rate of technological change, we
saw two types of behavior.

Old electronic techies, like myself, follow as much as they
can technological developments, when others prefer to adopt
the ostrich policy and argue that only the theoretical vision 14

is preponderant. In their opinion, the applied learning is not
suitable in academic ideal.

We can interpret this in different ways, but our commit-
ment has been to see it as a fear of change and a supposed
inability to overcome it.

9. XoIP means everything over IP, i.e. put all over IP network layer.
10. ISDN means Integrated Services Digital Network called RNIS

in France, i.e. Réseau Numérique à Intégration de Service sold as
NumérisTM by France Telecom - Orange.

11. ToIP means Telephony over IP.
12. In French, reform is réformer and retrain is reformer. Errare hu-

manum est, but sometime, it is difficult to silence the clown sleeps in me.
Meditate ;-)

13. i.e. computer sciences and information technology.
14. Signal processing oriented.

4



We shown that all of them have the ability to reforme and
thus to retrain 15.

III. ABOUT AASTRA

Aastra is the world leader in the enterprise communication
market. It develops and delivers innovative communication
products and applications for businesses. Aastra’s operations
are truly global with more than 50 million installed lines
around the world and a direct and indirect presence in more
than 100 countries.

Aastra is entirely dedicated to enterprise communication
and offers one of the most complete portfolios (see figure
2) of unified communications solutions from feature-rich
call managers for small and medium businesses and highly
scalable ones for large enterprises.

Fig. 2. Aastra portfolios

Founded in 1983 and based in Ontario (Canada), Aastra
has grown organically and by acquisitions to become a lead-
ing company in the enterprise communications market. Our
choice of Aastra takes his origin in the 2005 Matra/EADS
takeover.

A. The inheritage of Matra Communication in Aastra solu-
tions

First fast packet switch based entirely on X25 16,
CARTAGE 17 was designed by the CNET 18 in the 1970s,
without even knowing what use could be make of it.

Providing an advanced solution for virtual circuit switch-
ing, it was used for the first test implementation of ATM 19,
through the PRELUDE model, implemented by the CNET
in the late ’80s, replacing the X25 loops whith ATM links.

15. Bis repetita placent, That’s twice, but in english the second time
around it’s not funny ! Nevertheless, perseverare diabolicum. I’m bad : I
apologize ;-)

16. X25 is knowed as the most used frame relay technology.
17. Commutateur à Accès Répartis pour Terminaux Hétérogènes, i.e.

distributed access switch for heterogeneous terminals.
18. Centre National d’Etude des Télécommunication, i.e. the research and

developpement laboratory of the French national historic operator, France
Telecom.

19. Asynchronus Transfert Mode, the fast integrated services digital
network.

Matra Communication 20 6500 series derivate from
CARTAGE, through the opportunity to use it for telephony.
Closer to us, the A5000 Aastra solutions are the latest
evolution.

They kept the same flexibility and the same ergonomics
making a product that satisfies both the old and the modern.
So that’s why we initially chose this product.

B. The choice in open standards

Aastra has a demonstrated commitment to developing
solutions based on open standards which do not restrict
the customer to a closed architecture or vendor lock-in.
With open standards, customers can more easily integrate
components to build a best-of-breed communication solution,
or they are able to develop their own uniquely customized
solution.

Aastra was among the first seller to launch systems sup-
porting SIP (Session Initiation Protocol) which has become
the de-facto standard for IP network access, converged multi-
media applications and low-cost IP endpoint devices. Aastra
supports SIP across all of their product lines including :

– Pure SIP PBX solutions ;
– Hybrid PBX solutions which make it possible to add

extensions or replace existing phones with cost-effective
SIP phones from Aastra or third parties ;

– SIP Trunking to allow companies to reduce telephony
costs and better manage their SIP voice and application
trunks ;

– comprehensive suite of SIP terminals, including SIP
DECT solutions ;

– SIP-based applications such as multimedia contact cen-
ters and video conferencing solutions, which can be
connected to any SIP compliant telephony system from
Aastra or other vendors.

In addition to SIP, Aastra’s solutions provide enterprises
with open standard interfaces to integrate other telephony
and back office solutions, including :

– XML ;
– CSTA ;
– SOA/Web services.

C. Our initial choice

The product range meets two configuration types :
– for independent and stand-alone capable of adapting to

all site sizes and architectures, the AXS, AXL and AXD
configurations are used as all-in-one communication
servers.

– for networking and centralisation, IP call processing is
centralised on the Aastra X Series server, whereas AXS,
AXL or AXD serve as media gateways and local backup
in case of a network failure.

We made the choice of AXS12 gateway (see figure 3) that
brings us the necessary flexibility :

20. Matra Communication was a French leader in solutions for digital
telephony from the ’70 to 2005 otherwise known as Matra Nortel and finally
as EADS Telecom.

5



Fig. 3. An AXS12 gateway.

– Introduce the POTS 21 ;
– Teach digital and ISDN-oriented telephony ;
– Open to IP telephony (ToIP) and unified communica-

tions.
This solution also allows us, for our professional bach-

elor’s degree, access to a multi-site architecture through
AXS12 gateway and server-based A5000 solution coupling.

IV. GENESIS OF A PARTNERSHIP

We start our professional bachelor’s degree, in Béziers
R&T departement, in May 2008. We wanted to equip a
room with modern telephony hardware. We quickly sided
with Aastra products. By contacting several dealers in the
area, the A5000-AXS12 solutions quickly emerged as the
most valuable choice for pedalogical trainning.

A. Beziers educational prototype

We bought eight complete sets equipped as follows :
– 1 AXS12 gateway ;
– 1 IP phone.

We did not buy at that time dedicated digital telephones.
Indeed, many partners have provided us with refurbished
models from various versions, but all were able to work with
our gateways.

The laboratory was completed with an operator network
simulator from Patapsco 22.

All of these purchases totaled approximately e15,000
slightly less than e2,000 per platform. The cost of the
simulator added e1,500 to this total.

B. Founding collaboration whith Aastra France

After climbing the organization chart of Aastra, we were
quickly able to obtain an important contact whith the Com-
mercial Director for France, who came to present Aastra
at MIRT 23 meeting, organized by the R&T community
apart from November 2008 IDATE DigiWorld Summit 24 in
Montpellier.

At that time, we agreed to explore the establishment of
a national partnership between the Aastra company and our

21. POTS means Plain Old Telephone Service, i.e. canonical analog
telephony.

22. We choose Liberator S, that provided us a solution to emulate an
ISDN operator network. This device performs 12 ISDN BRI ports, that can
be used as an alone acces or can be grouped together.

23. MIRT, i.e. Multimedia Internet Network and Telecom.
24. Over the years, by IDATE DigiWorld Institute has become one of

Europe’s foremost centers of market analysis and debate, specialised in the
telecommunications, internet and media industry markets. http://www.
idate.org/en/Forum/Digiworld-Summit_39_.html

departments through the ACD 25 and Michel FACERIAS was
promoted national coordinator for this action.

Then, a group of 15 R&T people met with the executives
of the Aastra company, at the Guyancourt headquarters, at
the end of January 2009.

We presented our training and emphasized the capacity to
graduate about 2,000 students per year.

In view of the number of students who graduate every year,
there is an interest for Aastra to be present in the training
cycle.

C. Equipment sales

The price is ”pulled” at the fair. It does not include the
provision of commissioning. It is a simple sale (delivery).
Installation will be donne by the teaching staff or a local
Aastra partner, but this aspect is not included in the offer.

The basic package includes an AXS12 gateway, equipped
as follows, all for e1,896 26, for a retail price of e4000 :

– Interfaces :
– 2 T0 + 2T0/S0 (ISDN BRI) ;
– 12 analog phone ports ;
– 4 digital phone ports ;
– 8 simultaneous SIPtoTDM converters 27 ;

– Voice Mail ;
– Computer Telephony Integration (CTI) ;
– Phones :

– custom digital 6757 ;
– custom ToIP 5380IP ;
– generic ToIP (SIP) 6757i ;

– 100 SIP/IP phone licenses
– 2 SIP trunk licenses.
This package can be completed with a A5000 CallServer

including 100 SIP/IP licenses, without of course the server
hardware, for e800 28. Then we could use it at the
ISVD 29bachelor’s degree (see figure 4).

The software updates are included in the offer, without
time limit, as long as the product does not become End Of
Life.

D. Purchase campaign

The purchase campaign began in spring 2009 and contin-
ues today.

Of the 29 teaching departments, geographicaly distributed
in metropolitan France and overseas 30, 17 owned one or
more AXS12 gateways, with a total 118 31 kits, i.e. about 7
per equipped institute. 5 institutes are also fitted with A5000
CallServer.

25. Assemblée des Chefs de Département, i.e. heads of departments
association.

26. VAT included.
27. wich acts as gateway from traditional telephony to ToIP.
28. VAT included.
29. ISVD a.k.a. Intégration des Systèmes Voix et Donnée, i.e. IP conver-

gents systems and united communications
30. See http://www.iut-rt.net
31. From our last rescencement, made in July 2012 for migration to

version 5.4 .
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Fig. 4. DUT and bachelor’s uses

The equipment levels are very good and expected to
increase further this year 32.

V. TEACHERS TRAINING

Before you can train students, it is necessary to train
teachers. We have implemented LLL training solutions for
university staff. In addition, the course materials will be made
available for us to self-train and prepare our educational
activities.

Aastra proposes to implement a pyramidal structure :
– We certify, on each new software release, a team of first

level teachers, through training provided by Aastra ;
– Then first level teachers train all teachers of the com-

munity ;
– The students trained by the communauty teachers can

access the final tests of the Aastra ACVS program and
obtain their certification.

A. Training methods

Two training solutions are proposed :
– Embed teachers in existing training :

– The breakeven point of this training allows the pos-
sibility of embedding 1 to 3 teachers per session ;

– There remains the mission costs at our expense ;
– Develop specific training :

– The cost would be shared between the participants ;
– It could be more cross training, tailored to our needs.

It is proposed to proceed in two stages, first by integrating
with existing training and a second time by consolidating
specific training that could be done in one of our institute.

B. Beziers summit - June 2012

During our annual summer general assembly, that was in
Beziers last year, we set up a one-day training with ambitious
aims :

– Be able to activate an AXS12 PABX/IPBX 33 and some
phones (analogue and custom digital ones) ;

32. The generic version updates are held once a year, in early summer.
33. An IPBX, i.e. an Internet Protocol PABX (Pprivate Automatic Branch

eXchange) with ToIP and IT capacities.

– Deploy a network architecture that can effectively sup-
port the ToIP ;

– Use this architecture to connect ToIP customers to the
system.

Achieving the first target did not cause special diffculties.
All participants were able to achieve and could place calls
after forty minutes, using one of eight Béziers labs (see figure
5).

The second objective was to be a real educational chal-
lenge for me. It needed to convey several concepts to
trainees :

– What is a network architecture for IP telephony, based
on L3 switches ;

– Howto make network segmentation using VLAN 34 ;
– Howto establish inter-VLAN IP routing using the switch

embedded virtual router ;
– How to automatically recognize IP phones to allow

connection to the right VLAN ;
– How to self-supply IP phones using POE 35 ;
– How to administrate the IPBX/PABX from another IP

network through inter-VLAN routing 36 ;
– How to support hybrid customers attached from the data

oriented VLAN.

Fig. 5. ISVD bachelor’s laboratories, at right AXS-12

Again, the implementation of this goal was not very hard.
The concepts were quickly explained with the help of the
diagram below, the main difficulty was the configuration of
Layer 3 HP A5120 switches.

It was made by giving pre-configured device and sample
configuration file so that trainees could take rapid responsi-
bility for their model.

The Third goal was also achieved. Only problems specif-
ically related to the phones autoconfiguration slowed the

34. VLAN is Virtual LAN, based on IEEE 802.q protocol.
35. POE is phantom Power Over Ethernet, based on IEEE 802.3af

specification.
36. Giving trainees basics on IP routing table.
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job. They were settled as and when they arose. In fact,
we validated through these incidents a fourth goal, that was
not initially planned : The phone autoprovisioning from the
IPBX/PABX via the pair of services DHCP/BOOTP 37.

This day was a great success. The ”olds electronics” which
agreed to participate, as I enjoy naming them, and that
agreed to expose themselves to the unknown, proved their
real capacity to adapt. The surprise for them was twofold :

– They glimpsed the logic of these complex systems ;
– They understood that this practical approach, if not

provided just as press the button was structuring the
mind and therefore consistent with the university ideal.

C. Beziers special summer course - September 2012

Building on this success, we repeated the experience
in implementing a five day intensive training to see how
teachers could use a part of TEL-R54 38 and TMA-R54 39

Aastra courses from the ACVS Certification 40 and integrate
them into their pedagogy to prepare their students for a
possible certification.

This program set up with the assistance of an Aastra
trainer, allowed us to certify 10 candidates out of 11 in-
structors.

Again, this relative success allowed us to demonstrate that
our teachers have the knowledge base necessary to satisfy the
examiners and even with the accelerated training (5 days vs
13).

D. Access to support

Aastra recognizing us as business partners, we have access
to their support, through a common Aastra extranet creden-
tial. As this intranet does not have a Q&A forum, we use
our own sharing tool.

Access to three hot line tickets is included in the basic
package. The principle of access is as follows :

– send an email describing the problem ;
– a technician will respond and offer :

– a reminder by phone ;
– a solution directly transmited by email.

An unlimited access to the hot line is possible for a few
people who are members of national coordinators team.

CONCLUSION

Forming this partnership, has been and continues to be
an every day adventure. I am now assisted by two other
members of our community but work remains long and
arduous.

The implementation speed of an academic institution is
not the same as that of the telecoms market. It takes a lot of
patience and perseverance.

However, this has been an exciting and rich experience.
The main interest is to allow our students to be able to add

to their academic qualifications this capability to certificate

37. This two services are normaly used for autoconf, mainly fordiskless
computers. They are re-used for most ToIP hardphones.

38. Basic telephony, normally 10 days long.
39. Deployment and administration : SIP and IP, normally 3 days long.
40. ACVS means Aastra Certified Voice Specialist.

whith a manufacturer. This gives them a qualification beyond
the national scope of their diploma.

Thus, spilling over the job market whith certified students,
we are strengthening our partnership those manufacturers.

This idea is found behind the program Grand Coalition
for Digital Jobs of Helwett Packard in which we are also
committed.

There is therefore a double interest for us to move in this
direction.

That is why we continue to build relationships with other
leading manufacturers in the field :

– Hewlett Packard, for Ethernet switches ;
– Samsung, for connected TV and smartphones ;
– Dell, for computer, servers and data storage ;
– ...
But that’s another story !
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Abstract— French Charter “University/Handicap” clearly 
states the role of training institutions in the inclusion in our 
society of people with disabilities. This role is emphasized 
through the legal obligation to welcome and support these 
students in French universities. We need to open our courses to 
more students with disabilities. To do that, reception and support 
services are available in our universities and work has begun 
which aims to improve the accessibility of facilities for disabled 
people. Teaching and workstations in practical labs must also be 
adapted so as to make them accessible to students with 
disabilities. Experiences locally exist but sharing this knowledge 
and these experiences is needed. Work is already underway in 
this direction but a census of training courses "accessible" is also 
necessary. This article discusses the considerations needed for 
this census. It first defines the criteria of course accessibility. 
Local experiences and national and a European project census of 
training courses available of the EIE are then presented. 

Keywords: Students with disabilities, accessible courses, sharing 
of experiences, learning improvement, European mobility 

I.  INTRODUCTION  
According to the law of 11 February 2005 on equal rights 

and opportunities, participation and citizenship of disabled 
persons (Article 20) "the facilities necessary to the 
organization and support of research facilities for students 
with disabilities or with a health disorder are assigned to 
higher education institutions as well as other students". To 
meet this objective, a first charter was signed by the 
Universities [1].  This charter was completed on 5 September 
2011 [2]. Thanks to it, further study was supported in 
university courses. New doctoral contracts, dedicated to 
disabled students, on departmental funding encourage them to 
continue their studies [1] [3]. 
The new charter was signed in 2012 will focus on the 
following priorities: 

 Consolidation of host devices and support of disabled 
students throughout the university curriculum and to 
employability; 

 Development of human resources policies for persons 
with disabilities; 

 Increase of the consistency and clarity of training and 
research in the field of disability; 

 Development of accessibility of services offered by 
the institutions. 

French Charter “University/Handicap” makes clearer the 
critical role of training institutions in the inclusion of people 
with disabilities in our society. This role is emphasized 
through the legal obligation to welcome and support these 
students in our universities. 

We need to open more training courses for our students 
with disabilities. To do that, support services exist in French 
universities and work has begun which aims to improve the 
accessibility of facilities for disabled persons. We must also 
adapt teachings and workstations for practical work to make 
them accessible to disabled students. The term disability 
includes mobility impairments, total or partial blindness, 
hearing impairment, mental disorders, dyslexia, dyspraxia, but 
also diseases for long periods. 

Experiences locally exist but sharing this knowledge and 
these experiences is needed. Work is already underway in this 
direction, but an inventory of training courses "accessible to" 
is also necessary. 

This article discusses the considerations necessary for the 
census of accessible curricula by first defining any 
accessibility training criteria. In a second step, a local and 
national experience will be detailed. A European project 
Census of training courses available in the EIE will be 
presented. 

II. CRITERIA FOR ACCESS TO TRAINING COURSES 
FOR STUDENTS WITH DISABILITIES 

Training can be defined as accessible if it meets the 
following conditions:  

 Physical accessibility of facilities,  
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 presence of a dedicated reception service,  

 support for disabled students and teaching 
adapted. 

A. Accessibility to building and classroom 

Physical accessibility is a legal obligation that is currently 
being carried out in all higher education institutions. 
Unfortunately some buildings are not yet available. Besides 
access to mobility impairments who must avoid the presence 
of steps, or too narrow doors, accessibility must also meet the 
standards for the blind, the deaf and sensory and psychological 
impairments. We must have recourse to the installation of 
rough strips guide, to Braille displays or adapted to visually 
impaired. The introduction of magnetic loops in the 
amphitheatres, the limitation of resonances for the deaf as well 
as the installation  of displays and directional signs suitable for 
some disorientation impairments are also needed. 

B. Dedicated support service 

The presence of a dedicated service is enshrined in the 
"Universities/Disability" Charter renewed in 2012. This 
service manages the reception and the support of disabled 
students in an institution and not in a single training 
curriculum allowing pooling and optimization service. These 
services are often structured around a manager and one or 
more people dedicated to the support of disabled students. 
They are the daily contacts of students with disabilities, 
teaching and administration teams. It is called "Multiple 
team". The manager, meanwhile, is responsible for relations 
with the management of the establishment and the animation 
of projects. He is responsible for the communication in order 
to raise awareness and relationship with the companies. 

The role of these services is to work for the inclusion of 
disabled students in programmes. For that they have to 
accommodate, accompany, perform operations for disability 
awareness, participate in employability (training) and 
participate in the accessibility expertise. It also deals with the 
need assessment, information, guidance, and advice. The 
support includes the development of curricula and access to 
education, as well as the development of examination papers. 

The proposed framework for the student offers him 
support his schooling with different opportunities. It passes 
through education time enlarging: for example a two-year-
course DUT (“Diplôme Universitaire de Technologie”) can be 
made in 3 or even 4 years. It also permits to have individual 
training courses to compensate their difficulties. Lastly, some 
technical arrangements can be organised for students with 
disabilities, like extension time for tests or provision of a 
personal secretary. 

The aim is to enable students to follow the same teaching 
courses as his classmates and to be assessed in the same way.  

C. Organization of training courses 

We must open the training to students with disabilities. For 
this, work is already underway which aims to improve the 
accessibility of facilities for disabled persons. We must also 

adapt the teachings and workstations for practical work to 
make them accessible to disabled students. 

 
 
1) Accessibility of workstations 
On this particular point higher education institutions have 

a role in providing information to enterprises in order to show 
the usefulness of ICT (Information and Communication 
Technologies) in the development of workstations and thus 
remove the preconceptions of potential employers. This 
essential work must be done for any type of disability. In 
particular for motor disabilities, it is even indispensable. 

The employments related to training of the EIE (Electrical 
and Information Engineering) for example use more and more 
tools that permit the design of Human-Machine interfaces. The 
complex physical actions necessary are so significantly 
reduced. These make the practical works and laboratories 
accessible to people with disabilities. 

 
2) Accessibility of the courses 
The accessibility to courses goes beyond the accessibility 

of the classroom or the room for practice works for example. 
It consists to adapt the educational approach to the various 
constraints related to the disability. This requires knowledge 
and use of appropriate tools such as jaws or ClaroRead 
software [4] [5]. This also supposes the production of 
textbooks, and other educational material adapted to the 
special needs. This is mostly made through awareness and 
involvement of the teaching staff. 

 

III. LOCAL AND NATIONAL EXPERIENCES 
PHASE [6] is a service dedicated to the host and support 

for students with disabilities at the University of Bordeaux 1 
in collaboration with teachers from IUT (University Institute 
of Technologies) Bordeaux 1' departments. A study was 
initiated in PHASE to enable students with disabilities to have 
the opportunity to perform the same practical work and follow 
the same lessons as their classmates [7] [8]. It requires an 
adaptation of the workplace and of practical training 
workbenches, to the student. 

We started to build a base of information that will make 
easier the application of our approach in other universities. 
The sharing of knowledge will be enriched by experiences 
throughout France. This type of sharing does not exist at 
present. In addition, communication about these activities will 
allow employers to discover practical applications of setting 
accessible a workstation. The knowledge and contacts that 
have been established during the creation of the network of 
actors will be made available for teaching courses. In addition 
to improving learning methods, the proposed tools will answer 
the questions of teachers by offering a network of contacts and 
knowledge base. 

Among other things, this knowledge basis will ultimately 
include: 

 studies of open source software used to adapt our 
teaching with Human Machine Interfaces, 
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 comparative studies of the price of some equipment: 
interface cards, mouse devices, splints, 

 workbenches suitable for practical works (TP): 
facilities to access measuring points, switching of 
components, probes adapted to learning experiences 

 information about agencies that can help to finance 
the purchase of the equipment: AGEFIPH [9] in the 
private  workplaces, DDTEFP FIPHFP for the public 
sector [10] . 

 
A website presenting this project is under construction but 

is already online [11]. The database will be enriched by 
experiences, and communication operations for teachers and 
companies will be conducted in the form of information 
seminars. 

 
Local and national collaborations have been established to 

identify skills in adapting lessons for students with disabilities. 
It is essential to combine these intentions and these skills to 
share and broadcast our work on a large scale. 

We have proposed the creation of a national working 
group on this topic. An announcement was made in this 
direction during the congress of disabled student services in 
Lyon in March 2011. The first objective is to identify the 
entities that work in this area in the French Universities. The 
mission of this group is to share the experiences as well as the 
good and bad practices. This group will also initiate actions 
prioritized and enable the deployment of national solutions 
useful for students with a disability. A first meeting in the 
framework of the national working group was organized June 
28, 2011 in Bordeaux. 

During the congress of disabled student services in Nice in 
March 2013, a roundtable discussion was also organised about 
the adaptation of teaching documents. 

Internet is now a major access to knowledge. In 2009, a 
European survey has highlighted a real concern for 
accessibility to the information content on the Internet for 
people in situations of disability: less than 10% of measured 
websites meet international accessibility standards. A project 
was started in the University of Bordeaux 1 to improve Web 
accessibility for people with Disabilities. This AtaccWeb 
(Transversal Approach to Web Accessibility) project is to 
develop an educational site on the web accessibility. However, 
many obstacles exist for applying these international 
accessibility standards for the construction of a website. A 
series of interviews with web professionals (webmasters, 
trainers, etc.) revealed many obstacles and stereotypical view 
of the concept of accessibility. A first prototype site was 
developed [12] to educate and train future developers or 
engineering specialists in web design and web accessibility. It 
aims to tackle the issues and to remove the stereotypes. 
Through this project, we wish to finalize and operationalize 
our tool through four steps: 

1. Capitalize and organize existing knowledge on the 
concept of accessibility, 

2. Develop scenarios of use in the form of videos, 

3. Implement user testing with web professionals 
(designer, trainer, etc.). 

4. Develop a national survey of current practices of web 
accessibility among professionals. 

 

IV. AT EUROPEAN SCALE: SALEIE PROJECT  
In parallel with the French project, a European consortium 

formed from the organization EAEEIE [13] launched a project 
on a nearby theme. SALEIE, led by Tony Ward of the 
University of York, is an ERASMUS thematic network 
program for education and training throughout the life of the 
European Commission [14]. It just started in October 2012. 

This project aims firstly to explore the ways in which 
higher education in Europe in the fields of the EIE institutions 
can meet the following challenges: 

1. "New Skills for New Jobs": Ensure that graduates are 
properly trained so that Europe can meet the 
technical challenges of today's global green energy 
and environmental sustainability, communication and 
IT, health and modern manufacturing systems. This 
applies to both initial training and continuing 
education. 

2. Ensure that the description of program content is 
clear enough to be understood by students, 
companies or recent graduates, but also by 
accreditation bodies to allow international mobility. 

3. Ensure that all students, especially students with 
disabilities have equal opportunities to education and 
are properly supported. The problems of dyslexia and 
dyspraxia, visual and hearing impairment, and mental 
disabilities such as Asperger syndrome, autism, 
depression, anxiety, for example, will be taken into 
account. 

Based on an inventory to be established through surveys of 
European institutions, this project aims to develop a guide to 
good conduct common for disabled students. He also wants to 
facilitate mobility at European level, either during initial 
training or through continuous education. 

V. CONCLUSION 
We need to open more training for students with 

disabilities. For that, support services exist in the universities 
and higher education institutions. Work has begun which aims 
to improve the accessibility of facilities for disabled persons. 

We must also adapt our teachings and workstations for 
practical work to make them accessible to the disabled 
students. Finally, we must facilitate the mobility of disabled 
students at European level. 

The inventory of available training is not intended for 
stigma of institutions which would not be accessible. It must 
also not lead to the identification of curricula with facilities to 
which all students with disabilities would be referred. This 
overview is intended to highlight good practices and to 
generalize them to all institutions and all sectors. 

By the involvement of the EIE skills in the development of 
tools and practices for accessibility, branches of EIE must 
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have a leading role in this census work. It is to this end that is 
born SALEIE project. We will present our local and national 
actions and we will detail the project SALEIE at the EAEEIE 
conference. 
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Abstract— An interdisciplinary program on military avionics 

was recently offered by a leading Israeli high school. The 

curriculum combines physics with electrical engineering and 

focuses on aviation weapon systems, such as heat-seeking missiles 

and laser-guided weapons. The program is designed to show the 

use of physics and electrical engineering in aviation and to 

enhance students' interest in these fields. The program was 

attended by twenty 12th grade students majoring in mathematics 

and physics. The study presented in the paper characterized the 

students' attitudes towards the program. Data were collected by 

questionnaires, observations and semi-structured interviews. The 

research found that the students exhibited great interest towards 

the program. Additionally, they believed that the integration of 

physics and electrical engineering is natural and leads to a 

deeper understanding of physics. 

 

Keywords— Avionics, interdisciplinary education, engineering 

education, physics education, students' attitudes 

I. INTRODUCTION 

An interdisciplinary program on military avionics was 

recently offered by a leading Israeli high school that is 

affiliated with the Israeli Air Force. The 10-hour curriculum 

integrates physics with electrical engineering and focuses on 

aviation weapon systems. The program is designed to show 

the use of physics and electrical engineering in aviation and to 

enhance students' interest in these fields. The importance of 

the program is reinforced by the current shortage of engineers 

[1] and the efforts made to attract high-school graduates to 

these areas [2]-[4].  

The program begins with an introductory session on 

electromagnetic waves and the electromagnetic spectrum. In 

the second phase, the students study the physics of lasers and 

the structure and principle of operation of laser-guided 

weapons. The final phase addresses black-body radiation, 

heat-seeking missiles and countermeasures. The program was 

attended by twenty 12
th

 grade students majoring in 

mathematics and physics. The study presented in the paper 

characterized the students' attitudes towards the program.  

II.  THEORETICAL BACKGROUND 

Interdisciplinarity is the cooperation between experts from 

different disciplines in order to create interaction between the 

disciplines or reorganize concepts and methodologies taken 

from the said disciplines [5]. Interdisciplinarity differs from 

multidisciplinarity, which is defined as the presentation of 

several disciplines without attempting to integrate them [6]. 

Ivanitskaya et al. [7] propose a four-stage interdisciplinary 

learning model: 

 Unidisciplinarity, in which the student focuses on 

one relevant discipline;  

 Multidisciplinarity, in which the student focuses on 

several disciplines and addresses each one of them 

separately;  

 Limited interdisciplinarity, in which the student 

integrates several disciplines around a central topic; 

 Extended interdisciplinarity, in which the student is 

able to transfer the interdisciplinary knowledge 

structure to new subjects. 

According to literature, high-school study programs that 

combine engineering with science led to an improvement in 

students' attitudes toward science and engineering [8]-[9]. It 

should be noted, however, that teachers who teach 

interdisciplinary subjects should balance the interdisciplinary 

and the disciplinary components in order to avoid a shallow 

treatment of the disciplinary content [10]. 

III.   THE PROGRAM 

The program begins with an introductory session that 

includes a review of mechanical waves and electric and 

magnetic fields, topics that were already studied in physics 

class in the past. Next, the topic of electromagnetic waves is 

taught and the electromagnetic spectrum is described. The 

second session, which deals with laser-based weapon systems, 

addresses the physics of lasers (properties and principle of 

operation), radiation detectors, and aviation-engineering 

applications, such as laser-guided weapons. The final session 

focuses on thermal weapon systems. After exploring the 

physics of black body radiation, engineering methods for 

cooling detectors are reviewed, addressing the concept of the 

"signal-to-noise ratio". Finally, the structure and principle of 

operation of the various generations of heat-seeking missiles 

are described. It should be noted that during all sessions, 

emphasis is placed on the affinity between physics and 

avionics.  

The program can be classified as a limited interdisciplinary 

program. In light of the challenges involved in developing 

interdisciplinary curricula, a major effort was made to achieve 

a balance between the disciplinary and the interdisciplinary 

components, as illustrated in Table 1.  
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TABLE I 
CURRICULUM OF THE PROGRAM "INTRODUCTION TO MILITARY AVIONICS" 

Session Subject Description 

1 Introduction 

 Mechanical waves (review): 

wave, amplitude, wavelength, 

period, frequency, propagation 

velocity* 

 Fields (review): electric fields 

and magnetic fields* 

 Electromagnetic waves* 

 The electromagnetic spectrum* 

2 

Laser-based 

weapon 

systems 

 Properties of lasers: 

directionality, 

monochromaticity, coherence* 

 Light-matter interactions: 

atomic energy levels, 

absorption, spontaneous 

emission, stimulated emission* 

 Laser structure and principle of 

operation: pumping, population 

inversion, resonators, 

continuous-wave and pulsed 

lasers* 

 Radiation detectors** 

 Laser-guided weapons: 

structure and principle of 

operation, laser designators, 

countermeasures*** 

3 

Thermal 

weapon 

systems 

 Black body radiation: ideal 

radiator, radiation laws* 

 Signal-to-noise ratio** 

 Methods for cooling radiation 

detectors*** 

 Heat-seeking missiles: structure 

and principle of operation, 

generations of heat-seeking 

missiles, countermeasures*** 
 

*
 Disciplinary component (physics) 

**
 Disciplinary component (electrical engineering) 

***
 Interdisciplinary component 

IV.   RESEARCH GOAL AND METHODOLOGY 

The research goal was to characterize students' attitudes 

towards the interdisciplinary program "Introduction to 

Military Avionics". 

The study population included twenty 12
th

 grade students 

from a leading Israeli high school that is affiliated with the 

Israeli Air Forced. It is important to note that the students had 

not been exposed to interdisciplinary teaching prior to their 

participation in this program. Since the research focused on 

characterizing students' attitudes, the constructivist-qualitative 

methodology was selected. 

The students were requested to complete an open 

questionnaire both at the beginning and at the end of the 

program. Additionally, five semi-structured interviews were 

held with students both at the beginning of the program and its 

end. The questionnaires and interviews focused on students' 

attitudes towards the program. Finally, classroom observations 

were made throughout all sessions of the program. The tri-

component attitude model (ABC model) served as a 

theoretical framework for the qualitative analysis. 

V.  FINDINGS 

A. Affective Component 

In response to the question "Why are you participating in 

the program?" asked on the preliminary questionnaire 

students were requested to fill out at the beginning of the first 

session, most students (65%) wrote that they were 

participating because they had no other choice. They said: 

"We were made to volunteer," "I was forced to do it," 

"Because it's compulsory," or that they were participating in 

the program in order to please their homeroom teacher: "The 

homeroom teacher asked me to do it." Some (20%) wrote that 

they were participating willingly in order to gain more 

information about higher studies in physics and engineering: 

"The program will help me decide what to study in my higher 

studies" and "The program will give me an idea about what 

higher studies in physics and engineering are about." A 

minority of students (15%) specified that interest was their 

reason for participating: "Sounds interesting" and "I am very 

interested in aviation weapon systems and, for the first time, 

the program will give me an opportunity to learn about them."  

On the other hand, in response to the question "What do 

you think about the program?", which appeared on the final 

questionnaire, 90% of students noted that the program sparked 

their interest and was enjoyable: "It was fun," "The program 

succeeded in arousing great interest in me," and "I wish we 

could study all of our subjects in such an interesting way." 

(The rest of the students did not answer the question). 

The students' enjoyment and interest can be attributed to the 

interdisciplinary nature of the program, which integrated 

physics and electrical engineering, as revealed in the response 

to the question "What do you think about integrating 

engineering principles into physics studies?" asked on the 

final questionnaire. 85% of the students mentioned interest: 

"The connection between physics and engineering is very 

interesting… This is how teaching should be done in high 

school in order to attract more students to these subjects," and 

"It gives a different and interesting look at the physics that is 

taught in high school."  

Excerpts from the students' interviews held at the end of the 

program support this finding: 

"I like the combination [between physics and electrical 

engineering]… Now I see the physical considerations behind 

the choice of this engineering solution or another when 

coping with heat-seeking missiles or laser-guided weapons." 

B. Cognitive Component 

On the cognitive level, most students (60%) believed 

interdisciplinary teaching of physics and electrical engineering 

is not only interesting but also a natural choice, as revealed in 

their reply to the question "What do you think about 

integrating engineering principles into physics studies?" 

mentioned earlier. A typical comment was: "The combination 

between physics and engineering is natural. These subjects are 
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mutually dependent and so they should be taught in an 

integrated way."  

50% of the students added in their answer to the previous 

question that integrating engineering principles into physics 

studies enables a better understanding of physics: "Integrating 

physics and engineering explains the physics better." Excerpts 

from the students' interviews held at the end of the program 

support this finding: 

 "It [integrating physics and electrical engineering] 

enables a deeper understanding... It is easier to understand 

the physics material through a technological application." 

C. Behavioral Component 

The observations revealed that almost all students showed 

great interest in the program, which manifested in their active 

participation in the sessions despite the fact that they took 

place after lunch break.  

VI.   CONCLUSIONS 

The paper presented an interdisciplinary program on 

military avionics that was developed and first implemented in 

2012 in a leading Israeli high school that is affiliated with the 

Israeli Air Force.  

The research goal was to characterize students' attitudes 

towards the program. On the affective level, the study shows 

that students exhibited a great deal of interest towards the 

program. On the cognitive level, students believed that 

interdisciplinary teaching that combines physics and electrical 

engineering is natural and leads to a better understanding of 

physics.  
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Abstract—Long-life learning allows for workers’ career evo-
lution, and can be achieved either through dedicated adults’
courses, or via professional experience. In this paper, we report
on a project started four years ago with Orange-France Telecom
(major Telco operator in France) which aims at delivering
national diplomas on the basis of knowledge and proficiencies
acquired through professional experience.

We have designed the main lines of the process to guide
employees from Orange-France Telecom over a full year, from
an information session to a validation jury for their diploma. In
the meantime, they participate in collective courses helping them
to write a professional overview activity report, describing their
acquired expertise during their professional life in line with the
targeted diploma. Each participant is also individually tutored by
a university professor. The jury outcome is then of three kinds:
the diploma is delivered, or not, or only some units are granted.
In this latter case, advice is given to achieve a full completion of
the curricula. We here present the feedback from the first two
years experiments.

Keywords—Long life learning, professional experience valida-
tion, IUT, Department Networks & Telecommunications.

I. INTRODUCTION

Schemes for validating professional experience are pro-
posed in the French University but practices differ from one
university to another: the process is slightly different and the
fees as well. Hence, in order to conduct a successful national
project, an harmonisation of practices over all universities
had to be defined. Moreover, since several diplomas with a
common core area are concerned, a very detailed description
of the expected expertise was defined. This process allows for
verifying the candidate experience is in line with the targeted
diploma. The diplomas targeted are networking and telecom-
munications technician (graduate+2) and bachelor degrees in
the same topic.

After the initial session’s success conducted by Rennes 1
and Paris 13 Universities, the project has been extended
nationwide to all “Networks and Telecommunications” IUT
departments. Such a scheme has been possible since the
targeted diplomas benefit from a national programme, which is

shared by all universities involved. Setting up this programme
has required an extensive cooperation between universities,
both at a pedagogic level and at an administrative level. We
will present how the IUT “Networks and Telecommunications”
Departments National board proposes an unique interface to
process LLL for the major telecom operator in France.

II. NETWORKS AND TELECOMMUNICATIONS
DEPARTMENTS

A. Administrative and geographic situation

University Institutes of Technology (Institut Universitaire
de Technologie, IUT) are public schools created in 1966
to offer short technical curricula in two years within the
Universities. Now 24 professional specialties are offered in
113 IUT including French overseas territories.

The Networks and Telecommunications (Réseaux et Télé-
communications, R&T) technician’s career emerged from the
Electrical Engineering career specialty in 1991 to provide
for the growing demand of IT professionals. Now over 2000
students per year follow this curriculum in 29 departments in
the French territory, 2 of which are overseas, in French Guiana
and Reunion Island (see Fig. 1a and Fig. 1e). It aims at training
graduate students in networking technologies (Internet, Voice
over IP, Video over IP, . . . ), fixed and mobile telephony (2G,
3G, 4G, . . . ).

B. Different levels of studies

Since 2001, within the framework of the Bologna process,
the French diplomas are engaged in Bachelor, Master, and
Doctorate degrees (BMD) defined at the European level. The
DUT (Diplome Universitaire de Technologie — Technology
University Diploma)students and other 2-year curricula with
120 ECTS can access the final Bachelor level with an ad-
ditional year. This can be achieved by following one of our
4 Networks and Telecommunications professional bachelor
(called Licence Professionnelle — LPro) options:

ASUR (Administration et SécUrité des Réseaux): Net-
works Administration and Security;

16



(a) DUT (b) LPro ASUR

(c) LPro ISVD (d) LPro RSFS

(e) Overseas departments

Fig. 1: Maps of departments delivering the different diplomas

CART (Chargé d’Affaires Réseaux et Télécommunica-
tions): Business in Networks and Telecommuni-
cations;

ISVD (Intégration Systèmes Voix Données): Voice and
Data Systems Convergence;

RSFS (Réseaux Sans Fil et Sécurité): WIreless Networks
and Security.

C. Access to studies

DUT and LPro diplomas in the R&T departments can be
obtained through 4 different ways:

• the initial training is the classical one where students
have face-to-face courses delivered by teachers over
the semesters, followed by a mandatory internship
from 10 to 16 weeks;

• part-time training, where each student benefits from
an employee’s status and alternates periods of courses
at the IUT with in-company apprenticeship (only 35
to 45% of the time is located at the training centre);

• long life learning (LLL), allowing to resume studies
during or after a professional activity period. Training
is offered in evening classes or within part-time train-
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ing so that people can continue their work (sometimes
part-time) during the training period.

• validation of the assets and professional experience
(VAE, Validation des Acquis d’Expérience) allows
for validating the professional skills acquired during
his/her career and required for a diploma (DUT or
LPro) in order to validate these skills during a defence
to obtain the diploma.

D. Learning Programme

The National Pedagogic Programme (Programme Péda-
gogique National, PPN) is built over 1 800 hours of face-to-
face teaching for any initial training curriculum and provides
the nationwide homogeneity of training. The programme is
composed of Teaching Units (Unités d’Enseignement, UE),
each of them being quantified in terms of ECTS (European
Credit Transfer System). The DUT validates 120 ECTS and
LPro degree level, 180 ECTS (i.e. 60 ECTS per study year).

In order to set up the curriculum, the 29 heads of de-
partments meet in General Assembly several times a year,
to work on the development of teaching programmes and
common projects. Specific groups of academics dedicated
to a particular topic also attend such meetings. Since 2009
a collective LLL scheme has been engaged in the General
Assembly of departments’ heads so as to provide a coordinated
national response to the request of the major Telecom operator
in France: Orange-France Telecom.

E. VAE: Stations of the Cross for candidates

While the situation for a student enrolled in the initial
education for the R&T curriculum is clear from the PPN,
the VAE process directly and solely relies on the University
addressed by the applicant. A large scope of differences exist
w.r.t. the assessment of acquired skills as well as the associ-
ated administrative procedures (duration of the applications’
instruction, fees, . . . ).

For an individual employee, the procedure is a lonely
process that can be both long and full of pitfalls. His/her
application must carefully be prepared, highlighting the skills
acquired during the past professional experiences. The instruc-
tion of the application can last several months before actually
enrolling in a VAE scheme, which are followed by a 12 months
period dedicated to the candidate write a thesis and defending it
in front of a jury comprising both academics and professionals
in the working domain.

During this period, employees do not benefit from any
study leave to prepare or meet the administrative contact and
the instructor appointed by the University. Candidates must be
strongly motivated and persistent to carry out their work while
they are on their own with their application.

In our experience, candidates encounter three major diffi-
culties:

• analysis of the application w.r.t. the diploma, espe-
cially as concerns the theoretical parts of the teaching
programme that are not directly used for professional
activities;

• the difference between knowledge acquired through
professional experience within the company, and the
individual technical or analysis skills;

• lack of recognition of diplomas obtained by VAE in
the company.

As concerns this last point, the increasing demand for tech-
nical skills changed the companies human resources policies
to find qualified staff. We did collaborate with these services
in order to find solutions to the challenges raised by the
applicants. Universities receive many individual applications
from employees at Orange-France Telecom, but, as stated
above, the process is slow and hard to grasp. Hence the
advantages of designing a collaborative answer.

III. STEPS IN THE NATIONAL PROCESS

The overall process comprises several steps:

• Orange-France Telecom identifies the targeted em-
ployment category;

• the scheme is presented to the employees;

• the interested employees submit a pre-application;

• pre-applications are evaluated to assess their rele-
vance;

• those selected write a thesis explaining how their pro-
fessional experience meets the diploma expectations;

• it is defended in front of a jury.

We now describe all these steps in further detail, including
the support provided either for groups of candidates or to
individuals.

A. Targeted employment category

Orange-France Telecom first selects the employment cate-
gory concerned with this national programme for the current
year. Actually, several categories could be concerned, but too
many would be impossible for us to handle with our usual
human resources. It turns out that the population of employees
targeted is quite large, and the number of applicants was at
first unpredictable. The few years of experience showed that
approximately 5% engage in the process. Thus, it is possible
to tune the population addressed and our capacity to take them
in charge.

B. Scheme presentation to possible candidates

Once the employment category is defined, the company
advertises some jointly held information sessions. This stage
is still informative, with no commitment from the employees
yet. The supervisors in the company are also informed during
a half-day session at the company’s headquarters. Their role is
incentive, so that they motivate possible applicants to gather
information and later to engage in the process.

Each year, approximately 10 information sessions are
scheduled over february and march. Additional ones are often
programmed as well. The reason for so many sessions taking
place is that they often collide with school vacation period,
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which varies according to the region in France. Thus, peo-
ple always can attend some sessions scheduled outside their
vacation period.

The information sessions are conducted via phone confer-
ence and online presentation, using the operator’s “coopnet”
service. It provides a web interface for slides presentation as
well as chatroom facilities.

The presentation comprises:

• an overall presentation of the scheme by the company;

• the experience told by a participant from one of the
previous years;

• the targeted diplomas and their national context;

• the different steps of the process itself and its admin-
istrative aspects.

Each part is followed by a discussion with all participants so
as to answer the attendees’ specific questions.

C. Pre-application contents and evaluation

Those employees who want to engage in this professional
experience validation programme fill in a pre-application form.
They are required to have worked at least 3 years in Orange-
France Telecom or other companies. In the pre-application,
they state the main activities they performed in their profes-
sional life, positions held, etc. They also indicate their cur-
riculum, be it traditional or life-long learning courses. Finally,
they provide hints about their technical expertise by filling a
self-assessment table where for each technical point related
to the diplomas, the applicant must state her/his proficiency:
none, can execute, is autonomous, or can transfer knowledge
to a colleague.

Based on the information provided by the candidate, the
professor responsible for conducting the programme at the
local university, assesses the relevance of the application.
Either it perfectly fits the diploma, or for a large part and
the candidate is accepted to engage in the programme, or it
clearly lacks too many proficiencies, and the application is
rejected. Since we propose 4 very closely related diplomas, it
also happens that the candidate is advised to aim for another
diploma than the one originally intended. The self-assessment
is an essential tool in this respect.

D. Core work and support provided

A candidate engaged in the programme is then expected
to present his/her professional experience in regard of the
expected proficiencies in a written thesis. In order to help him
doing this, some support is provided:

• an academic (or better, a professional also employed
part-time in the university) is assigned to each candi-
date to follow the progress and comment the different
stages of advancement ;

• a first collective meeting (i.e. with a group of candi-
dates) occurs very early in the process, which allows
for explaining the expected work. Generally, a candi-
date meets the associated academic for the first time
during this collective work session ;

• a second work session happens a few months later,
where candidates present a first draft. The draft is
commented, both on the structure, the choice of pro-
fessional experiences to be detailed, and the depth of
the description. From then on, personal work takes
place, with the academic as support, until the very
last stages of the process.

E. Defence and outcome

The last stage of the process consists in defending the thesis
in front of a jury composed of academics and professionals.
The candidate gives a short presentation of the relevant profes-
sional experience followed by a series of questions and answers
aiming at an in-depth view of the actual proficiencies. The oral
presentation is prepared during a collective working session.

Then the jury states on the adequation of the professional
experience with the diploma, and decides either to:

• grant the degree in full;

• grant some units of the degree but not all of them;

• not deliver any unit from the diploma.

It is very seldom that the candidate does completely fail.
This is often due to work in the area, and the candidate over-
stating his/her abilities and proficiencies in the pre-application.

In the second case, where only part of the teaching units
are delivered, some recommendations are issued to attain
completion. Depending on the extent of the knowledge to
acquire, personal work in a specific area is requested, or
attending courses and exams. The candidate is expected to
complete this within a year.

IV. BENEFITS OF THE NATIONAL SCHEME

Setting up such a national programme has been made
possible only by providing a national curriculum shared by
all 29 Networks and Telecommunications departments in the
country. Thus, wherever the employees are in France, they have
an academic contact in their region. Note that among the 4
diplomas proposed, 1 is delivered by all departments, whereas
the other 3 are available only in some selected places, as shown
in Fig. 1. However, the close cooperation between departments
allows for finding the closest place for this programme.

Each application is sent to a national committee that dis-
tributes it to the nearest participant university. This centralised
organisation aims at a better tracking of the different steps in
the process and a better usage of local resources.

The benefits for applicants of having such a wide scheme
are manyfold:

• they are assigned to a department in their geographic
area;

• they can communicate with colleagues that are also
part of the process, or have been in the previous years,
giving them feedback, sharing experiences, supporting
each other;

• as part of this cooperation programme, the employees
are given 48 hours by the company as free time for
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their VAE work instead of the 24 hours they are
entitled to by law;

• validation of professional experience gives employees
the opportunity to be aware of the spectrum of their
abilities, and is often considered as an important step
in personal development.

There are also benefits for the company:

• a single programme over the territory;

• a centralised academic contact to deal with;

• a unified financial cost per application.

V. CONCLUSION

Setting up such a national programme has been made
possible only by providing a national curriculum shared by all
29 Networks and Telecommunications departments throughout
the country. Thus, wherever the employees are in France, they
have an academic contact in their region.

From the first two years experiments where 68 persons
were engaged in this validation process: 36 of them succeeded,
11 required further work. The third year, which is currently in
its final stage, involves 132 employees handled by 16 university
departments out of the existing 29. Orange-France Telecom
reconducts this programme for the upcoming year.
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Abstract— In recent years we have been facing substantial 

decrease in the number of young people who are interested in 

study at technical universities, including the branches of 

electrical and information engineering. One of the promising 

ways is establishing of close contacts with secondary schools, or 

even directly with their students. Our objective is to win their 

interest and motivate them, so that they decide to study technical 

disciplines. The paper uses an example of a case study to describe 

possible ways for increasing of secondary students’ interest in 

studying at technical universities. 
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I. INTRODUCTION 

The Department of Telecommunication Engineering has to 

cope with a massive outflow of students due to two main 

reasons related to social development. Firstly, there was a 

lower natality for approximately 8 years in the beginning of 

the 90’s. [1] Secondly, the interest of young people in 

technical sciences and engineering disciplines is tragically low. 

We can use an example of our own Faculty of Electrical 

Engineering: in the past it was quite common that students had 

rich practical experience with construction of various 

electronic circuits and devices, but today such cases are rare. 

In the wider social context of European interest, the 

satisfactory number of electrical engineers is a crucial 

condition for future competitiveness of our continent and, on 

the contrary, if we lack such people in a long-term perspective, 

then Europe will be pushed into the background of modern 

technologies, and especially of their development. 

For these reasons we are finding new ways to provoke the 

interest in electrical and information engineering as early as 

during secondary (or even elementary) education. Therefore 

we use any opportunity to establish close cooperation with 

secondary schools (with their teachers and students), so that 

their graduates can see a technical university offering 

electrical engineering branch as a clear and logical option for 

their further study. 

One of the ways that we have identified is the development 

various learning materials by academic staff (in the case of the 

presented project, by an international team). These materials 

are optimized for secondary school students (and prepared for 

their teachers). 

During the project preparation we were paying attention to 

exact matching of the planned outputs with real needs of 

secondary schools. We really wanted to avoid the situation 

when project results are just stored in a drawer and forgotten. 

Therefore we closely collaborated with a technically 

oriented secondary school, the students of which later became 

our target group. This collaboration allowed us to get insight 

to their real needs and to realize how we could help, i.e. what 

learning aids we should develop for them. 

The said secondary school then became a member of the 

project consortium, which also greatly helped us in precise 

tailoring of the learning materials. 

Specifically, we were jointly specifying topics and areas of 

the courses, and we were also focusing on format and form to 

be used for the learning aids. 

Thanks to collaboration with individual secondary school 

teachers we could extend, on their request, the originally 

planned portfolio of learning aids with some other ones. 

II. PROJECT AND ITS PEOPLE 

In 2011 we successfully applied for a grant project, the 

purpose of which is to increase the level of secondary 

vocational education. Thus, our department has become a 

coordinator of a Lifelong Learning / Leonardo da Vinci / 

Transfer of Innovation project titled “Innovative Methodology 

for Promising VET Areas”. [2] Within this European project 

we are developing and testing new specialized learning 

materials for secondary school students. The form of these 

materials is innovative and attractive, focusing on the most 

positive impact on the target audience. 

The core of project consortium is formed by eight partner 

institutions and several secondary schools (associated 

partners). The key members are: Czech Technical University 

in Prague (Czech Republic; project coordinator), Slovak 

University of Technology in Bratislava (Slovakia), Vocational 

College and Vocational Technical School of Electrical 

Engineering (Prague, Czech Republic), Kybertec, s. r. o. 

(Chrudim, Czech Republic), University of Maribor (Slovenia), 

Technical University of Catalonia (Barcelona, Spain), 

Siemens Program and System Engineering (Bratislava, 

Slovakia), and Fredrika Bremer gymnasierna (Haninge, 

Sweden). 

The main objective is substantial improvement of 

secondary vocational education, and the two main target 
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groups correspond to this goal – students of VET schools and 

their teachers. Nevertheless, other users from different 

institutions and countries are also invited to take part in pilot 

testing as well as in related activities. Partial objectives can be 

summarized as follows: 

 Update, adaptation and modernization of selected 

electronic courses (developed earlier) including detailed 

(content-oriented) review of the adapted courses; 

 Localization of selected courses for national 

environments of the respective partner countries; 

 Adaptation of the (also earlier developed) multilingual 

multimedia dictionary, supplementing explanatory part, 

with 2400 suitable entries; 

 Development of the courses in off-line version that 

would be suitable for e-book readers; development of 

printer-friendly version; 

 Development of supplementary materials (worksheets 

for teachers and students, tests, on-line version for 

Moodle LMS); 

 Preparation of tutors and teachers, followed by the pilot 

testing in all partner countries; 

 Pilot run of the courses; 

 Final corrections of the outputs (based on feedbacks 

obtained from pilot testers); 

 Pilot accreditation of selected courses (one or more); 

 Provisions for sustainability of the outputs after 

conclusion of the project. 

III. TOPICS OF THE COURSES 

The final outlines of the individual courses were suggested 

and approved by secondary schools (i.e. main target group) in 

the initial phase of the project, with respect to up-to-date 

topics and the needs of education development. There are 6 

courses in total, dealing with modern electronic 

communications and related areas. All these courses are 

available in English and Czech; also, there are always three 

courses available in each or the other four European languages 

(Slovak, Swedish, Slovene and Spanish). The topics have 

been selected to fill gaps in the existing learning materials 

used by the respective secondary schools and to represent the 

most modern and attractive areas from the students’ viewpoint: 

 Course 1: NGN (Next Generation Networks) 

 Course 2: Information and network security 

 Course 3: Networking problems and IPv6 

 Course 4: Mobile networks 

 Course 5: Multimedia 

 Course 6: Logic and digital systems 

One of the most serious problems was to present these 

relatively complex topics in a way that would be understood 

and well received by the target group, i.e., secondary school 

students. (Please note that the authors of the courses are 

university teachers who, despite their experience, may 

consider it difficult to approach the mentality and needs of 

VET students, and in some cases they may even fail in it.) 

 

 

 

IV. TYPES OF LEARNING AIDS 

During the project preparation (2010–2011) we decided to 

prefer new media – i.e. electronic books (textbooks in our case) 

and e-book readers, expecting that the developed courses 

should be optimized mainly for this modern and increasingly 

popular technology. 

Therefore we decided to supplement the courses with an 

interesting portfolio of other suitable aids and tools. 

A. Courses in a form suitable for e-book readers 

The primary objective was the development of the courses 

for e-book readers. This forced us to respect many limitations 

given by the current technology, the most important being 

only black and white displaying capabilities with no support 

for animations. It was also difficult to cope with limited use of 

hyperlinks in the text. Sample page is provided in Figure 1. 

 

 

Fig. 1  Example of learning content in e-book format 

 

Originally we planned to use only the open format (EPUB), 

which is acceptable for most readers. However, the needs 

analysis revealed that Czech users would prefer Amazon 

Kindle devices, which use proprietary (and therefore closed) 

format. For this reason we decided to add also the format for 

these readers (AZW). 

 

 

22



B. Courses in a printable version 

In order to provide greater comfort for users (teachers as 

well as students) who need not have, necessarily, the e-book 

readers available or simply want to get the developed courses 

displayed on another device, we have prepared also a printable 

(PDF) version of all courses. 

So, the users can either print the learning material or its part 

on a printer, or view the courses on computers, tablets, and 

even smart phones. This way we want to meet especially the 

trend of using tablets that we have been observing among 

youngsters during the recent year. 

The printable version of the courses looks better than the 

electronic (e-book) one, since it offers colored pictures that 

are much easier to understand and remember. An example of a 

page from the printable (PDF) version is in Figure 2. 

 

Fig. 2  Example of learning content in printable version 

 

C. Courses in a version for LMS 

This version was originally not planned, but we included it 

among the outputs in reaction to actual requests of secondary 

school teachers. It is represented by a standard SCORM 

package that can be imported into any LMS (Learning 

Management System). Schools willing to use the developed 

learning materials will have the option to place them directly 

on their learning portals. For the purposes of pilot testing we 

have been using Moodle LMS, which is one of the most 

widely used. An example of a page from our course in Moodle 

is presented in Figure 3. 

 

 

Fig. 3  Example of learning content in Moodle LMS 

 

D. Multimedia multilingual dictionary with explanatory part 

A supplementary output of the project is an online 

dictionary of professional terminology related to the topics of 

the courses. The dictionary comprises eight languages 

(English, German, French, Spanish, Czech, Slovak, Slovene 

and Swedish) and it has translation and explanatory part. The 

translation part contains 2400 entries in each of the listed 

languages. This part is a multimedia one – i.e., all entries are 

available also in the audible form (performed mostly by native 

speakers). The dictionary is illustrated in Figure 4. 

 

 

Fig. 4  Translation part of the dictionary 
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Besides the translation part, there is also the explanatory 

one, which offers more detailed description of the respective 

terms. It is intended to become a core of a future encyclopedia 

of professional terminology. The detailed explanation (i.e. 

definition or short description of the given term) will be 

available, for the present, for one hundred selected 

expressions from the translation part, in all eight languages. 

E. Worksheets 

The worksheets were also developed on direct request from 

secondary school teachers. It is a specific supplementary 

learning aid that serves for practicing of difficult or key parts 

in the form of a task, example, quiz, etc. So far we have 

prepared 3–4 worksheets for each of the courses, but their 

number will be increasing continuously, according to current 

requests of the teachers. Figure 5 shows an example of a 

worksheet. 

 

 

Fig. 5  Example of a worksheet 

 

The worksheets are available in student version 

(assignment of a task) as well as in teacher one (that contains 

also correct solution of the given problem). The worksheets 

with solutions are, of course, not available freely, but we send 

them directly to those teachers who ask us for doing so. 

F. Tests 

Examination tests are an integral part of the learning 

materials. These tests are inserted in Moodle LMS and they 

are used to verify the knowledge acquired by the students. 

There has been also specified a sophisticated methodology for 

evaluation of these tests that takes into consideration the 

variability of education at a particular school. Each school can 

select from the offered topics those ones that are in accord 

with its specific focus, and the knowledge verification system 

has to react accordingly (i.e. students must not be tested in 

areas that are not relevant in this sense). 

G. Project web portal 

The project portal http://improvet.cvut.cz provides project 

management and administration features, as well as a learning 

part for the target groups – secondary school teachers and 

their students. 

The main purpose of this part is to offer downloading of all 

developed learning aids in all available language versions and 

access to online applications (such as the multimedia 

translation and explanatory dictionary). 

Evaluation questionnaires (offline version) and handbooks 

for teachers and students are also downloadable from here. 

The portal contains a Moodle section where you can find 

the online version of the courses, tests and evaluation 

questionnaires. 

H. Other aids 

The learning content is supplemented with several 

handbooks. The most important one is the handbook for 

teachers that contains basic guidelines how the new learning 

aids should be used, which topics are available, how the 

course can help in efficient education of vocational subjects, 

etc. 

The second handbook is for students and it introduces the 

developed outputs from a student’s perspective. 

V. PILOT TESTING 

Pilot testing is a very important phase of the project 

implementation, as it will provide practical experience from 

the deployment of the developed learning aids (including the 

methodology) and direct feedback from participating students 

and teachers. 

The pilot testing is divided into two parts. The first one is 

pilot run for teachers who should get familiar with the content 

of the courses, with the form of the individual aids and with 

the way of their use. Subsequently they can decide which 

parts of the project outputs they want to use in their classes 

and their subjects. 

The second part is the pilot run for students. We expect 

participation of several dozens of classes and the total number 

of more than 400 students. 

Students can participate in the final test (electronic, online). 

If they pass it successfully and under personal supervision of a 

teacher, they can be issued a certificate. 
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VI. CONCLUSION 

At present time the pilot run for students is about to finish, 

and then the final versions of all learning aids will be prepared. 

When the pilot run was commenced and the project 

advertised in specialized journals, we were pleased by the 

high number of requests from secondary school teachers and 

headmasters who are very interested in the newly developed 

learning aids, wishing to introduce them at their training 

institutions. This is, of course, great motivation for the entire 

project consortium, as we can believe that the declared interest 

will be manifested also in higher number of students entering 

electrical and information engineering branches. 

We assume that after the pilot run the learning courses and 

other new aid will become standard part of education in 

vocational subjects at many secondary schools in several 

European countries. 

We also assume that the developed learning aids will be 

available to secondary schools free of charge, even after 

termination of funding from the EC. As for the other 

prospective users (such as industrial companies), the payment 

policy will depend on the decision of consortium members in 

the respective countries. 
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Abstract— It is well known that during the last fifteen years, a 
strong decrease of interest of the young pupils and high-schoolers 
for exact sciences was observed in the major part of Europe. A 
way to invert this trend consists in educating young generations 
in microelectronics, microtechnology and nanotechnologies, a 
specific topic of the electrical and information engineering. The 
Higher Education in these fields is organized in France through a 
network (GIP-CNFM) that coordinates the 12 regional 
interuniversity centres that have facilities as well in technological 
processes as in design of microelectronics devices and circuits. 
The main role of the GIP-CNFM is to harmonize and financially 
support the activities of the 12 centres essentially involved in 
higher education. But new objectives concern the attractiveness 
of young high-schoolers by the way of the organization of special 
sessions of  for them as well for their teachers (educators), by the 
way of a one-day internship of training courses, scheduled on the 
facilities of the technological platforms. Since 2009, several 
experiments in this scheme have been setup through the GIP-
CNFM network. Thanks to these prioneering experiments, 
several tens of secondary classes were brought to a better 
knowledge  of  microelectronics and nanotechnologies impact on 
science, technology and daily life. 
Keywords — Microelectronics, Nanotechnology, Higher 
education in EIE, Awareness of schoolers, Young people 
attitudes, National network. 

I. INTRODUCTION 

In order to prepare the future of science and technology of 
information and communication, and due to the huge 
evolution of the associated techniques during the last fifty 
years, it is more and more important to attract good students 
and researchers in this field. It is well known that during the 
last fifteen years, a strong decrease of interest of the young 
pupils and high-schoolers for exact sciences was observed in 

the major part of Europe, following the same trend that North 
America encountered several years ago. A way to invert this 
trend consists in educating young generations in 
microelectronics, microtechnology and nanotechnologies, a 
specific topic of the electrical and information engineering.  

The Higher Education in these fields is organized in France 
through a network that is officially recognized by the Higher 
Education Ministry under the administrative form as a Public 
Interest Grouping (GIP), named GIP-CNFM for National 
Coordination for Education in Microelectronics and 
Nanotechnologies. This network coordinates 12 regional 
interuniversity centres that have facilities (technological 
platforms) as well in technological processes, as in design of 
microelectronics devices and circuits [1-2]. 

The main role of the GIP is to harmonize and financially 
support the activities of the 12 centres in order to maintain a 
high quality of the higher education in this field. But due to 
evolution above-mentioned, new objectives concern the 
awareness and the attractiveness of young high-schoolers. A 
solution consists to organize special sessions of formations for 
the educators, followed by one-day internship of lab-works for 
the schoolers supervised by their class teachers. These 
internships take place on the facilities of the technological 
platforms. Since 2009, several experiments in this scheme 
have been setup through the GIP-CNFM network.  

The goal of this paper is to give details of the organization 
of these internships in the GIP-CNFM centres. We will focus 
mainly on activities conducted by the two CNFM centres of 
Grenoble and Rennes, with the help and partnership with 
inspection services of the rectorate of Grenoble and Rennes, 
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knowing that several similar experiments are made in all the 
CNFM centres today. 

The goal of this paper is to give details of the organization 
of these internships in the GIP-CNFM centres..  

II. THE NATIONAL NETWORK: GIP-CNFM 

A. Reason to create the CNFM network 

In order to develop the sciences in the field of 
microelectronics, in agreement with professional bodies 
(Professional syndicates), in the early 80's, the French 
government encouraged the creation of a national network for 
higher education in microelectronics [1-3], presently called 
GIP-CNFM, with the aim of pooling big equipments such as 
microelectronic cleanrooms, design tools or characterization 
and testing stations, a larger population of students today have 
nationally or regionally access to the common platforms. 
Figure 1 gives a map of these centres and highlights the 
presence of technological facilities as well as design and test 
centres. 

 
Fig. 1.  The French national network in microelectronics and 
nanotechnologies. This network is composed of twelve interuniversity centres. 
Seven have technological facilities such as cleanrooms. 

The centres are common to the local institutions and are 
administratively attached to one of them through special 
agreement . These 12 clusters, or centres, are members of the 
GIP as well as the concerned union of industries, SITELESC 
[4]. GIP has been created and contracted with the Higher 
Education and Research Ministry as an Open University 
without walls and receives a financial support each year to 
contribute to the network strategy, investments and to the 
running costs. 

 
 

B. Organization and missions of the CNFM network 

As shown Fig.1, seven centres, namely the centres of 
Grenoble, Toulouse, Lille, Bordeaux, Paris, Orsay, and Ouest 
(Rennes), have technological facilities with cleanrooms 
dedicated to microelectronics and nanotechnologies. These 
cleanrooms are designed and organized to receive students of 
the neighboring regional institutions (universities, engineer 
schools, research institutes and colleges). The 5 other centers, 
namely the centers of Lyon, Strasbourg (MIGREST), 
Limoges, Montpellier, PACA (Marseille) are mainly involved 
in design and characterizations activities. In practice, each 
center has its own specificity, mainly in connection with the 
research activities of the academic institutions located in its 
geographic area. More details on these activities can be 
obtained from the GIP-CNFM website [3]. The network 
structure  allows the mobility of students from one center to 
the other. Fig. 1 shows many arrows corresponding to the flow 
of students from the regional institutions towards their center 
but also between the centers. The GIP-CNFM encourages this 
practice through grants that are given to the regional centers 
that receive students and their teachers on their technology 
platforms. In addition, the GIP-CNFM has CNFM CAD 
National Services that are hosted by the centre of Montpellier. 
These services manage the purchase and the maintenance of 
software's and tools, all available for computer aided design 
activities. They negotiate with the suppliers and also send the 
releases of the softwares to the users institutions. In return, 
these users must partially contribute to the running costs of the 
National Services. Moreover, the presence of National 
Services allows an access by all the centres and all academic 
institutions in connection therewith, to all CAD and 
prototyping tools, as well as access to a remote industrial test 
platform. 

The first mission of GIP-CNFM is to coordinate and 
harmonize the activities of the twelve centres. Within the last 
five-year contract with the Ministry of Higher Education, it 
committed to ensure at national level the training of specialists 
and non-specialists, and to support innovative actions in 
particular through the creation of new lab-works opened to the 
entire population of students, professionals, and lifelong 
learning students (in line with their level). Figure 2 shows the 
activity of the network during the academic year 2011-2012.  

 
Fig. 2.  GIP-CNFM network: activities. During the academic year 2011-2012, 
more than 10,000 students were users of the microelectronics and 
nanotechnologies centres. The initial training students represent the majority 
of users. In the same year 1400 schoolers had one-day internship in the 
centres. 
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More than 10.000 students whatever their level have used 
the facilities of the centres. The platforms are also used for 
research training by the doctoral students within the 
surrounding laboratories and for continuing education of 
private  companies’ employees. In addition, the new policy 
encouraged by the Higher Education Ministry and supported 
by the professional bodies targets an awareness of schoolers in 
order to attract them towards sciences. The GIP-CNFM has 
contracted with the Ministry in this way, and has defined 
indicators able to assess the evolution towards this goal. 

C. Higher Education towards high-schoolers 

Students move from their own institution towards the 
regional or national platforms. In addition, the recent 
evolution towards nano-metric scales in the frame of 
nanotechnologies that correspond in parallel to an opening 
towards other fields such as medicine, biology, and 
environment, seems to have an accelerate rate in comparison 
with the traditional Moore's law [5], namely called "More than 
Moore" [6] and thus corresponding to a functional 
diversification. The challenge is now to use the platforms as 
well for higher education students as for high schoolers. The 
main idea consists to show but also involve the high schoolers 
in several experiments not only dedicated to microelectronics 
but also to "More than Moore" emerging fields. A strong need 
to adapt the pedagogy to this incredible race is thus more and 
more demanded.  

III.  THE EVOLUTION OF THE YOUNG PEOPLE IN SCIENCES AND 

TECHNOLOGIES 

If the need of technicians, engineers, and doctors increased 
during the last thirty years, in correlation with the 
development of the sciences and technologies of information 
and communications, the interest of the young pupils did not 
follow this evolution. More especially, in the recent year, we  
witnessed a decrease of interest for sciences and technologies 
of the schoolers, numerous students after the secondary 
schools choosing, preferentially business, health or law fields 
even with a good scientific background [7]. A reflection 
commission was setup at European level in order to analyse 
the situation and to propose some strategy [8]. 

Figure 3 gives an idea of the feeling of the young pupils to 
continue their studies in sciences based on the work of the 
Nuffield foundation [9]. In the developed countries the 
average percentage is close to 25%. Let us notice that the girls 
are less attracted than the boys in all the developed countries. 
This explains that no more than 12% of the students are girls 
in electrical engineering at bachelor and master levels in 
France for example. To summarize, the higher level of 
development in a country, the lower interest the students 
express in learning about science and technology-related 
topics. 

It is interesting to notice that in terms of background 
quality, the average percentage of students already engaged in 
the natural or engineering sciences that consider the field of 
science exciting and useful is close to 8%. 

 
Fig. 3.  Geographic differences for sciences at school. School science seems 
to have failed in many ways and in European countries. The girls are less 
attracted than the boys in all the developed countries [9-10]. 

Figure 4, issued for the same European expert group, ROSE 
[10] gives evidence of this fact. The percentage varies with a 
factor of three among the developed countries but the average 
value remains in the range of 8%. Thus, many actions must be 
done to avoid the continuing of this drop-down, and the 
economy actors and industry companies of the field are more 
and more eager to reverse trend of the curves. 

 
Fig. 4.  Geographic differences for sciences at school. Data from the ROSE 
study showing 24 years old student responses to the question ‘I like school 
science better than most other school subjects’. These students have already 
chosen the field of sciences. (After ROSE report by M. Teitelbaum [11]) 

This is the reason why in France and in 2012, the 
professional body, FIEEC, that is a federation of industry 
syndicates in the field of electronics and its applications, has 
written a "Communiqué" entitled after translation "Acting for 
the attractiveness of our disciplines" [12]. 

IV.  ACTIONS TOWARDS HIGH SCHOOLERS 

A. Projects applied by GIP-CNFM towards awareness of 
high-schoolers 

With the goal to develop this type of actions, the GIP that 
acts as a federative structure applied to national programs. In 
2009, the GIP has applied for a project in the framework of 
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Nano-Innov program included in the national recovery 
program dedicated to innovation in nanotechnology [13]. This 
project was accepted and spanned from 2010 to 2012. It 
included an action called Nano-Innov formation that was 
devoted to develop new lab-works in the three of the CNFM 
centres for high-schoolers especially to increase the awareness 
of these young people.  

The GIP has also applied for a project entitled FINMINA 
for "innovative training in microelectronics and nano-
technologies" in the framework of IDEFI (Excellence 
Initiative for Innovative Training [14]). This project was 
accepted in March 2012 for eight years duration. The main 
objective is to develop and support innovative projects for an 
educational purpose in conjunction with the economic 
environment. Innovative actions relate first to projects 
submitted by each centre for higher education purpose, but 
also for awareness of students or schoolers. In this way, the 
audience is very broad and covers the entire spectrum of the 
age, from 10 to 60 and more!  

The actions of the project Finmina are summarized in 
Figure 5. The second Work package (A2 in the synoptic of the 
project), is dedicated to these schoolers. It may be noted that a 
special effort should be undertaken to attract schoolers in our 
disciplines.  

 

Fig. 5.  Synoptic of the Finmina project coordinated by GIP-CNFM. Action 
2 concerns the awareness of high-schoolers. 

B. Target population of high-schoolers 

In these projects, as well as in the policy of the GIP-CNFM, 
the first schooler targets are the higher-schoolers; indeed, the 
last years of the secondary schools are considered easier to 
manage for higher education professorial core. The chosen 
classes are mainly the last but one class before university. 
These classes have no exam or contests at the end of the 
academic year.  

C. Adaptation of the teachers of higher-schoolers 

In practice, a part of the work includes the formation of 
educators, namely the physics science teachers of the 
secondary schools. Several sessions of educator trainings were 
organized. Of course some colleagues of higher education 
world must be ready to form these teachers by organizing 

specific sessions. Figure 6 shows several members of the team 
of faculty and staff of CIME-Nanotech (Grenoble) involved in 
this action. 

 
Fig. 6.  A part of the team of faculties and staffs of CIME-Nanotech 
involved in schooler awareness actions in Grenoble region. 

First, the teachers spend some time on the platforms where 
they acquire some know-how, and afterwards, they are 
coming with their own classes, usually one full day per class. 
Figure 7 shows two teachers of secondary school following a 
deposition of aluminium with the process technician of the 
cleanroom in the CCMO centre.  

 

 
Fig. 7.  Two teachers of secondary school attending the deposition of an 
aluminium film processed by the technician of the CCMO cleanroom.  

After such an internship, the educators are prepared to drive 
their own schoolers, and thus to work on the platforms. 

D. Effectiveness of the actions 

A first successful experience with the Rector of the 
Academy of Grenoble during the years 2009-2011 has raised 
awareness of 11 classes/per year [15]. Meanwhile, similar 
actions were carried out in the centres of Lille, Toulouse and 
Orsay (Paris-Sud), and are today extended to other GIP 
centres in the centres of Rennes, Marseille-Nice and Limoges. 
For the academic year 2011-2012, about 30 classes have been 
concerned, in France. A little more are scheduled for 2012-
2013. 

All the selected classes of the Rhone-Alpes region, on one 
side, and of the Brittany region on the other side, have spent 
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one day internship on the technological platforms with real 
practice on the specific equipments. The schoolers have 
practiced in several technological and characterization steps 
such as photolithography of a silicon wafer in cleanrooms, 
chemical wet etching of a pattern made on silicon wafers, 
characterizations by optical, electron, and atomic force 
microscopes (optical, SEM, AFM), or on work stations 
devoted to the design of integrated circuits.  

Figure 8 gives an example of high-schoolers working in the 
cleanroom of Grenoble. They are processing a silicon wafer in 
the photolithography room.  

 

Fig. 8.  Some schoolers are working in the photolithography room of the 
cleanroom of the CIME Nanotech Grenoble centre.  

Figure 9 shows the presence of young schoolers in the 
cleanroom of the Rennes centre, CCMO. The presence of so 
young users in the platform was not so usual before these 
experiments. During their one-day lab-work the schoolers can 
discover how to transfer a circuit design from a mask to the 
silicon wafer. 

 

Fig. 9.  Young schoolers in the cleanroom of the CCMO centre, exactly in 
the room of furnaces. So young users in the platform was not so usual before 
these experiments. 

Figure 10 shows the nano-world platform of CIME-
Nanotech where students and high-schoolers can have training 
on microscopy and nanoscale characterisations: optical 
microscope, Scanning Electron Microscope, Atomic Force 
Microscope, haptical interfaces to make atomic forces visible. 

These examples cited in this paper are intentionally limited, 
knowing that today many experiments are on progress in 
parallel in the CNFM centres. A global assessment of these 
activities in the centres at the level of the CNFM network 

appears in Figure 10 and 11. The number of schoolers has 
significantly increased during the last four years. 

 

Fig. 10.  Some schoolers are awareness on nanosciences during their one-day 
internship in the Grenoble centre.  

The number of teachers was higher the second and the third 
years. It is clear that after having attended to dedicated 
internships with the help of higher education professors, they 
do not need additional practice. The number of these teachers 
attending the specific sessions for educators is expected to 
progressively decrease during the next years when a large part 
of the core will be aware.  

The number of hours spent by the schoolers and their 
teachers followed the similar trends. These results constitute 
an indicator for the French Ministry of Higher Education. 

 

 
Fig. 11.  Evolution during the last four academic years of the awareness of 
schooler in the GIP-CNFM centres.  

 
Fig. 12.  Evolution during the last four academic years of the awareness of 
schooler in the GIP-CNFM centres. The number of hours strongly increased. 
This is an indicator for the Ministry of Higher Education. 
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At the end of each internship the schoolers have to answer 
to simple questionnaire and have to write a small report 
supervised by their own teachers. The survey based on these 
questionnaires, after these experiments, shows the interest of 
the high-schoolers on such a novelty in their secondary 
scientific education. However, we have to wait several years 
to analyse the efficiency of this approach and to be sure of the 
increase of the number of students in our field. 

E. Extension of the awareness to a larger public 

A way to increase the efficiency of this approach consists 
to aware younger schoolers and pupils even at the level of the 
primary school. That is the reason to participate to special 
annual events, the Days of Sciences and Feast of Science, 
opened to a larger public. Villages are temporarily installed in 
the cities, where academic staffs are presenting pedagogical 
and exciting experiences. Figure 12 shows an example of 
event organized in Grenoble with the contribution of CEA-
MINATEC centre [16] where we can see very young pupils at 
the stand of MINATEC with the partnership of the CNFM 
centre. 

 

Fig. 13.  Sciences events for young public. 

V. CONCLUSIONS 

To summarize, several tens of secondary classes were 
annually made aware to microelectronics and 
nanotechnologies in these experiments. All the selected 
classes of the Rhone-Alpes region, on one side, and of the 
Brittany region on the other side, have spent one day 
internship on the platforms with real practice on the specific 
equipment as well in technological environment as in design 
one. 

The interest of the teachers combined to those of the high-
schoolers, lead to a strong increase of hours spent on the 
platforms by these new users. This evolution is really 
encouraging and is incentive to continue the related policy 
[17]. 
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Abstract— In the drive to enhance undergraduate courses in 
various disciplines, industrial placements are becoming part of 
them for an increasing number, ranging from engineering to 
accounting and social work. The paper analyses internship 
practice at a large higher education technological university in 
the island of Crete, in the south of Greece.  This work describes 
the different approaches that have to internships each of the 
three stakeholders involved, based on the long experience of 
academic internship supervisors of the Institute. The findings of 
this paper are based on an enhanced internship project that the 
Greek institute is running funded by European funds and 
reports preliminary results of this programme.  In addition, 
suggestions based on experience are made for future 
development and monitoring of internship programmes to 
achieve beneficial outcomes for all stakeholders involved.. 
 
Keywords—: industrial placement, higher education 

I. INTRODUCTION 
Industrial placement or internships are beginning to be 

considered vital to be included in a higher education 
curriculum. More students and companies are aware of the 
benefits of practical experiences obtained during internships 
by making part of a course programme. It has been reported [1] 
that students increasingly demand internship programmes so 
they can acquire professional skills before looking for a job 
while at the same time, companies train students in their 
organization and use internships to reduce uncertainty in the 
hiring process after graduation. Thus, internships serve the 
needs of three parties: students, academic institutions and 
companies. 

There are many advantages for all three stakeholders by 
forming a partnership between them. However, it should be 
pointed out that each party views benefits differently [2], 
while having different needs, hopes and values. These 
differences do exist and should be recognized in the 
implementation of a successful internship programme. 

This extracurricular experiential learning practice has been 
regarded in literature as a way for undergraduate students to 
gain real-life experiences [3], for training purposes [4], and as 
a tool to identify long-term interests and goals [5]. By going 
through internships, undergraduate students can become self-
sufficient, motivated, and determined. They begin to clearly 
identify career interests, while increasing their reported 
satisfaction with their undergraduate course [6]. Internships 

can be seen as a sensible pedagogical tool which provides an 
important experience [7]. It has been reported [8] that 
undergraduate students use internships to practice what they 
have learned during studies and to obtain new skills, and that 
internships can provide the opportunity for further learning [9].  

Over the last decades public debates [10] on educational 
policy have drawn the attention to changes required in higher 
education to produce graduates better equipped for the modern 
working environment, stressing the need for acquiring 
transferable skills and employability during studies. As such, 
the development of links with companies is perceived as an 
essential part of this process at both undergraduate and at 
postgraduate levels. Students get some useful career insights 
from their improved understanding of the working 
environment. It has long been accepted in professional degree 
courses, such as medicine and engineering, that training in the 
work place must be an obligatory part of them. 

. 

II. THE TECHNOLOGICAL EDUCATIONAL INSTITUTE OF CRETE 
The Higher Education establishments of Greece have been 

increased both in numbers and diversification with the 
inclusion of the Technological Educational Institutes in their 
ranks. TEI, a Greek acronym for educational establishments of 
technology, was initially a further education establishment 
placed between secondary education and Universities. These 
establishments were characterised by a course length which 
was shorter than that of the Universities, while offering a 
wider range of courses, including subjects not offered by old 
Universities.  

TEIs were included in the Higher Education of Greece in 
2000 with a law which in effect harmonised Greece with the 
rest of Western Europe, where similar changes had taken 
already place in the 1990s. As the old Polytechnics of UK 
were succeeded by Universities, so in Greece TEIs are 
considered academically equal with Universities, at least by 
law. The legal change was accompanied by a moderate 
increase in course length, where the 3 ½ years long study was 
increased to 4 years of study. This change called for a 
redesign of the curriculum of all courses. The number of 
subjects taught increased and this change provided a chance to 
enhance existing course syllabuses and adapt to industrial 
needs with more specialized subjects.  
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A typical course formally and rigorously teaches students 
with the principles of the discipline to be studied in its first 
two years. Following this, students may have a choice of areas 
of specialisation to choose from. In addition, students have to 
complete a final project, where a thesis has to be submitted 
and have to be orally examined on it at the end.  

III. INTERNSHIP PRACTICE IN A TECHNOLOGICAL EDUCATION 
INSTITUTE IN GREECE 

As part of the academic programme, students are required 
by law to get a six month placement with a company before 
graduating. As students participate in internships they gain 
real work experience, which not only benefits employers but 
also provides a valuable complement to University education 
and an input to job counselling. 

TABLE I 
STUDENTS IN INTERNSHIPS BETWEEN OCTOBER 2010 AND JUNE 2012  

DEPARTMENT INTERNS 
DIETOLOGY& DIETOLOGY 71 
TOURISM & HOTEL MANAGEMENT 86 
MARKETING 28 
APPLIED INFORMATICS & MULTIMEDIA 94 
ELECTRICAL ENGINEERING 48 
ELECTRONIC ENGINEERING 95 
SOCIAL WORK 70 
ACCOUNTING 105 
MECHANICAL ENGINEERING 46 
MUSIC TECHNOLOGY & ACOUSTICS 51 
NURSING 57 
CIVIL ENGINEERING 77 
NATURAL RESOURCES & ENVIRONMENT 44 
CROP SCIENCE 47 
FINANCE & INSURANCE 42 
GREENHOUSE CROPS & FLORICULTURE 64 
 
Internship places can be in private or public firms and in 

the Institute laboratories, both in Greece and abroad. In every 
case, internship places are required to be approved by a 
departmental committee to make sure that work will be in a 
relevant area to the degree studied and the appropriate 
professional experience will be offered to the student. In the 
case of the Institute’s laboratories, a small number of selected 
laboratories participate in the internship programme, where 
the placed student will get professional experience from the 
consultancy or research work that these laboratories do for 
customers or from research contracts. It is usual for large 
private and public firms to announce their openings for 
internships of various disciplines in advance. Smaller firms do 
not usually contact the department with their openings. In the 
last two years, the Career Office of the Institute has been 
compiling a database of past and present firms that have 
employed students as part of their internships together with 
firms that have expressed their interest in the programme of 
industrial placement, so that students can use this information 
to look for internships. In every case, it is the student’s 
initiative that will find him/her the correct placement, as he 
will do for a job after graduation. 

Regulations state that undergraduate students need to have 
studied for 7 semesters and have finished 2/3 of the 

compulsory subjects and all the specialisation modules of their 
courses to be able to apply for an industrial placement. There 
is no grade or credits allocated to a completed internship, but 
remains a prerequisite to finish the degree. 
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 Fig. 1  Gender ratio of interns per department 

There is an Institute-wide Internship Office which oversees 
the programme and sets the rules, while departmental 
internship committees exist who are responsible for the 
running of the programme, the admission of students, 
communication with firms, and conclusion of the internships.   

Firms and the student sign an internship contract for the 
internship, and undergraduate students receive a remuneration 
for the course of the internship. It is also governed by law that 
the student gets 80% of the minimum salary of untrained 
personnel. This amount is equally shared by the state and the 
employer, while national insurance contributions are set at a 
special low rate especially for the internship contracts. The 
state funding is either paid to the employer who in turn pays 
the student at the end of the internship period, or through the 
ESPA Greek-European funded programme  which is managed 
by the Institute itself, in two-month installments during the 
placement period. The second option poses a lower 
bureaucratic load for the employer as it pays the student 
directly. A further differentiation exists for internship places 
in public corporations, where the student receives a much 
smaller amount equal to about 1/3 of that received at a private 
firm. In spite of this difference, due to economic problems that 
the country has been facing in the last three years, a 
considerable number of people do their internships in a public 
body, mainly due to the scarcity of openings in the private 
sector. 

Students must follow the company’s rules and regulations 
and should follow all relevant state health and safety 
regulations.   

The procedure to enroll in an internship is tightly regulated 
as the student is required to apply to the department he is 
coming from in advance for a specific internship place that he 
has been accepted to. The Internship Committee of the 
department reviews these and allows the internship to 
continue if the place is appropriate. The offer will need to 
have a job description which is directly related to the student’s 
course and the company will need to have an appropriately 
qualified employee to supervise the intern. If, for example, an 
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engineering student wants to become an intern in a 
consultancy firm, then the firm must provide consultancy 
engineering services at least, and not in finance, and will need 
to have an engineer in house o supervise the intern. Provided 
that these prerequisites concerning the internship exist, then 
the Internship Committee of the department assigns a member 
of staff to supervise the student as well. This academic 
supervisor is the contact point for the intern during his work 
and may visit the intern on site to ascertain his work, solve 
any problems should they arise etc. During the internship 
period, the student is required to keep a logbook of his 
activities, which includes reports from the company’s 
supervisor and the academic supervisor as well. This is 
produced at the end of the internship and is kept in file by the 
department. The students who are sponsored by the European 
progreamme are required to provide additional information in 
the form of questionnaires who assess the student, his 
performance and his views of the programme. The employer 
is asked to fill similar questionnaires to assess their views of 
the internships programme and the student’s performance. 
These questionnaires together with a similar form filled by the 
academic supervisor are part of the quality assessment 
programme of the internship programme. 
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Fig. 2  Area of placement per department  
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Fig. 3  Area of placement per department  

Academic supervisor are always permanent members of 
staff of each department and do not receive any remuneration 
for their supervision or their visits to the internship firms. 
There is no other official reporting mechamism for the 

internship programme in each department, except through 
contact with the academic supervisor. In the rare cases, where 
problems with the student or the firm do arise, the head of the 
Internship Committee sees to be resolved with the aim for the 
student to finish his internship in time and with the minimum 
disruption possible. It should be noted that student assessment, 
student and company feedback or details of the internship 
remain confidential and are not included in the Diploma 
Supplement that the Department issues with every degree. 

 

IV. RESULTS AND DISCUSSION  
A European funded internship programme, part of a wider 

life-long programme for the whole country, has been running 
in the Institute providing an alternative mean of student 
remuneration, travel expenses for academic supervisors, and 
resources for improved quality assessment of the internship 
programme for the whole Institute. Data from this enhanced 
internship programme for the period October 2010 – June 
2012 have been made available for this work. During this 
period 1025 undergraduate students were placed in six month 
long internships as shown in Table 1. 
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 Fig. 4  Internship firm type per department 
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 Fig. 5  Internship period per department 

The gender of the students that took internship positions 
reflects the actual gender diversification in the course intake, 
where certain subjects like nursing, dietology and social work 
are dominated in numbers by female students, while others, 
such as engineering subjects remain a male dominated area.   
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The TEI of Crete is a regional higher education institute 
with its main campus in Heraklion, the largest city of the 
island, and four other smaller campuses in the other four 
districts of the island. It draws a large proportion of its student 
population from every corner of the island, and a smaller 
number from other parts of the country. The student 
population consists of greek speaking students, with few 
foreign students attending courses run under the Erasmus 
European mobility programme, and who do not participate in 
the internship programme This lack of spatial diversity of 
students affects the places where the students to seek to get a 
placement. As it is convenient for students to look for an 
internship position near their home island, this affect the 
actual area of placement (Fig.2) for the internships, with a the 
majority of placements, of over 60%, being with a firm 
established in the island of Crete. With the exception of  three 
courses, dietology, marketing and acoustics, possibly due to 
the fact that their campuses are in small towns (in the case of 
dietology and marketing) where the availability of relevant 
internship places are very limited, and in the case of the 
acoustics course of the scarcity of relevant places in the whole 
island of Crete.. 

The majority of interns are over 25 years old for every 
course with the exception of Dietology, Marketing, Social 
Work and Applied Informatics, as shown in (Fig.3, reflecting 
the difficulty of the student to reach the end of their course. A 
large number of students are of average academic ability when 
they join the Institute which makes it more difficult for quite a 
few them to conclude their studies in time, and reach the 
internship stage as well.  

Individual Departmental set different eligibility criteria for 
funding by the ESPA programme, skewing in effect the 
distribution of interns to public and private firms. In Fig.4 for 
example, the Mechanical Engineering Department, for the 
period studied, allowed the ESPA programme to fund only 
private firm internships, and for this department the number 
stated for public companies places reflects this difference. The 
ratio of public to private firms is 2 to 1. In other departments, 
like Nursing, almost all of the interns are in public firms, 
mainly hospitals of the National Health Service. In the 
marketing, tourism and accounting courses the vast majority 
of undergraduates find internship places with private firms, 
reflecting the multitude of firms in this category, both locally 
and nationally. 

The distribution of the intake of interns during the year 
appears to be seasonable as can be seen in Fig.5, as a large 
proportion of students start their internships in the period 
October to December (for both 2010 and 2011) following the 
end of the September examination period, during Spring (for 
both 2011 and 2012), after the January examination period.  

V. CONCLUSIONS 
The experience drawn from running internship programmes 

for all courses in the TEI of Crete indicates that it is desirable 
for students as well as for firms to have internships. This 
extracurricular experiential learning practice provides real-life 
experiences to students, offers training, helps them identify 

long-term interests and goals, improve themselves, and above 
all improves their employability. 

It appears that undergraduate students do no show great 
mobility in their search for internships, and usually fit in their 
industrial placement in their academic schedule. In all cases, 
academic supervision as well coordination with the placement 
firms needs to be performed actively. It would be desirable to 
have full time staff assigned to these duties for improved 
efficiency and bigger option of placements for students as 
well as improved departmental visibility to employers. 
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Abstract— The Energy Performance of Buildings Directive 

(EPBD) and its recast aims to promote improvements in the 

energy performance of buildings all across Europe. In order to 

achieve this target, a crucial parameter is the proper training 

and knowledge of the personnel that will undertake building 

retrofitting actions. The REE_TROFIT project focuses on this 

category of professionals, in order not only to inform them about 

the requirements of EBPD, but also to help them improve their 

skills. This paper aims to present the REE_TROFIT project, as 

well as to focus on the training process of building professionals 

in Crete Island and finally to present the main conclusions 

obtained from the seminars organization and the participants’ 

feedback. 

 

Keywords— Energy efficiency, retrofitting, training, buildings, 

renewable energy sources (RES) 

I. INTRODUCTION 

The buildings’ sector represents 40% of the European 

Union’s (EU) total energy consumption. Reducing energy 

consumption in EU is therefore a priority under the “20-20-

20” objectives on energy efficiency. The targets of “20-20-20” 

objectives are: 20% reduction in greenhouse gas emissions by 

2020 compared to those in 1990; 20% integration of 

renewable energy sources into the final energy mix compared 

to the present 6.5%; an energy saving of 20% of the primary 

energy consumption in 2020 compared with the energy 

consumption on year 1990. 

The Energy Performance of Buildings Directive (EPBD, 

2002/91/EC) [1] was a major step forward through since 
Member States (MS) introduced requirements in order to 

achieve these objectives. The four key points of the Directive 

are (a) to provide a common methodology for calculating the 

integrated energy performance of buildings; (b) to set 

minimum standards on the energy performance of new 

buildings and existing buildings that are subject to major 

renovation; (c) to lay systems for the energy certification of 

new and existing buildings and, for public buildings, to 

provide prominent display of this certification and other 

relevant information; and (d) to determine the regular 

inspection of boilers and central air-conditioning systems in 

buildings, and in finally to study heating installations in which 

the boilers are more than 15 years old [2]. 

The Directive 2010/31/EU [3] was adopted after 

experiencing the implementation of the Directive 2002/91/EC 
in the MS. Under this new Directive, Member States must 

establish and apply minimum energy performance 

requirements for new and existing buildings, ensure the 

certification of building energy performance and require the 

regular inspection of boilers and air conditioning systems in 

buildings. Moreover, the Directive requires Member States to 

ensure that by 2021 all new buildings are so-called 'nearly 

zero-energy buildings'. 

In Greece, buildings account for approximately 36% of the 

total energy consumption, while, during the years 2000-2005, 

relevant energy consumption increased approximately 24%, 

which is one of the highest increases in Europe. In the year 

2010, the Greek Ministry of Environment, Energy and 

Climate Change (YPEKA) issued the “Regulation on Energy 

Performance in the Building Sector – KENAK”. KENAK 

outlines the general calculation method and overall approach 

that is in accordance to European standards [4],[5]. It 
introduces the use of a reference building for benchmarking, 

the requirements for Energy Performance Certificates based 

on an asset rating accounting for heating, cooling, ventilation, 

solar water heating and lighting, the minimum energy 

performance requirements and thermal envelope heat loss 

constraints. Finally, the energy audits of buildings, boiler and 

heating system inspections and air-conditioning inspections 

are also briefly elaborated [6]. 

In Greece, 3,700,000 buildings (89% of total) have no 

thermal insulation, so there is a huge potential of energy 

saving. One of the main reasons that Greek buildings consume 

so much energy is mainly because they are old and have no 

built-in state-of-the art technology, due to the lack of relevant 

legislation over the last 30 years. Moreover, most of buildings 

in Greece have problems related to partial or total lack of 
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thermal insulation, outdated technology of windows and doors, 

lack of sun protection on southern and western sides, 
inadequate use of available high solar potential, and 

inadequate maintenance of heating and air conditioning 

systems that is resulting in poor performance. For this reason, 

YPEKA, with the co-financing of the EU, promoted a package 

of incentives concerning energy efficiency measures in the 

residential sector, via “Energy Efficiency at Household 

Buildings” program [7]. Research that has been made for 

Crete Island has shown that if the 10% of the residential 

buildings perform retrofitting actions, the achieved CO2 eq. 

emission reduction will be in the range of 6–6.5% [8]. 

Existing buildings comprise the largest segment of the built 

environment, so in order to achieve the “20-20-20” objectives, 

it is important to initiate energy conservation retrofits to 

reduce energy consumption and the cost of heating, cooling, 

and lighting. However, one of the main issues for building 

retrofitting is the shortage of local qualified and accredited 

retrofitting experts. The Training on Renewable Energy 
solutions and energy Efficiency in reTROFITting 

(REE_TROFIT) project [9] focuses on this category of 

professionals, in order not only to inform them about the 

requirements of EBPD, but also to provide substantial aid in 

improving their skills. Partners from 6 MS participate in this 

project. REE_TROFIT vocational training courses are 

addressed to the following categories of professionals: 

constructor professionals, thermo hydraulic installers, and 

electrical installers.  

The aim of this paper is to present the objectives, the 

training process, and feedback of the REE_TROFIT project. 

The performed analysis includes data from all partners; 

however it is mainly focused in Greek activities, which took 

place on Crete Island. The structure of the paper is as follows. 

Section II describes the REE_TROFIT project: its structure, 

partners and training model. Section III presents data analysis 

of the project, whereas Section IV describes the evaluation 
results taken by the participants. Section V concludes the 

paper. 

 

II. REE_TROFIT PROJECT 

The REE_TROFIT project aims to contribute to solve the 

shortage of local qualified and accredited retrofitting experts, 
as foreseen in the EPBD and its recast - and as indicated by 

various European countries in an assessment by the European 

Commission (EC) - for increasing the energy performance of 

the existing building stock. 

The project is partly financed by the European Union under 

the Intelligent Energy for Europe Program (Contr. N. 

IEE/09/886/SI2.558310) with duration from May 2010 to 

April 2013. The total project cost is 1,562,004 €, whereas the 

EC funding is 1,171,503 €.  

A. Partners 

Table I presents the partners of the REE_TROFIT project.  

Nine partners from six MS (Italy, Bulgaria, Denmark, France, 

Greece, and Hungary) participate in this project. Among their 

responsibilities was the organization of the training seminars 

in their own countries. In Greece, the training seminars were 
organized by the Department of Natural Resources & 

Environment of the Technological Educational Institute of 

Crete. 
 

TABLE I 

PARTNERS OF THE REE_TROFIT PROJECT PER COUNTRY 

Country Partner 

Italy Lucense (Coordinator) 

Italy Chamber of Commerce and Industry of Lucca 

Italy Abita Interuniversity Research Centre 

Greece 
Technological Educational Institute of Crete – 

Department of Natural Resources and Environment 

Hungary The Bács-Kiskun County 

France Chamber of Commerce and Industry of the Drome 

Denmark Engineering College of Aarhus 

Bulgaria Bulgarian Chamber of Commerce and Industry 

Bulgaria European Labour Institute, Bulgaria 

 

B. Objectives and Activities 

The main objective of REE_TROFIT is the contribution in 

solving one of the major bottlenecks for increasing energy 

performance of existing building stocks, which is related with 

the shortage of local qualified and accredited retrofitting 

experts. This problem can be solved by setting up a large-

scale educational scheme and by fostering exchange of 

knowledge and best practices among participants. The 

activities that took place to achieve this include: 

 Definition of best practices for implementation and 

institutionalization of training  

 Preparation and planning of a European vocational 

training program 

 Improvement of training courses effectiveness and 

productiveness with an eco-building repository and other 
on-line tools 

 Implementation of 3 cycles of vocational training in the 

6 participating countries.    

 Development of a validation strategy for assessing and 

further fostering the impact of the project. 

 Definition and implementation of a communication and 

dissemination strategy to assure the maximum visibility 

C. Vocational Training Models 

The main requirements followed for the development of the 
vocational training models were:  

 to be applicable in different MS 

 to provide minimum uniform level of knowledge and 

professional skills  

 to offer high effectiveness 

 to address the training needs of the target groups 
Three different training programs (for construction 

professionals, electrical installers, and thermo-hydraulic 
Installers) were developed. These three “platform” programs 
were used as a basic matrix for the localization in each country, 
i.e. for the adaptation of contents, tools and methodologies to 
local climate, regulatory, market conditions, etc. The contents 
of these programs are presented in Tables II-IV.  
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TABLE II 

CONTENTS OF CONSTRUCTION PROFESSIONALS PROGRAM 

Section Content Hours 

1.Building 

retrofitting and 

energy savings 

- Site analysis; energy consumption 

analysis before/after intervention 
- General principles of an efficient 

building envelope  

- Energy efficient buildings local, 

national and EU regulations  and 
incentives 

- Sustainable retrofitting costs 

benefits analysis 

4 

2.Vertical 
opaque elements 

- Ventilated walls  

- Insulation: thermal insulating 

plasters; insulation (caulking) 
overcoat; high caulking structures  

- Thermal bridges: problems and 

solutions 

3 

3.Transparent 

elements 

- Glass typologies  (triple float 

glasses, low emission, sun 
protective glazing, etc.) 

- Double-glazed walls 

- Insulation and shading devices 

3 

4. Horizontal 

elements 

- Ventilated roof; green roof 

- Insulation; thermal bridges: 

problems and solutions 
- Acoustic solutions for floors and 

roofs 

3 

5. Integration 

among different 

construction 
systems and 

components 

- RES technologies integration on 

buildings 

4 

TOTAL 17 

 

TABLE III 

CONTENTS OF ELECTRICAL INSTALLERS PROGRAM 

Section Content Hours 

1. Energy 

efficiency in 

buildings: 
possible 

solutions 

- Technical elements that impact on 

energy consumption on buildings  

- Evaluation and choice of high 

efficiency energy plants  
- Economic evaluation (cost benefit 

analysis, energy pay back time 

(EPBT)) 

2 

2. PV panel 

design and 
installation 

- The photovoltaic generator and the 

different system typologies 
- System design and sizing 

6 

3. Cogeneration 

and tri-

generation plants 

- Co and tri-generation 
- Distributed generation and micro-

cogeneration    

- Turbines and Micro-turbines; 

working principles  
- Economic analysis;  specific 

technical regulations and 

incentives   

2 

4.Wind turbine 

- Wind energy: working principles 

and wind analysis  
- Wind turbines classification; 

where and when to install a wind 

1 

turbine; integration of different 

systems 

5. Energy saving 

lighting systems 

- Energy efficient lighting; use of 

natural lighting 
3 

6. Home 
automation for 

energy use 

optimization 

- Programmable thermostats, 
lighting control, ventilation 

control, solar shading devices 

control, etc. 

2 

TOTAL 16 

 

TABLE IV 

CONTENTS OF THERMO-HYDRAULIC INSTALLERS PROGRAM 

Section Content Hours 

1. Criteria for the 

calculation/verifica

tion of energy 

consumption in 
buildings 

- Technical elements that impact 

on energy consumption on 

buildings  
- Evaluation and choice of high 

efficiency energy plants  

- Economic evaluation (cost 

benefit analysis, energy pay 
back time (EPBT)) 

2 

2. Central heating: 

heat pumps and 

generators 

- Heat generators; condensation 
boiler; absorption heat pumps; 

co and tri-generation system   

- Specific technical regulations 

and incentives   

4 

3. Solar thermal 

- Solar radiation; solar panel 
working principles; system 

typologies  and sizing   

- Practical installation 

information; required 
authorizations to install solar 

thermal systems  

- Specific technical regulations 

and incentives   

3 

4. Biomass heating 

system 

- Biomass as renewable energy 

source; biomass conversion 
process: the combustion  

- Criteria for the selection of the 

optimal system; system sizing; 

installation and setting up  
- Cost benefit analysis;  specific 

technical regulations and 

incentives   

2 

5. Geothermal 

plants 

- Working principles and 

components; system sizing    
- Cost benefit analysis; specific 

technical regulations and 

incentives   

2 

6.Energy saving 

systems 

- Thermostatic radiator valves, 

etc. (heating/cooling control)       

- Heat recovery ventilation; 
underfloor, wall and ceiling 

heating and cooling systems  

- Specific technical regulations 

and incentives   

2 

7. Water recycling 
systems 

- Reuse of greywater and rain 
systems 

1 

8. Ventilation 
systems 

- Air quality control systems 
2 

TOTAL 18 
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Quality assurance is a continuous and complex process, 

where feedback plays a key role in reviewing the referenced 
criteria and indicators. REE_TROFIT model suggests a 

framework for assuring quality taking into account four 

interrelated elements (see Fig. 1):  

1)  Planning: REE_TROFIT model is based on the idea 

that quality in vocational training model is not primarily a 

technical issue, but it is always linked to specific policies, 

institutional or/and individual goals and objectives which 

should be achieved according to different time frames and 

local and national scenarios. Therefore, it was important to 

perform an evaluation and adaptation to current and local 

contest and needs. 

2)  Implementation: It is essential to establish key 
principles and procedures in order to ensure effectiveness in 

achieving the planned goals and objectives. It is also essential 

that objectives are transparent and that the procedural steps, 

including time-spans and tasks to be fulfilled are clear for all 

the relevant actors involved. Developing ownership and 

personal motivation amongst staff, trainers and trainees, are 

important pre-conditions to achieve coherence between goals, 

objectives and implementation. 

3)  Evaluation and assessment: REE_TROFIT model 
recognises the importance of a continuous evaluation of the 

training programme and assessment of the training outcomes 

at different levels. Additionally, it considers essential that the 

findings of the evaluation are provided to those concerned, 

including strengths, weaknesses, areas for improvement and 

recommendations for action. Moreover, the relevant 

stakeholders (i.e. current and former trainees, staff, employers 

and trade union representatives) should be involved in 

discussions arising from evaluation results. 

4)  Review: Quality assurance and improvement is a 
constant reviewing process combining self-assessment with 

evaluation based on a clear defined methodology supported 

also by external bodies and embracing feed-back and 

organising procedures for change. This activity represents the 

strongest phase of the process since it provides the inputs for a 

revision of planning, fine-tuning of quality objectives and also 

of quality management activities. 
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Fig. 1  Basic elements in REE_TROFIT training model 

III. TRAINING MODEL IMPLEMENTATION 

A. Overall Results 

The total number of participants in all courses of 

REE_TROFIT MS training programs was 1483. Off these 

participants, 1293 (87.2%) were successfully certified. Fig. 1 
shows the number of qualified professionals in each one of the 

MS. Electrical installers represent the 30.70% of total certified 

professionals, whereas thermo-hydraulic installers represent 

the 35.73% and construction professionals represent the 

33.57%. 
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Fig. 2  Number of qualified professionals in all MS 

B.  Results for Crete Island 

All training courses organized in Crete Island include 
theoretical presentation (Fig. 3), as well as practical 

demonstration (Fig. 4). The training programs have been 

implemented in the three largest cities of Crete Island (Chania, 

Rethymno, and Heraklion), and they were divided in three 

cycles. The fist cycle started on January 2011 and ended on 

December 2011. The second cycle started on January 2012 

and ended on August 2012. The third cycle started on 

September 2012 and ended on March 2013. The total number 

of implemented training programs were 17 (7 for electrical 

installers, 5 for thermo-hydraulic installers, and 5 for 

construction professionals). 

 

 
Fig. 3  Theoretical presentation of the training program content 
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Fig. 4  Practical demonstration of RES technologies operation 

 

Fig. 5 shows the number of qualified professionals for each 

training cycle of REE_TROFIT program. The total number of 

549 qualified professionals exceeded the target of 450 

professionals that had been set in the beginning of the project. 

As shown in Fig. 5, the greatest attendance took part during 

the second cycle (230 professionals). Moreover, the first cycle 

did not included training courses for construction 

professionals due to the variety of sub-categories involved. 
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Fig. 5  Number of qualified professionals in each training cycle 

 

Fig. 6 shows the distribution of qualified professionals in 

each city in Crete where seminar took place. The lowest 
number of participants in the city of Rethymnon can be 

explained by the fact that Rethymnon is a smallest city than 

Chania and Heraklion. From the total number of participants, 

it can be concluded that electrical installers represented the 

29.87% of total certified professionals, thermo-hydraulic 

installers represented the 36.98%, and construction 

professionals represented the remaining 33.15%. 
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Fig. 6  Distribution of qualified professionals in each Cretan cities 

 

IV. EVALUATION OF THE PARTICIPANTS 

After the implementation of each training course, the 

participants evaluated the training process, anonymously, 

regarding the following aspects: 

 Questions regarding the project 

 Evaluation of various aspects of the training process 

 Evaluation of usefulness into their every day work 

 Evaluation of completeness of presentations 

More specifically, the trainees are asked to evaluate using a 

scale of 1 (low) to 5 (high) the following aspects of the 

training. These questions are common for all three types of 

building professionals. 

 General opinion about the training courses 

 Acquisition of new knowledge and skills 

 Job usefulness 

 Adequacy of time dedicated to each topic 

 Capability to effectively apply the knowledge or skills 

on the job 

 Level of interest for the topics 

 Trainers’ evaluation 

For more information on the evaluation progress, the reader 
is referred to [10]. The evaluation of trainees for the third 

cycle of the training courses in Crete Island is presented in 

Table V. From the study of Table V, it can be concluded that 

the majority of trainees were satisfied from their training. 

More specifically, more than 86% of the participants felt 

satisfied with the training material. Moreover, the comparison 

of the evaluation results of the third cycle compared to the 

results of the first two training cycles [10], shows that there 

was a slight improvement in the majority of training aspects. 

Regarding each category of building professionals, 

construction professionals were quite pleased from the topics 

of the seminars and most of them agreed that the duration of 

the whole seminar should be 2 or 3 more days where also 

practical implementation of theory on buildings should take 

place. Electrical installers were also pleased from the courses’ 

attendance and agreed that more teaching hours in less used 

types of systems (as wind turbines or cogeneration plants) 
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should be included in future organized seminars. Finally, 

thermo-hydraulic Installers where satisfied from the offered 
program of courses since all trainers were engineers 

specialized in energy conservation and renewable energy 

exploitation techniques. Only 5% of all trainees were willing 

to get in the future further information and educational 

material in English, whereas more than 70% were willing to 

attend more seminars in the future in more specialized 

subjects concerning their professions. 

 

TABLE V 

EVALUATION OF COMMON QUESTIONS FOR THIRD CYCLE (ALL TRAINEES) 

Question Electrical Hydraulic Construction 

General opinion 

about the training 
courses 

4.6 / 5.0 4.2 / 5.0 4.6 / 5.0 

Acquisition of new 
knowledge and 

skills 

4.3 / 5.0 4.1 / 5.0 4.3 / 5.0 

Job usefulness 4.6 / 5.0 4.1 / 5.0 4.2 / 5.0 

Adequacy of time 

dedicated to each 

topic 

4.4 / 5.0 4.3 / 5.0 4.3 / 5.0 

Capability to 

effectively apply 
the knowledge or 

skills on the job 

4.0 / 5.0 3.9 / 5.0 4.3 / 5.0 

Level of interest 

for the topics 
4.1 / 5.0 4.3 / 5.0 4.6 / 5.0 

Trainers’ 

evaluation 
4.6 / 5.0 4.3 / 5.0 4.7 / 5.0 

 

V. CONCLUSIONS 

Many MS have courses at university level on eco-building 

and energy efficient technologies for buildings but lack 

courses on the vocational level. The REE_TROFIT project 

aims to fill in this missing link. The technicians’ attendance, 

as well as the evaluation of their training process, proved that 

the adopted methodology lies in the right direction. From the 

participants’ feedback, further improvements of the training 

process are suggested. These improvements include (a) focus 

of lecture content in specific characteristics of each area that 

they took place (for example, Crete presents increased 

earthquake potential and high values of humidity in large 

cities), and (b) use of some practical and free of charge 
software tools during the training process that could be given 

to all trainees (e.g., RETScreen software[11]). 
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Abstract— A new strategy was purposed and is being tested 

during this year, to increase students’ participation and promote 

continuous learning and students‘engagement in master’s 

courses classes. With the implementation of the Bologna Process, 

the spectra of students has increased, which increases the 

difficulties faced by the lecturers since these students present 

different backgrounds and knowledge, thereby increasing the 

number of hours necessary to assure the completion of the 

programs. A description of this approach which is being tested in 

three different universities in Portugal , is provided in this paper 

and some preliminary results are discussed. 
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INTRODUCTION 

In recent master’s courses, a diversity of students is 

present. Besides the normal students pursuing a 5 year 

study program (3years bachelor+ 2 years of Master 

studies), other students are present coming from 3 years 

Bachelor alone projects from other universities and 

backgrounds, presenting diverse capabilities, interests and 

basic knowledge depths. Trying to cater to the diverse 

needs of these students represents an additional challenge 

to the Professors, which are already facing difficulties, 

with the implementation of the Bologna process, with 

shorter semesters to deliver the same content as previously, 

while maintaining quality standards. 

In order to accommodate all these requirements, and 

increase students’ participation and promoting continuous 

learning and students ‘engagement, a new strategy was 

purposed and is being tested during this year. Since it is an 

exploratory project still going on, results will only be 

available in July/August 2013. 

The principle of this new strategy is simple and relies 

on an application of the Tuning project to the teaching 

praxis. Its goal is to engage the students in the 

teaching/learning process, by promoting them from 

passive, sometimes uninterested spectators, to active 

members of a team, where they can perform a variety of 

roles. 

 

 

STRATEGY DESCRIPTION 

 

The course was divided in a number of lessons whose 

content is split between presential classes and web instruction 

modules. 

 

A week before each class, a set of modules is posted in the 

discipline webpage, and must be solved prior to the class. 

These modules are short, but address essential points of the 

content of that class. In principle no student enrolled in that 

course can attend the class without submitting previously 

his/her answers to the modules’ contents. The answers must 

be delivered, until 24hours prior to the presential class. The 

teacher collects the answers, reads them, and gets an 

understanding of the problem areas underlying the student’s 

misconceptions and successful answers. 

 

In the classroom these documents are used as a starting 

point to engage the class in an active search for surpassing the 

difficulties, by promoting discussions, team work and 

competition between the various groups of students. The 

students feel engaged in the classroom activities which can be 

adjusted by referring to specific points which have proven 

difficult for the majority of students. 

 

Tutorial practices are an important part of this strategy, 

providing continuing support to the student. The difference in 
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this project is that the tutor is not necessarily the teacher, but 

can be also a fellow student or a work team. 

 

Although this project relies in web based assignments and 

communication, it is different from Distant Learning (DL) or 

Computer Based Training (CBT). The web is used primarily 

as a mean of communication, content organizer and probe to 

test students’ conceptions or misconceptions. The teaching 

process takes place in presential classes which are adjusted to 

fulfil the gaps in understanding, provided by the analysis of 

the assignments answers. 

 

 

PROJECT’S IMPLEMENTATION 

 

In order to compare results and get a global overview, 

although at a national level, of the success of this approach, 

Three classes were considered for this experiment: one at 

Lisbon, another one at Oporto and a third one at Coimbra. The 

subjects taught were also different since we wanted to 

compare the methodology for different knowledge areas. In 

Lisbon it was applied to 3rd  year students in the subjects of 

Applied Electromagnetics and Microwave Engineering; in 

Oporto, the same methodology was used in the classes 

of ………….and in Coimbra the approach was tested with 

Students from the … year of the disciplines……..A total 

number of…… students were involved in the experiment. In 

Electrical and Information Engineering these universities 

cover the majority of students in EIE, as can be seen from 

figure 1 where the location of the three universities and the 

number of students  pursuing an Engineering degree in EIE is 

shown. 

 
 

Figure 1- Universities engaged in this process in Portugal. 

So far, no statistical results were obtained since the 

semester will finish only by the end of June. From the 

qualitative point of view, a closer approach between students 

and lecturer was observed and the number of students engaged 

in a continuous evaluation scheme has increased. The 

approach was particularly effective in the lab classes, since it 

forced the students to prepare in advance for the laboratories, 

thereby increasing their ease with the lab instrumentation. 

 

Each class was divided in groups of 2 to 3 students, which 

can also act as coaching teams for their peers. This division 

required a preparation and coordination of practical and 

theoretical bench marks to be achieved in each session, in 

order to avoid differences in the extent of the subject covered 

with different tutors. 

 

It also requires experienced lecturers who can address all 

kinds of difficulties usually presented by the students. 

 

A database grouping FAQ’s is under construction, which 

will prove a very useful tool for future semesters. 

 

 

 

CONCLUSIONS 

 

The results so far seem satisfactory. There is an active 

participation of students, which have come to realize that the 

additional effort required from them, pays back in the 

short/medium term, because they enter the classroom better 

prepared to understand the concepts, and can use the 

classroom time to engage in a discussion of their difficulties. 

 

This strategy has proven very effective in the labs classes. 

The previous preparation of the labs practical work has 

increased students’ easiness with the equipment, a better 

understanding of the goals to be fulfilled at the end of each 

session. This allows the labs’ sessions to be shortened in 

duration since the time is used with more effectiveness. 
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Abstract— A more than two year long and successful R&D 

project was carried out in partnership with another university 

and companies interested in the automation of aggregate size 

analysis in the mineral industry, with an overall objective to 

provide real-time feedback to the plant and to decrease energy 

consumption. The kernel of the project is a 3D vision system 

which exploits both CPU and GPU capabilities of personal 

computers to provide real time analysis and further processing. 

The system currently acquires one 1536 by 3072 pixels image per 

second. Images are processed and analysed in real-time to extract 

approximately 150000 particles every hour. A history of each 

computed parameter is available through a database where all of 

them are stored. The main challenge was optimization of the 

code which is now successful and the provided processes are 

nowadays in use and well running since several months. 

 

The main young software-developer researcher of the project 

was offered the opportunity to make a presentation of his work 

to a group of computer science (CS) students in the context of an 

image processing and industrial vision course (Master 2 level). 

They learned about application design, image processing tools 

and subtleties, code optimization, state-of-the-art GPUs and their 

parallel processors. The harmony and efficiency with which 

knowledge from distinct domains was applied in his work led 

students to adopt and successfully implement optimization 

techniques throughout their lab assignment. 

 

Compared to previous years, the student’s achievements were 

significantly and positively influenced by the R&D point of view 

added to the course. It's also worth noting that computing 

students were particularly interested by the practical 

optimization concepts introduced during the presentation. 

Evidently, integrating theory from different courses into a single 

project presentation eliminates the singular difficulties and 

highlights the relevant features of each course. 

 

Every technical aspect of the R&D project and students 

achievements is described. 

Keywords— student’s motivation, cogolin, image processing, 

optimization, pipeline architecture. 

I. INTRODUCTION 

In our area, professors, teaching staff, researchers and 

students are actually working all together in the same building 

and such proximity should lead to multiple interactions 

between all of them.  

We nowadays consider that the interactions between 

students and teaching staff or between researchers and 

teaching staff in fact are real and strong, but that the 

interactions are somehow too rare or even inexistent between 

students and researchers. We aim at improving this last type 

of interactions for the reasons that will be deduced from our 

pedagogical experiment. 

Section II describes the experience of a researcher giving 

conferences to a public of students. The technical aspects of 

the research project are detailed in Section III. Section IV 

presents the unexpected achievements of the conferences and 

the analysis of the feedback of the students. This is followed 

by a discussion in Section V and finally, Section VI concludes. 

II. CONFERENCES FOR STUDENTS 

This topic describes the experience that has been held in 

November 2011 and November 2012. The main researcher 

and developer of the COGOLIN project had the opportunity to 

make a presentation of his outcomes to two groups of students. 

A. Audience 

The students are at the Master-2 level of Computer Science 

Engineering 

B. Context 

The conferences were given in the framework of a course 

which purposes are "Vision Systems". In fact, it is worth 
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noting that this course is not only about theoretical image 

processing and analysis but has been built upon the teacher's 

professional experience of real application design. So it 

includes, not in order, subjects like image acquisition, image 

resolution, optical design, lighting, exposure, calibration, real-

time acquisition and processing, performances, etc. 

C. What Were the Goals? 

During their Master degree, CS Students are always facing 

up to new problems to solve. Although these challenges are 

organised on the basis of assignments from real looking-like 

situations, there still exists gaps between labs and real 

applications. Considering such real-looking problems 

contributes to reduce these gaps, but unhappily the available 

hardware and equipment are sometimes poor or faint in the 

student's labs. 

In the meanwhile, Professors and researchers generally 

work side by side on innovative projects, machine design, and 

industrial integration. 

This situation leads us to the idea of organising a 

conference for the students with several purposes:  

 To exhibit a successful, applied and real project, 

 To show an up–to-date vision system hardware, 

 To help the students to be open-minded, 

 To promote the researcher’s work. 

It happens that these goals were hit and were even 

overpassed: very interesting pedagogical side effects were 

also observed. Let us first present the COGOLIN project. 

III. THE APPLIED SCIENCE RESEARCH PROJECT: COGOLIN 

A. Presentation 

In Belgium and especially in Wallonia where we live, the 

mineral industry still occupies an important economic place. 

With the popularity of the green movement that emerged these 

last decades, these industries must now face up to some 

important environmental challenges. The COGOLIN project 

(French acronym which means "Optical Control of 

Aggregates and Online Optimization of Installations") 

contributes to take up these new challenges. 

In this project, we work in close partnership with the 

GeMMe Department (French acronym for "Mineral 

Engineering, Materials and Environment") of the University 

of Liege (ULg). ULg is the promoter of the project.  

The COGOLIN project contributes to a sustainable 

development through innovative computer vision for the 

mineral industry. This new technique aims at analysing and 

measuring aggregates on conveyor belts in real-time. The real-

time feedback can later on be used to improve the quality 

control of the products, to optimize the production facilities 

and to reduce the overall energy consumption.  

In order to achieve the goals of COGOLIN, the project is 

divided into 3 parts which are Image Acquisition, Image 

Processing & Optimisation, and Result & Validation.  In this 

paper, we will only discuss the two first points. 3D 

Acquisition is the first one while the second one is focussing 

on the main work done in the project by our department at 

HEPL (section III.C). 

B. Image Acquisition 

This part of the research is focused on the 3D technology 

used to acquire images in the targeted harsh industrial 

environment. The selected technology is a 3D scanner based 

on laser triangulation. This type of scanner is the only one on 

the market that can deal with the constraints linked to the belt 

velocity, which can reach 3m/s in this domain. 

 

  
Fig. 1 Concept of the laser triangulation 

 

The principle of an acquisition by laser triangulation is 

pretty straightforward. As shown in Fig. 1, a laser beam is 

projected onto a scene and observed by a camera. When the 

scene is empty, the camera captures an image containing a 

straight line. This line is the reference line. When an object 

goes through the laser beam, a broken line is seen by the 

camera. Using the reference line and the broken one, the 

camera computes by subtraction the heights of the object. In 

fact, these heights correspond to a slice of the object and are 

localised at the position of the laser on the object. Several 

slices are acquired while the object is moving on the conveyer 

belt. The obtained image is called a "topologic", "range" or 

"3D" surface image. 

 

 
Fig. 2 Image acquired by laser triangulation 

 

C. Image Processing & Optimisation 

Image processing and its optimisation are at the core of the 

project. From a computer science perspective, both of them 

are well-known difficult problems. The first one consists in 
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the segmentation of the image while optimisation focuses on 

implementation and algorithms.  

1)  Image Processing: An important aspect of the research 

is centred on the image processing part and especially on the 

problem related to the extraction of the stones in the image. 

This extraction is called the image segmentation. 

During the research, several approaches of segmentation 

have been investigated. Some ones are based on previous 

works [1], [2], [3] and other ones are based on new ideas. All 

of the works were presented to the CS students' audience. In 

order to draw attention to the finally selected technique, a 

discussion was held about the underlying ideas of each 

method. We would like to highlight that the students learned 

advanced image processing techniques during the presentation 

without diving into the tedious underlying theory. 

 

 

Fig. 3 From left to right, the range image and its segmentation   

 

One of the predominant problems in image processing is 

the time. When analysing an image, each pixel must be 

processed. This implies millions of computations to be 

realised in a short amount of time. In our project, we have 

strict time constraints and a huge amount of incoming data: 

every second, an image of 1536x3072 pixels must be analysed. 

This leads to the next section, the optimization. 

2)  Optimization: Optimization requires reflection, time and 

skills. Due to a lack of time in the computer science 

curriculum, optimization is not really a priority and often 

overlooked. 

 It is widely spread in the computer science domain that, 

the easiest way to get better performances is to invest on 

hardware. We take the newest processors, graphics cards, etc. 

Nowadays, a lot of not specialised people are able to write a 

piece of code and make it functional but they cannot optimize 

it. This is why CS education is important. Hopefully, CS 

students are aware of this and we raised their interest by using 

the practical optimization concepts we hereafter introduce. 

Optimization requires reflection on several levels. 

Furthermore we pay special attention to the directly available 

tools and hardware. On one hand, we have a really high-

performance and well-known image processing library named 

OpenCv[4]. On the other hand, we own a personal computer 

with a decent multi-core central processor and an average 

graphics card. Here is a list of the optimization aspects 

covered during the conference. 

 Application design: exploitation of processor (Central 

Processing Unit, CPU) and graphics card capabilities 

(Graphics Processing Unit, GPU), 

 Code, algorithms and Intel©SSE2 instructions, 

 Memory management, 

 Pre-computed tables. 

 Optimization starts with the choice of the architecture for 

the application. It must be designed in a way that best fulfils 

its purpose: process image data. Optimal architecture design is 

the first step, and certainly the most important, towards the 

overall optimization. The choice was an architecture 

simultaneously allowing the use of the numerous cores of 

modern CPUs as well as a strong coding flexibility: the 

pipelining architecture. In the pipeline architecture, multiple 

operations are achieved in parallel. The idea is simple; each 

CPU core is assimilated to a pipeline. When a process needs 

to be executed, it is split into a sequence of independent 

blocks which is run by different pipelines. An example of 

pipelining is given at Fig. 4 which presents the simulation of a 

process by the pipeline architecture. The process is split into 4 

sequences (A-B-C-D). Only the last one requires the result of 

the three other ones. This fact imposes a constraint on the 

code: the first three sequences A, B and C must finish before 

D can be processed. 

 

 

Fig. 4 Example of pipelining 

 

In the example, it is important to highlight the obvious gain 

of a parallel architecture compared to a sequential one: two 

time cycles less for the total process. In the designed 

application, a block can still use OpenCv functions and even 

some of these functions have been successfully run in parallel 

with some tweaks. By opting for this architecture, all the 

advantages of the library and the multi-core CPUs are 

effectively exploited. A simple benchmark of the application 

performance through the architecture has been accomplished 

and the results presented to the audience.  It consists of a 

80ms simulated sequence of image processing divided into 

seven independent blocks injected during a 5 second period 

into the pipeline architecture. The results are shown in Table I.  
  

B C D

Core

1

2 B D

3 C

4

Cycle time 1 2 3 4 5 6

5 cycles times

Pipeline stage

A

Process

A
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TABLE I 

RESULT OF THE SIMULATION WITH A PROCESSOR INTEL©I5 M480 2,66GHZ   

@ 2 PHYSICAL OR 4 LOGICAL (HYPERTHREADING) CORES 

Process composed of Blocks time(ms) 

Image processing 1 1 5 

Image processing 2 1 5 

Image processing 3 5 70 

 

Number of cores Number of 

outgoing process 

Duration of a 

process(ms) 

1 61 80 

2 121 52 

3 174 43 

4 208 42 

 

The simulation has proved that when the number of used 

cores increases, the minimum theoretical time period of the 

overall process, which is 38 ms, is almost reached. 

Thanks to the abstraction that exists at the code level 

executed by a pipeline, GPU can easily be integrated.  In 

image processing, the increasing need to better use the GPU 

comes from four major facts: 

 GPU cores are faster than before, 

 Graphics cards are made of thousands of cores, 

 Image processing often consists of a repetitive and 

simple operation on each pixel of the image, 

 Programming on GPU is now more accessible thanks to 

GPU frameworks like CUDA[5], [6].  

Because each pipeline block is processed by a handler, we 

can choose to spawn the handler either on the CPU or on the 

GPU. This solution does not induce any side effect on the 

pipeline architecture and interlacing CPU/GPU processing 

does not require much tweaking. 

Despite the fact that the GPU gives better performance for 

some tasks, it can also decrease the overall application 

efficiency when a bottleneck appears at the GPU "entrance": 

the GPU can only be called once at a time. Since several 

blocks can require the GPU at the same time, every block is 

waiting its turn. The solution was to prioritize the use of the 

GPU and allow a block to fall back to the CPU when the GPU 

is not available. This patch prevents a block to be in a waiting 

state. 

 

 

Fig. 5 Comparison between CPU and GPU implementation of our custom 
edge detection (19 times faster than the CPU implementation) 

To get an in-depth optimization, the next stage is to 

investigate and analyse each block which is run by a pipeline. 

This implies that both algorithms and coding optimization of 

non-library functions must be faced. 

We explained to the CS students' audience in which way 

the code optimization must be achieved. Happily, not all the 

blocks must be rewritten or redesigned. Block weaknesses 

evaluation must be done in order to meaningfully improve the 

overall process performance, i.e. optimizing a 0.001 second 

lasting block so that it runs twice faster is not at all that much 

efficient on the overall than running twice faster an initially 

5 second lasting block. In order to point out which block has 

to be rethought, each of them has been evaluated in term of 

time consuming process. This has permit to work on the block 

which are the most significant and to progressively reduce the 

overall analysing process time step by step until our time 

constraint is reached. 

Rethinking algorithms to fit our need is the core of the 

optimization done while the code optimization lie more into 

the use of SSE2 instruction set from Intel© processor. This set 

of instruction allows achieving vectorial operation in parallel. 

The code optimization was made in a logical way: the 

easier tasks to the more difficult ones, while considering that 

the benefits must also be the highest. In term of task 

complexity, we order them towards lowering complexity: 

 code optimization, 

 Intel©SSE2 instructions, 

 algorithms. 

Only the two last tasks have been taken into consideration 

because code optimization is a heavy, complex and lasting 

task, i.e. very costly, which can only be justified in some 

particular cases. It mainly consists in analysing and re-

designing the assembler code which is executed by the 

processor so that time execution is minimized. This is a 

tedious work and its cost efficiency is much less than what 

can be accomplished at a higher programming level.  

Optimising at first the algorithms and then using the 

Intel©SSE2 instructions was enough to reach the required 

performance.  

Memory management and pre-computed tables are minor 

optimization tasks in the sense that they are the easiest ones to 

implement but they are not providing the most improvements. 

Memory management concerns allocation and release of 

memory. These are time consuming instructions that are to be 

avoided: the needed memory is allocated at the start of the 

application and is released when the application is stopped. 

Pre-computed tables permit to avoid redundant operations, 

by memorising once for all the required computed results 

which are later on accessed any time they are needed. This has 

mainly been used for the image calibration of the acquired 

image by the 3D scanner [7]. 

Fig. 6 presents the total optimization process based on 

algorithms and SSE2 instructions (1 pipeline is used). It 

compares the performance of the first version of the 

application (Cogolin V1) with the optimized one (Cogolin V2). 

Cogolin V1 analyses a 1536x6144 image in 25 seconds while 

Cogolin V2 achieves it in 4 seconds: 
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Fig. 6 Comparison between Cogolin V1 and Cogolin V2 

 

The goal of the optimization process which was to analyse 

a 1536x3072 image per second is reached. In practice, 

analysing such an image takes less than 2 seconds. Thanks to 

the pipeline architecture, this duration of process is enough to 

analyse all the images. Fig. 7 shows an example of how the 

pipeline stage interacts with incoming images. Considering a 

block as the total image process time (2 seconds) and an input 

rate of a 1536x3072 image each second, the pipeline stage 

evolution is as follows: 

 

 

Fig. 7 Evolution of the pipeline stage 

 

All in all, the pipeline architecture combined with the code 

optimization permit to analyse all the acquired images. 

IV. RESULTS 

Different media supports were used during the 

presentations: slides, pictures, images, benchmark results, 

videos of the online industrial process and finally a small 

tutorial about GPU programming with CUDA. 

D. Students Reactions 

We got the expected interest from the first group of 

students when the research was only a one year old project. 

CS Students only got a summary of general considerations 

about a real 3D vision system.  

The second and last experiment over hit our aims. The 

second group of students attended an in-depth conference 

when the project was 2 years old. This led them to 

successfully work out the newly learnt techniques directly in 

their labs or thesis, especially the use of GPU and CUDA. 

E. Students Survey 

By then, we decided to enquire about how the conferences 

affected their motivation. The survey contained some 

questions focused on general information on conferences 

while others were trying to highlight changes in their attitude. 

Here are the main results: 

 They like new technologies and the fact that a real 

project was presented.  

 The fact that conference was given by the researcher 

himself was considered positive because he knows the 

project in depth. 

 They appreciated the presentation because they had 

enough prerequisites to understand it and because of 

the presentation quality. 

 They think that conferences are an easy way to help 

them to be open-minded. 

 Optimisation is not only relevant in image processing. 

They linked it directly to efficient applications in data 

bases management, real-time applications, etc. 

 They were already aware of memory and code 

optimization, but less by design or hardware. 

 They were impressed by the reached performances 

which makes the 3D Vision System a real-time one. 

 Finally, they are interested in attending more 

conferences especially in computer science to improve 

their competencies and abilities. 

V. DISCUSSION 

When we decided to organize these conferences, we didn't 

expect so much interest from the students. According to R. 

Viau's research [8], [9] the motivational dynamics driving 

student's motivation could be defined by ten most important 

conditions out of which at least five were covered by the 

conference: 

1)  Be Meaningful to the Students: the conference was 

organised during the last theoretical course. At that 

moment, the students were preparing to start their labs and 

they were beginning to design. 

2)  Be Diversified and Integrated with other Activities: the 

conference was considered as an activity inside the course. 

It was about new technologies, image processing, 

algorithms, optimization, geology, etc. 

3)  Be authentic: COGOLIN project is a successful real 

project. 

4)  Require cognitive engagement: the student has received 

the entire prerequisite to help him/her to understand the 

concepts discussed during the conference. At the end 

he/she could ask for questions. 

5)  Be interdisciplinary: As previously said, it was about 

new technologies, image processing, algorithms, 

optimization, geology, hardware, etc. 

Activities integrated into the course were already giving 

value to most of Viau’s conditions. Among them, one in 

particular was enhanced and could be connected to the 

conference: “Make the student be aware of making choices”. 

Indeed, students directly applied in their different assignments 

the advanced techniques provided by the conference. 

Core
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4

Time (second) 1 2 3 4 5 6

Image 1536x3072

Process time : 2 seconds

Image 5
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Image 1

Image i

Image 2
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VI. CONCLUSIONS 

Clearly, up-to-date research conferences are cost efficient 

vehicles of knowledge transmission but unfortunately, they 

seem too often underestimated. In [9], Viau concludes by "For 

the majority of university students, the profession of 

researcher remains unknown" which seems to confirm this. 

The integration of the researchers into the pedagogical 

teams should create new dynamics. The researcher gains 

visibility from the community while students take advantage 

of the researcher’s experience and get motivated.  

The image of the researchers must evolve. The common 

“publish and perish” fact is a time bottleneck but time is 

needed for creativity and innovation which is the core of the 

researcher’s job. A good compromise between the 

researcher’s implication within the community and his 

research must be found. Everyone’s motivation should 

directly benefit from this.  
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Abstract—Mobility has become one of the most important goals 
in Europe and worldwide in recent time. Different projects and 
programs (Erasmus, Erasmus Mundus, CEEPUS, etc.) support 
the mobility of students, teachers and staff. For students and 
teachers, the main goals of mobility are learning and teaching in 
different cultural and lingual environments, as well as learning 
languages and benefiting from cross-cultural experiences. In 
general, neither students nor teachers are prepared for active 
participation in new cultural and lingual environments. 
International relation offices mostly take care on lingual 
preparation of students and sometimes also cultural education is 
included but rarely any preparation for teachers and staff is done. 
Do the teachers and staff do not need it? Or do they not want to 
do it?  

 

Keywords- Mobility, cultural awareness, intercultural dialogue, 
lingual preparation, intercultural preparation, e-learning tools, e-
learning courses 

I.  INTRODUCTION 
The Erasmus program was celebrating in 2012 its 25th 

anniversary of activities. Actually it is among mobility 
programs supported by European Commission the most well 
known mobility program. More than 2.2 million students have 
participated in the program as well as 250.000 teachers and 
other staffs have been taking part in the Erasmus mobility since 
1987, when this type of mobility was started.  

Erasmus is supporting the mobility of participants in 
different activities. The main point out for all participating 
categories are not so much on academic and professional fields, 
but much more on improving languages, collecting 
intercultural skills and last but not least improving self reliance 
and self awareness. The numbered benefits (lingual and 
cultural skills, self reliance and awareness) are mostly the main 
problems with which participants have to engage if they are not 
prepared for mobility, especially from the intercultural point of 
view.  

In our contribution we will concentrate this time on 
teachers and staff mobility. 

In the Erasmus program, teachers can be involved in three 
different situations: as teachers at home institution teaching 
Incoming Erasmus Students, as teachers on Erasmus Teaching 

staff mobility and as hosts of guest teachers – Incoming 
Erasmus teachers.  

We have to consider also virtual mobility as a separate 
issue. This type of mobility will gain on importance in the new 
program Erasmus for all, which will support this type of 
mobility. In virtual mobility students and teachers do not meet 
each other face to face at all and the lingual and intercultural 
diversities can be even become aware stronger. 

In the case of staff mobility, the situation is slightly 
different. If staffs are experts like researchers, it is mostly easy, 
because hosts and guests are concentrated on expert topics, 
where they are usually also quite familiar with expert oriented 
language and also expert culture is dominant and probably 
general lingual and intercultural preparation is less important. 
But if staff is administrative staff from the international 
relations office or student office for example, they are 
confronted with a similar situation as teachers. First of all, they 
have to do with incoming students, then incoming teachers and 
staff. On mobility, they have to cope with own hosts as well as 
possible incoming students, teachers and staff. Lingual and 
intercultural preparation is therefore probably the most 
important. Namely if it is “normal” to expect that students need 
intercultural preparation, then it should be “normal” that 
teachers and staff need it as well. 

In the paper we will present concepts and possibilities of 
intercultural preparation for mobility of teachers and staff. 
Besides the basic introduction of concepts of intercultural 
preparation, we will introduce also learning tools and 
environments that we are suggesting it as tools for the 
preparation process of teachers and other staff. 

At our institution is in carrying out is also a questionnaire 
for staffs and teachers about the needs for intercultural 
preparation and we will report some descriptive results about 
collected data. 

II. CONCEPTS OF INTERCULTURAL PREPARATION  
To organise successful preparation of teachers and staff, we 

have to decide which concepts are the most important and have 
to be included into the teaching program. In this chapter we 
will point out the following: culture, cultural shock, cultural 
awareness and cross cultural communication, which 
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understanding, background and daily use have to be a goal of 
teachers and staff basic intercultural preparation.  

For most of them we have more definitions and a lot of 
literature written by recognised authors.  

Culture is a familiar word in any community. It is 
recognised as an artistic activity, as a culture from a social, 
philological or anthropological point of view. Culture is also 
known as a culture of groups, societies and countries. The 
world itself has grown over the centuries to reach its currently 
broad understanding [8]. Nevertheless, culture is not something 
that we simply absorb; it is something that we have to learn. 

 “Culture is a collective phenomenon, because it is shared 
with people who live or lived within the same social 
environment. Culture consists of unwritten rules of social 
game. It is the collective programming of the mind that 
distinguishes the member of one group or category of people 
from others” is definition written by Hofstede [6]. Another well 
known author Lewis, describe culture as an integrated pattern 
of human knowledge, a core belief, and a behaviour that 
depends upon the capacity for symbolic thought and social 
learning [7]. Culture also refers to the cumulative deposit of 
knowledge, experience, beliefs, values, meanings, hierarchies, 
religion, notions of time, roles, spatial relations, concepts of the 
universe and material objects and possessions acquired by a 
group of people in the course of a generation through 
individual and group striving [4].  

Whenever people adjust to cultural differences, they can 
better face challenges and become better in their own 
profession [5]. One of the most recently published sources 
presents culture as a particular way of life for a group of 
people, comprising the deposit of knowledge, experience, 
beliefs, values, traditions, religion, notions of time, roles, 
spatial relations, worldviews, material objects and geographical 
territory [9]. 

Besides culture, we recognised as concepts of intercultural 
preparation also some other terms. First of them is the culture 
shock. Culture shock is closely connected to culture and leads 
to feelings of disorientation and anxiety that a sojourner 
experiences when familiar cultural norms and values governing 
behaviours are questioned in a new cultural environment [9]. It 
is simply a common way to describe the confusing and nervous 
feelings a person may have after leaving a familiar culture to 
live in a new and different culture [10]. It is natural to have 
difficulty adjusting to a new culture. People from other cultures 
may have grown up with values and beliefs that differ from our 
own. To understand culture shock, it helps to understand what 
culture are [10], but still the real life situation can surprise 
anyone.  

One of surprises can be also of reverse cultural shock, 
which can appear by our return into own culture and all seems 
different as before. Mostly people do not expect this on shorter 
term, but already a short visit can cause it. 

Further, one of vitally important terms is also cultural 
awareness. No or poor cultural awareness means a poor 
understanding of cross-cultural dialogue, which can  lead to 
blunders and damaging consequences, especially in business, 
management and advertising, where cultural awareness seems 

to be of key importance for success. Namely not respecting 
cultural norms and differences in advertising can mean even 
business disaster.  However, engineering, medicine and many 
other areas are also not immune to it [7].  According to the 
definition, cultural awareness involves the ability of observing 
our cultural values, beliefs and perceptions from the outside 
[10]. We have to understand that people from different cultural 
societies can see, interpret and evaluate things in different 
ways.  

Important connection between two concepts of intercultural 
preparation (culture and cultural awareness) is presented by 
cultural levels. Within the concept of culture, different levels 
can be introduced [8]: culture in societies and nations, regional 
and local, business cultures, organizational and corporate, 
functional subcultures at the organizational level, social groups 
in the organization, professional and functional cultures. The 
numbered levels contain subgroups, or rather, specific cultures 
according to social life, geographical location and business 
domain, including enterprise and organizational culture. Such a 
definition of culture is probably more comprehensible to 
engineers and other business and technical groups because they 
are more familiar with this presentation of culture. 

After getting familiar with the most important and basic 
concepts of intercultural preparation, we also have to mention 
cross-cultural communication, which means the acceptance of 
different cultures - intercultural understanding: “The 
understanding is the first step towards acceptance” [9]. The 
biggest benefit in accepting cultural differences is that cultural 
diversity enriches each of us. 

III. LEARNING TOOLS AND ENVIRONMENTS 
Teachers and staff that we would like to incorporate in the 

preparation process are mostly quite busy people, with 
probably no special interest to participate in the intercultural 
preparation. Even more, some of them believe, that they are 
traveling a lot and they do not need any intercultural 
preparation, while the other claim that they do not have to do 
with incoming student or only briefly on a strict defined 
problems and for that reason for them the intercultural 
preparation is just waste of time.  

This is just showing some stereotypes, which are 
unfortunately very much alive and can prevent the suggested 
process, also because persons from both groups are also not 
prepared to be for a short time “learners”, to acquire mentioned 
knowledge. In some cases also some lingual problems can 
appear or they are present behind all numbered problems. 

Because of all that it would be reasonable to enable 
preparation that would have understanding for all above 
numbered problems (lack of time, not seating in the class room, 
being already cultural prepared). According to our experiences 
and available results, this can be achieved by using VCE 
(Virtual Centre for Entrepreneurship) of the ELLEIEC project.  

The ELLEIEC project [3], (Enhancing Lifelong Learning 
for the Electrical and Information Engineering Community) 
was the EU project from the Lifelong Learning Programme. 
The project started in October 2008 and finished in March 
2013. It was coordinated by the Université Claude Bernard 
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Lyon, France. 60 partners from all over Europe (30 countries) 
were participating in the project. The project established, as an 
important output, a virtual education centre for the 
development of enterprise skills and competencies. The centre 
is named the Virtual Centre for Entrepreneurship (VCE). The 
centre is preparing intensive vocational courses primarily for 
employer learners with workload ranges of 1 or 2 ECTS. 
Through this opportunity, learners have the chance to develop 
their competences in small pieces (steps) as and when they 
need them or as a part of an overall learning strategy.  

The VCE is also multilingual oriented. The decision to 
make the presentation in different languages was made on the 
basis of different partners’ language groups as well as for 
future needs. After the project is finished now, we would like 
to attract possible learners to take part in educational 
possibilities. Without the language barrier, the marketing 
seems to be more successful. Besides the presentation of the 
welcome page in “major” languages to reach as many 
candidates as possible, we were also motivated to show a 
welcome for “small” language groups. This was done to 
motivate them additionally, since even if the courses are mostly 
available in the “major” languages, we are aware of their 
differences and their importance for the community.  

In the virtual centre, we also paid heed to culture. The 
importance of culture in our virtual educational centre was 
mostly taken into account as built-in knowledge in expert 
courses for electrical and information engineering, as well as 
for special courses that should already at the beginning help 
learners understand the importance of the topic and make them 
aware about the importance of culture in information society, 
global communications and social media. One such course is 
also the Cross Cultural Communication (CCC) course.  

The Cross Cultural Communication course was developed 
in the educational e-environment Moodle. Because of project 
needs, the course is written in English, which is common for 
the project, i.e. the main language. In VCE, we expect that 
learners and teachers will come from different countries and 
that both have to be aware that they are communicating in most 
cases in national environments in different languages and are 
connected to different cultures. Although it may seem that 
European cultures are very similar, they are not the same.  

Because we have to work with small learning blocks (1-2 
ECTS) we will be able to present in the CCC just basic 
concepts, which should help in the understanding of 
intercultural dialogue. Those basic concepts are: What is 
culture, Culture Shock, Who is Normal, Cultural Categories, 
Linear-Active and Multi-Active Cultures, Reactive Culture and 
Intercategory Comparisons. Each of these concepts is presented 
by Keywords, Examples and Explanations and Learning 
Activity. However, for the module (course) we also have to 
prepare the specifications, which is a guide for the learner to 
make a final decision about taking part in the course or not. In 
the specifications we present the title, short description, 
keywords, level (introductory, intermediate, advanced...) and 
also aims (goals), learning outcomes, learning sources as well 
as a formative and summative assessment. The last ones are 
very important because it is on their basis that the final 
confirmation about the learner’s successfulness is given.  

Short presented VCE and the CCC module are not only 
available tools. Different project groups (ValeurTech [1],[2], 
EU-Placements.de) and universities have produced similar 
more or less e-learning supported tools and environments, 
which are either available for closed communities inside 
project groups  or universities but some are also trying to get 
on the market as commercial tools.  

IV. INTERCULTURAL PREPARATION 
ELLEIEC VCE and CCC we presented as a possible e-

learning tool to support teachers and staff intercultural 
preparation. As a matter of fact CCC is just a very basic e-
learning course (module), but can be upgraded for needs of 
teachers and staffs preparation or/and additional e-learning 
courses (modules) to deep the intercultural knowledge can be 
added and developed. 

Presented tool is e-learning tool. Two of the most important 
advantages of using e-learning tools in our case are that 
teachers and staff (learners) can use it when they have time and 
are prepared to learn and the second one may be even more 
important, they do not need to visit the classroom and showing 
their lack of knowledge. Even more, if they are aware of 
importance of intercultural preparation and believe that they 
are enough experienced and have enough knowledge of the 
topic, they can do self-testing, passing some available tests 
and/or exams and evaluate the level of the knowledge. They 
can be also quite free in selecting or not selecting support of 
teachers in the system or just doing all themselves. 

Above we suggested as the best possibility according to 
numbered limitations e-learning tools and environments, but 
also classical face to face teaching is a good choice for all those 
who prefer this way of learning and cooperation. Of course it 
has also benefits, because we can discuss directly and 
immediately, we can tell our own experiences and expectations 
and similar. Whatever it is not the question if preparation is 
needed or not but only how it has to be realized. We have to 
follow the slogan “Intercultural preparation for all”. People 
should become aware that they need such preparation and they 
should decide to do it and on what way (using e-learning tools, 
participating in classroom courses and workshops, reading 
books,…). 

To find out at our institution what are needs and 
expectations of teachers and staff and on what level is the 
awareness of them for a need of intercultural preparation, we 
prepared  a short questionnaire, that have to be full field by all 
involved in mobility in the brother sense (also researchers are 
invited to participate). The questionnaire is available 
electronically and is still running, so we can offer only first 
grave results. Most of participants are not interested in 
intercultural preparation. Usually they mean that they do not 
have time for it and that they do not needed it, because either 
they are experienced or they are not working or they will not be 
involved in mobility and exchange issues (their perception). 
This means, that so far results are expected. We hopped that 
our estimation is wrong and that we can expect more interest of 
teachers and staffs for this kind of preparation. Unfortunately 
just the minority of participants agree that also teachers and 
staffs need intercultural preparation for mobility. As mobility 
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we do not understand only teachers and staffs going abroad, 
but also all those who have to do with incoming students and 
teachers. This means that much higher number of people is 
involved and should be aware of those needs. 

V. CONCLUSION 
As we argue in the previous chapter, it is not the question if 

teachers and staffs preparation is needed; it is the fact that is 
needed for all. With this contribution we want to show 
importance of intercultural preparation for all involved parties 
and beyond, showing the basic concepts, that are needed and 
ways of preparation, with the point on e-learning.   

For the future, we have also to know, that virtual mobility 
is gaining on importance and in the situations where people do 
not meet each other face to face, the importance of intercultural 
preparation will increase. More language skills will be needed 
and all participants have to be aware, that they are participating 
in the same surroundings on same topics, for same goals, but 
that they are different by cultures and that this can influence 
processes in which they are involved. The similarities of 
involved parties are not enough to avoid problems. The 
differences are those on which we have to pay attention and be 
aware of them. 

At last but not least we are expecting results of the 
questionnaire currently carrying it out at our institution. We 
mentioned some first grave results in the paper. With the 
support of full results we would like at our institution to 
increase the amount of interesting people for intercultural 

preparation and offer them varieties of possible trainings from 
reading books – offering literatures up to enabling using e-
learning tools. 
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Abstract— An “internationalized” bachelor (actually last year of 
a bachelor course) has been launched in September 2007 in 
Grenoble. From this time, around 15 students from all around 
the world spent each year a complete academic year in Grenoble, 
in a multicultural environment, in order to pass a French 
“licence professionnelle” (Professional Bachelor) taught in 
English in the field of wireless networks and security.  Under 
some circonstances, some of the students get the possibility to 
obtain the French diploma. 
The adaptation of the curriculum content, the multicultural 
environment for the academic project as well as for social 
activities, and the international recruitment process are 
important aspects to deal with, and will be explained in the 
paper. 
 
Keywords— Electrical and Information engineering – 
multicultural aspects – double diploma – international 
programme -  networking and telecommunications – Exchanges 
of students 

I. INTRODUCTION 

Taking account of the experience in the international 
thematic networks activities (THEIERE [1], EIE-Surveyor [2], 
ELLEIEC [3]), Univ. Grenoble Alpes has taken the 
opportunity to launch in September 2007 an international 
programme at the Bachelor level in Networking and 
Telecommunications [4]. This international programme is 
built around a classical accredited programme called “Licence 
Professionnelle en Réseaux Sans Fil et Sécurité”.  

This international programme has been built around an 
international consortium, and has been used as a feasibility 
benchmark during the ELLEIEC thematic network [3]. 
Something which has been implemented, thanks to this 
experiment, is the possibility for the students received in 
exchange programmes (for instance ERASMUS students in 
Europe) to get the French “licence professionnelle”, together 
with the diploma prepared in the home institution. This is 
actually a strong added value to the ERASMUS experience, 
acting also as a guarantor of good teaching quality and student 
involvement, since the fact to validate the French diploma 
together with the home institution one, implies generally that 
the student works really seriously..... 

The second section presents the programme, then some 
aspects of the multidimensional dimension are explained. The 
fourth section explains the possibility to get the French 
diploma for some exchange students, explaining the rules. 
Section V gives more input about the categories of students. 
Section VI discusses the added value of mobility of teachers 
whereas section VII presents the communication strategy. 
Section VIII deals with discussions on difficulties and 
successes. 

II. PRESENTATION OF THE PROGRAMME 

In the French system, a bachelor programme is a three-year 
programme (180 ECTS). We have “internationalised” 
(international recruitment, multicultural approach, courses 
given in English, teaching of FLE (Français Langue 
Etrangère)) the third year only. This programme was 
presented before [4]. We can remind that the programme is 
composed of generic courses (FLE, English, Project 
management, Internet law, Communication skills), basic 
technical and scientific courses (Networking, 
Telecommunications, Databases) and advanced scientific and 
technical courses (mobile communications, wireless networks, 
security of networks). The programme is also composed of an 
academic project (explained also in the section dedicated to 
multicultural aspects) as well as an internship either in a 
company or in a research lab. 

III. INTERNATIONAL AND MULTICULTURAL DIMENSIONS 

The students come from various countries and continents 
(see also section V).  

The list of languages below shows how many mother 
tongues were the ones used by our international students, 
during this six-year period (you can try to guess which are 
these languages, and there is one intruder…): 

Bienvenue ! Υποδοχή ! 欢迎光临  ! Witaj ! Bienvenido ! 
Bem-vindos! Èkaabo! Karibu ! Tervetuloa ! Vitaj ! товчхон ! 
Dobrodošli! Hoş geldiniz ! ! ھال اھال  ! Bonvenon  وس

환영합니다 ආදරෙයන් පිළිගැනීම  वागत  நல்வர  خوش !

 ! Woezo ! Welkom ! دیآمد
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The first aspect is that English is the common language. 
French students attending the international class knows that 
they should interact with everybody, including other French 
students and teachers, in English. For non-French speaking 
students, it is encouraged to develop skills and capacities in 
French, and in this case interactions in French are encouraged, 
despite they’re generally not really usable before January 
(which means at the end of the fall semester). 

A second aspect of the internationalisation is to balance 
home institutions of students (generally not more than two 
coming from the same institution and not more than three 
from the same country). International students come to France 
also to have interaction with Frenchmen, and Frenchmen may 
have an interest also in participating in an international 
English-taught programme in order to get an accredited well-
known and recognised French diploma. It is one of the reason 
why we consider to recruit 3 to 4 French students in the 
international class each year.  

A third aspect is the induction week. During the first week 
of class, we propose specific activities like “administrative 
aspects”, preparation for each student of a presentation of 
her/his country, academic system, etc… At the end of the 
week, there are formal presentations of the students about 
their country. It is interesting because we can check the 
communication  and linguistic capabilities, it is also a time 
where students are together, “induced” in order to be part of 
an actual group, and not a poor international student lost 
somewhere in France alone. 

A fourth important aspect is the academic project. The 
academic project consists in the design, installation and 
validation of a secured-networked architecture. It  is mainly a 
technical project. But the students work as a team of 6 
students split into 3 sub-teams of 2. One of the rule is that 
each sub-team is intercontinental, so the team is completely 
international. The students have to manage their project, in the 
international environment which is the reality of the group, 
this is sometime an excellent and not easy exercise for 
students. 

IV. POSSIBILITY TO GET THE FRENCH DIPLOMA FOR EXCHANGE 

STUDENTS 

 
Fig. 1  Diploma obtained by students, 29 % obtained a double diploma 

In order to give an added value to the international 
exchange experience, we have decided to give international 
students the possibility to pass the French diploma. The rule is 
quite simple: students come with at least a two-year of a 
bachelor programme passed in networking and 
telecommunications or a relative field, in this case they are in 
the same situation as classical French students, so if they 
succeed in our international programme, they get the French 
diploma. From 2007-08 until now, international students 
coming from Liège (BE), Krakow & Gliwice (PL), Prague & 
Ostrava (CZ), Kosice (SK), Vigo and Valencia (ES), Helsinki 
(FI), Crete (GR), Groningen (NL) passed as ERASMUS 
students the French diploma at the same time as diplomas in 
their home institution (sometimes students need an extra 
semester in their home institution depending on the percentage 
of recognition of the French classes in the home institution 
curriculum). Brasilian students from CEFET Minas Gerais 
also obtained the French diploma, within the frame of a 
memorandum of understanding for exchanges of students. We 
are at the moment working on a memorandum of 
understanding with a Malaysian institution, to enlarge our set 
of partners. 

Fig. 1 shows the figures about students. 89 students are 
considered in this figure (all the registered students from the 
beginning (see section V for other figures on recruitment)).  

17 % are the 2012-2013 students so we should wait to see if 
all of them or only some will pass the diploma, but we know 
that among these 15 students, 7 are registered for a double-
diploma (8 % of the global set), 8 % were exchange students 
only (specific programme, no French diploma), 8 % failed and 
29 % got a double diploma and 38 % only the French diploma 
(it is generally the case for French students and international 
students outside exchange programmes, it means that they just 
register as classical students). 

 

V. CATEGORIES OF STUDENTS, RECRUITMENT 

For 2013-2014, eighty applications have been received, 
among which 15 French, 10 students in exchanges 
(ERASMUS, Brasil) which means students who have been 
selected and agreed by partner institutions, and 55 from 
everywhere in the world. Among these 55 records, some are 
not eligible. At the end, we hope to have a balanced group 
with 8 or 9 exchange students, 2 or 3 French students, and 3 to 
5 international students outside exchange programmes, for the 
incoming 2013-2014 academic year. 

For recruitment, it is requested that applicants provide their 
certified results, a certificate level in English (TOEFL 520 
(paper-based exam) or 210 (computer-based exam), TOEIC 
700, IELTS 5.5, BULATS 70), a CV and a covering letter 
showing their willingness to work in this international context. 

Figure 2 shows the evolution of the size of the international 
group as a function of the time. Our target is 15 per year. 89 
students, including the present students, have participated in 
our international programme. Results about diplomas obtained 
are given in section IV. 

56



 
Fig. 2  Number of students from the origin 

 

 

Fig. 3  Distribution of European students  (without France) 

Figure 3 displays the distribution of students among 
European countries. 31 students are coming from European 
countries. European students come generally within 
ERASMUS and passed a double diploma (except 5 who came 
in direct registration).  

23 students came from France. The rule for them is to go 
abroad for the internship in a company or in a research lab at 
the end of the academic year. Among those 23, 18 went 
abroad (mainly Europe but also USA) for their internship.  

Figure 4 displays the distribution of students among 
continents.  

For Africa, students come from various countries (Ghana, 
Libya, Morocco, Nigeria, Tanzania). These students are 
coming from outside French-speaking Africa (except two 
from Morocco) and all these students come outside any 
exchange programme. 

For Asia, students come from China, India, Iran, Mongolia, 
South Korea, Sri Lanka and there are this year also candidates 

from Bangladesh, Pakistan, Syria, Viet-Nam. All these 
students come from outside any exchange programme also. 

 

Fig. 4  Distribution of students per continents 

For America, the situation is different because we have a 
specific exchange programme with one institution in Brasil 
and for USA, we take benefit of an ATLANTIS DESIRE2 
exchange programme between Europe and USA [5]. Until 
now, 7 students came from Brasil in Grenoble in our 
programme, 6 US students came and attended at least partially 
our international programme (they had an “à la carte” 
programme) and 2 French students of our international 
programme went to the USA. 

VI. TEACHER MOBILITY 

One interesting aspect of this program is to provide 
students with an international dimension, (see section III). 
One way to meet this goal is to invite European colleagues 
within "Staff-Erasmus" agreements to come to teach to our 
students. The purpose of this mobility teaching is twofold: 

• open students to a European and multi-cultural 
perspective, 

• allow exchanges between teachers: foreign visitors and 
local teaching staff. 

In 2012-2013, the exchanges that have been made are the 
following: 

• University of Brno, Czech Rep., and High School 
Province of Liège, Belgium with colleagues who came to 
teach about networks and security. 

• Faculty of Law, Aristotle University, Greece with a 
colleague who came to teach about "Internet law” bringing a 
European and international dimension to this aspect which can 
be different in various countries. This is naturally fundamental 
to our students, with networks being interconnected in an 
international context. 

• The Metropolia University, Finland, with a colleague who 
came for a course on "Communication in an international 
environment ". The Finnish colleague who came is a specialist 
in communication in an international environment, and the 
conference was particularly appreciated by students. 
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It is not so international but interesting also: we use to have 
also people working in IT industry in Grenoble to come and 
give some conferences to the student. One of this colleague, 
working in a company, is an Englishman who talks about 
working in an international dimension from a company 
perspective. 

VII. COMMUNICATION STRATEGIES 

To communicate about the program, it is important to have 
a strategy. The communication strategy consists of three 
aspects: 

- A targeted communication towards an important network 
of partners, European partners from various projects and 
exchange programmes [1,2,3,6] as well as extra-European 
partners, this network is important and ensures us with 
between 4 and 8 students per year.  

- An information on the website of our university is also 
very important. Non-European students in particular look for 
the rankings of universities, and then they look on the 
websites of the ranked universities for existing curricula in 
their disciplines. Thus some come in Grenoble using this 
strategy. 

- A communication at the national level via Campus France, 
which is an organization linked to the French Ministry of 
Foreign Affairs. It is possible to find there the list of 
programmes and curricula available in France for international 
students, in particular the English-taught programmes is also 
available. 

VIII. SUCCESSES AND DIFFICULTIES 

The implementation of an international programme is a 
collective adventure, in which three or four aspects should be 
present, as keys to success: 

- An institutional commitment as a strong encouragement 
from the University. For our part, our institution was very 
keen to support us, helping us for example with the 
organization of a seminar with Scottish partners in order to be 
trained how to “teach in English in a multicultural 
environment”. It was a good preparation for us. Another 
support comes from the fact than one hour of course given in 
English is accounted as 1.12 hours compared to the same 
course given in French. 

- An educational team "ready to play", in our case, for all 
core courses except one, colleagues from our Department 
accepted to be part of the team and accepted to teach in 
English. For other courses, we invited colleagues from other 
Faculties to help us, and we found other colleagues. 

- A "project manager" who is dynamic and enterprising. It 
is true that in these kinds of adventures we had to invent 
procedures for recruitment, take care of the multicultural 
environment, help for housing and administrative 
environment... and it is necessary to have some degree of 
innovation and motivation… 

- An international network of partners to establish part of 
the recruitment, guarantee quality of the students we receive, 
and ensuring some stability in the recruitment. 

 

IX. CONCLUSIONS 

After six years, we can say that this experience is an actual 
success. It allowed us to attract in Grenoble and France some 
students who would not have come without this programme. It 
is also a way for us to open our mind outside classical French-
speaking countries. Students attending this international 
programme are generally really motivated: some of them are 
attracted by the international dimension as an added value, 
some by the possibility to get a double diploma, some because 
they want to stay in France either/or to prepare a master or to 
find a job.  

We have a continuous partnership with some institutions.  
French students also see this international programme as a 

good opportunity to pass an accredited French diploma in an  
intermational multi-cultural English-speaking environment as 
an added value. 

A number of difficulties should not be neglected, such as 
the willingness of the teaching team to teach in English, and 
the overall organization to ensure the sustainability of this 
kind of program requires a significant interest among the 
leaders of this programme. 
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Abstract— Improving the creativity and 
innovation student’s skills is a key point for most 
of educational institutions. Created by ESTIA in 
2007, “The 24h of innovation®” 
(www.24h.estia.fr) is a 24 hours  nonstop 
challenge to develop creative and innovative 
concepts of products (mechanical, electronic, 
software…) and services. The concept of this 
event is simple: projects and topics are proposed 
by companies, labs, association and they are 
unveiled at the beginning of the competition. 
Teams are freely composed of a mix of any 
volunteers (students, researchers, teachers, 
consultants, free-lances, employees…). After 24 
hours of development, teams present their results 
in a show of 3 minutes in front of a jury of 
professionals  in  the  field  of  innovation.  The 

 
 

I. INTRODUCTION 

Today, the generation of new offer 
(products, processes, services…) and 
associated business model to meet 
user’s/citizen’s requirements with a sustainable 
development perspective is a key point for any 
successful industry. The companies need to 
employ novice engineers, marketing, and 
management profiles with different skills 
(technical, individual, collective, cultural…) to 
help them to tackle the next challenges. 
Creativity and innovation student’s skills 
training are one of the most complex learning 
processes for any university and school. 

In this paper, we focus on one example of 
pedagogical event to foster creative and 
inventive   thinking   knowledge   of   students 

winner teams receive the “24h of innovation” 
awards and they receive prizes offered by the 
sponsors of  the event. Since  2007, 3500 
participants coming from more than 70 schools 
& university of 40 different countries have 
attended  one  of  the  10  editions  organized  in 
France and Québec. More than 200 projects have 
been developed for 100 companies. 

 
This full paper is focus on the analysis of time 
pressure to foster the creativity of students and 
their skills to produce innovative work. 

 
Keywords— Creativity, Innovation, The 24h of 
innovation, students challenge 

 
 
 

during design phase. This event is ‘The 24h of 
innovation®” challenge which is an annual 
event organized by the engineering school 
ESTIA in Biarritz since 2007 
(www.24h.estia.fr). 

 
This concept could be considered as an 

original way to generate creative ideas for 
companies in a few times, taking into account 
that the participants have 24 hours to work on 
innovation developments (such as new 
products and services, new business model, 
new communications…) proposed by 
industrials coming from different sectors, 
research laboratories, associations, and private 
persons. 
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II. PRESENTATION OF THE 24H OF 
INNOVATION 

The event is organized as follows: a call for 
project proposal, for participation, and for 
sponsors is sent out before the event, and the 
most interesting topics, participants, and 
sponsors are selected. At the official opening 
of the event, the topics are revealed, and the 
teams are formed (with a maximum of 10 
persons per team). The team constitution  is 
free and open and is not be imposed by the 
organizers. We just strongly encourage the 
team-building compound with different 
profiles: 1st, 2nd, 3rd years, master, different 
schools and universities… 

Teams are free to choose their subject 
among the projects proposed by the inventors 
and applicants. The topics are communicated 
during the opening ceremony of the 24h of 
innovation and the team will then be allowed 
to choose them. Several teams may work on 
the same subject. 

Then, each team has 24 hours to develop 
creative solutions (innovative concepts or 
prototypes) corresponding to the project 
proposals. At the end of these 24 hours period, 
each team presents its propositions during the 
short time of only 3 minutes in front of all the 
participants and a jury formed by innovation 
professionals. This jury then awards the best 
teams with prices offered by the event 
sponsors. The classification of the projects 
may be made from the documents and 
prototypes proposed during the presentations. 

Since 2007, 200 projects in different sectors 
have been developed for SME’s, large 
companies and other subjects were developed 
for laboratories/schools/universities, project 
managers of companies in incubator or 
particulars. Overall, 3500 persons attended the 
different edition of the 24h of innovation® 
since 2007. 

Students are generally motivated to work in 
team and to share a real problem faced by a 
company. The goal of the 24h of innovation is 
to foster the socio-technical practices 
(Subrahmanian et al. 2001) of the young 
engineers and students that are involved in a 
short but intensive collaborative period with 
the use of creativity and design tools, 
marketing and communication methods... We 
think that this situation helps the  young 
modern engineers (Kurfess 2001) to be 
integrated more easily in the socio-professional 
networks. 

This event is thus a good opportunity to 
generate new ideas, to increase the creativity 
for the benefits of the company. Since 2007, 
the concept of the 24h has been exported in 
other  places.  After  six  editions  (2007-2012) 

with several hundreds of participants from 
over twenty institutions in France (mostly 
universities, business and engineering 
schools…) and others universities in USA, 
Canada, Spain, Italy, UK, Colombia… this 
event confirms its innovative  character.  The 
growing interest of this event was also 
demonstrated by the participation of several 
companies (from SMEs to large and 
multinational groups) being either project 
manager or sponsor of the “24h of 
innovation®”, which is now a registered trade 
name. 

This interest is justified with a good 
feedback from such an event. Indeed, the 
companies propose a subject (e.g. an idea, a 
requirement, or a research theme) simply 
explained by a single title with a short 
descriptive phrase. The companies receive 
then, quickly and for free, concepts of 
innovative solutions, virtual models, or 
prototypes. Moreover, by the restrictive but 
stimulating format for the students, most of the 
teams produced results with an achievement 
level that revealed to be quite surprising for a 
work realized in  the short 24 hours  period. 
Thereby, many subjects developed during the 
first editions, are now being industrialized and 
about to be launched on the market by 
companies. For example, after the second 
edition in October 2008, a patent proposal is 
being examined for one of the developed 
projects. 

 
III. RESEARCH OUTPUTS & 

OPPORTUNITIES 

The 24h of innovation event is also an 
opportunity for research experimentations 
involving students’ teams. For example, 
Innovation measurement and evaluation are 
one of the key points for the development of 
any innovative projects in their early phases. 
So in the scope of the 24h challenge we face 
also the problem of judgment and evaluation 
by the different stakeholders of a creative work 
produced in 24h. In (Choulier and Legardeur 
2009), (Legardeur et al. 2009) (Legardeur et al. 
2010), we propose a comparison of different 
evaluation methods that were tested during the 
presentations that were made by the teams 
during the 2008 edition. The research output is 
to examine the criteria and the means of 
evaluation of inventive design, at the concrete 
example of the “the 24 h of innovation” 
contest. We have also describe how the MIM© 
matrix could be used in order to evaluate the 
potential of the results obtained during one 
project of the 24h of innovation 2009 edition. 
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Moreover, the organization of students’ 
teamwork during the execution of short term 
innovative projects implies  numerous 
questions and dilemmas (Jimenez-Narvaez et 
al. 2010), (Jimenez-Narvaez et al. 2011). In the 
scope of work carried out by the 5 teams 
during the 24h contest, we analyzed three 
variables linking the activities in the 
development of “creative charrettes”: a) the 
interdisciplinary grouping of teams, b) the 
assessment of the demands posed on the teams, 
and c) the influence of experience and prior 
knowledge on the number of ideas produced 
and the selection of ideas. 

 
 

IV. CONCLUSION 
 
 

The 24h of innovation event is an international 
challenge based on the stimulating 24h format 
to develop creative, artistic and innovative 
concepts of products, services, new 
applications, etc. for companies, labs, 
associations, entrepreneurship… It is an open 
event for all creative people (creators, 
innovators, researchers, artists, students, 
teachers, consultants, freelances, employees…) 
and institutions (companies, labs, 
associations…) 

 
Our objective is to export the concept in the 
most creative institutions of the world 
(University, schools…) with a free licence. 
During the EAEEIE conference, we will 
propose to the participants (professor, teachers 
in schools, universities…) to organize their 
first edition of the 24h of innovation in their 
respective countries in order to create a 
worldwide community of the 24h and identify 
inventive and innovative academic and 
industrial partners  for students exchanges, 
research collaboration… 

 
The next 7th edition of “The 24h of 
innovation®” is scheduled for 22-23rd of 
November 2013. More information is available 
on the official website: www.24h.estia.fr 
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Abstract— The courses which deal with electromagnetism, are 

difficult to understand for most electrical engineering students. 

However, almost every electrical professional needs a good 

understanding of electromagnetism. The aim of this paper is to 

present the use of animation and simulation to teach 

electromagnetics (EM) to the students of Electrical Engineering 

at the University of Vaasa. 

Since many students have difficulties in understanding 

mathematical notation used in EM, students are given a tutorial 

of mathematical notes during the first lecture. Subsequently, 

some mathematical issues are also reviewed by animations. 

Implications of EM formulas are visualized by animated material 

during lectures.  Here we give an application example for Lenz 

law.  In addition, students will do a simulation exercise at the end 

of the course. The goal is to familiarize students with a 

simulation program which they use then to solve EM problems. 

They are also required to document and analyse experiments and 

results. 

In recent years, students have written often master's theses from 

topics of real world industrial problems related to 

electromagnetic fields. The problems are addressed using 

simulation software.   

The students consider that the animated lecture material is 

illustrative and that simulation exercises are necessary to gain a 

deeper understanding of the essential phenomena. The students 

who have become deeply familiar with the electromagnetic (EM) 

fields, have so far gained full employment after completing their 

studies. 

 

Keywords— Animation, Electrical engineering education, 

Electromagnetics, Simulations of electromagnetic fields 

I. INTRODUCTION 

Almost all electrical machinery and electrical appliances 

are based on electromagnetism. In order that design engineers 

who work in the electricity sector are able to meet today's 

challenges of working life, they need to understand 

electromagnetic (EM) phenomena and they have to be able to 

model these phenomena over time-varying situations in a 

three-dimensional space by using modern technology.  

In several Finnish and European colleges and universities, 

which provide education of technology, special attention is 

given to the fact that although the amount of students who 

begin studying in the engineering field would be sufficient, 

the number of drop-out students following first year studies 

remains high, and the remaining students' academic progress 

is often very slow. 

In the electrical engineering subjects in particular, it has 

been observed that the majority of students has an insufficient 

basic knowledge of mathematics and physics, in order to 

enable studies to proceed as scheduled. In many European 

universities, computer-assisted approaches have been 

developed, to support students in improving their basic 

understanding of relevant subjects [1]–[5].  

EM is often viewed as a particularly abstract and 

conceptually difficult area of engineering education [6]. The 

findings of Leppävirta [7] suggest that in the context of EM, a 

basic conceptual knowledge is necessary, but does not pose a 

sufficient condition for the acquisition of procedural 

knowledge.  

The University of Vaasa (UV) has provided education in 

the field of Electrical Engineering since 1997. In 2004, the 

UV was given the right to award degrees in the field of 

technology. Since then, the students have been able to 

undertake a full degree of Bachelor, Master and Doctor of 

Science in Technology. Currently, the annual intake of 

students for the studies of BSc is 60. At the end of their first 

year, students choose either the Degree Programme in 

Electrical and Energy Engineering or the Degree Programme 

in Information Technology  

Over the past decade the UV Faculty of Technology has 

focused on early-stage studies centered education and also in 

streamlining the development of teaching approaches that 

recognize the students' different basic skills and learning 

styles [8], [9].  

The aim of this paper is to present the use of animation and 

simulation to teach electromagnetics to the students of 

Electrical Engineering at the University of Vaasa. Teaching 
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materials preparation and implementation efforts have been 

structured to take into account: firstly that a students' basic 

knowledge of mathematics and physics may not be sufficient 

to perform satisfactorily on EM courses without additional 

material, and secondly, that students learning styles differ. 

Modern designers in industry are expected to know the basics 

of simulation tools, which has be taken into account when 

implementing the EM courses at the University of Vaasa. 

II. THE SEQUENCE OF COURSES OF ELECTRICAL ENGINEERING 

Since the launch in 1999 the program with only small 

modifications has been successful in Vaasa region from 

students’, employers’ and university point of view. The 

program is based on study on a need of engineers in Vaasa 

and planned by Prof. Vekara. 

Fig.1. shows the sequence of courses in Electrical 

Engineering in the MSc (eng.) program at UV. The tail of a 

full-line arrow indicates the courses which contains the 

necessary prerequisites to the following course. A dashed-line 

arrow indicates that the course includes information on 

recommended topics to enable students to pass the course. 

Black italic font denotes those courses (mathematics and 

physics), which are judged to be the basic tools for 

understanding the major subject studies. Basic and Special 

Studies are included at BSc level (blue and green), while 

Advanced Special Studies at MSc level (red and yellow). 

The place of EM courses in the overall sequence of courses 

is highlighted in a red oval. In Fig. 1, two factors important 

for study purposes can be identified. Firstly, in order to 

undertake courses in EM, the student must possess sufficient 

skills in both mathematics and physics. 

Secondly, the student needs a basic knowledge of EM in 

almost all electrical engineering Special and Advanced 

Special studies. As such, the EM courses are very influential 

in the progress of the studies of Electrical Engineering. 

III. THE COURSES OF ELECTROMAGNETICS 

In the courses of EM at UV, the teaching of EM is 

composed of two 5 ECTS units; Static Field Theory (SFT) and 

Dynamic Field Theory (DFT). Both courses include 26 hours 

of lectures, 26 h of weekly exercises and a simulation 

assignment. Table 1 shows the number of students on the 

courses over years 2007–2011. 
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Fig. 1.  The sequence of courses in Electrical Engineering in the MSc (eng.) program at the University of Vaasa 
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TABLE I 
THE NUMBER OF STUDENTS ON STATIC FIELD THEORY (SFT) AND DYNAMIC 

FIELD THEORY ( DFT) COURSES 

 2011 2010 2009 2008 2007 

SFT 25 22 24 19 34 

DFT 39 25 21 27 37 

 

Before a student can participate the examination he/she is 

required to return a certain percentage of weekly exercises 

during the course. During the weekly exercise sessions, 

simple mathematical calculations, related to the previous 

lectures, are performed. Students are encouraged to use 

mathematical software such as MathCad® and Matlab® as a 

tool to solve and check their calculations. Moreover, it is 

useful to visualize the functional relations governing 

electrical behaviour. 

Traditional weekly exercises are designed to guide the 

student to consider and understand the phenomena as well as 

the cause and effect relationships. Hence, they can later draw 

conclusions whether their computer simulations are sound. 

The number of participants is low enough so that 

organizing individual problems in simulation exercises is 

manageable. This gives an excellent opportunity to utilize 

peer-evaluation and peer-learning by sharing the simulation 

solutions.  

IV. ANIMATED LECTURE NOTES 

Since many students have difficulties in understanding 

mathematical notation (e.g. scalar, vector, complex number) 

used in EM, students are given a tutorial of mathematical 

notes [10] during the first lecture. For example, most students 

have difficulties in determining the differential lengths, 

surface areas and volumes in the most common orthogonal 

coordinate systems (Cartesian, cylindrical and spherical 

coordinates). Therefore, at the beginning of the SFT course, 

such issues are reviewed, using step by step Flash animations. 

Additionally, the coordinate transformations (e.g. Cartesian to 

cylindrical, Cartesian to spherical) are reviewed step by step, 

using a PowerPoint® animation. Transformations are 

presented using only trigonometric functions and Pythagorean 

theorem. 

Fig. 2 shows the use of PowerPoint®, in a step by step 

presentation of Lenz's law in DFT course. On the left hand 

side of the figure, a closed current loop (red) that is placed in a 

sinusoidally changing external magnetic field   (green) is 

shown. The changing external magnetic field   induces a 

variable electromotive force emfu  (described with a black ideal 

voltage source) to the current loop (the direction of current i in 

closed loop is described with red arrow).  The induced 

electromotive force emfu  is such that it induces a magnetic 

flux emf (blue dotted line) that resists the change of the 

external magnetic flux within the loop. The arrows illustrate 

the magnitude and direction of the magnetic flux of each point 

of time. 

The magnetic flux (
emf ,  ) as a function of angular 

frequency  is shown at the right hand side of Fig. 2. The 

objective of the animation is to visualize the implication of 

Lenz's formula, i.e., the induced voltage 
emfu  is obtained by 

differentiating the original time-variable external magnetic 

flux  , and by taking the reciprocal of the outcome 

 

emf d du t   .           (1) 

V. SIMULATION EXERCISES 

The goal of the simulation exercise of SFT course is to 

become familiar with the Comsol® simulation program and 

use it to solve simple static electric fields related problems. 

Students are given the task to describe a variety of simple 

charge distributions (point, line, and plane charges) and the 

electric fields generated by them by using the Comsol®-

software.  

In DFT course assignment, students (in groups of 1 to 3 

students) choose an interesting dynamic EM fields associated 

problem, either from the Comsol® model library or from the 

real world. Students write a report on their experiments and 

observations in their mother tongue (Finnish or Swedish).  

During the academic year 2011–2012, there were nine 

groups, and the topics chosen were:  

 Eddy Currents in 3D,  

 Magnetic Brake,  
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Fig. 2.  An example of animated lecture notes: Lenz‘s law. 
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 RFID System,  

 RF Coil,  

 Inductive Heating of Copper Cylinder,  

 One-Sided Magnet and Plate,  

 Magnetic   Signature of a Submarine, 

  Electromagnetic Forces on Parallel Current-Carrying 

Wires and  

 High Current Cables in a Circuit.  

In Fig. 3 and 4 an example of a simulation is shown, 

concerning an RF coil. The arrows describe magnetic flux 

density and slices electric field. 

Students must compare the final results of the simulations 

with the cause and effect relationships that are learned in 

lectures and weekly exercises.  

VI. FEEDBACK FROM STUDENTS AND DISCUSSION 

The students consider that the electromagnetics animations 

are illustrative and that the simulation exercises are necessary 

where deeper understanding is required.  

It was decided to animate phenomena and derivations of 

mathematical formulas in progressive PowerPoint® or Flash® 

presentations. Animation brings significant added value 

compared to traditional still images based on a PowerPoint® 

presentation [11]. 

Deep learning is only achieved when students do and 

reason by themselves. In practice therefore, it has been found 

necessary to encourage students to exercise regularly during 

the course. 

Computational electromagnetic modeling, simulation, and 

interactive visualization techniques have enlarged from being 

used in analysis to also design in engineering practice. These 

techniques can be used to solve real-life EM problems and to 

help industry to provide better products. [12] – [15]. 

The students who have become deeply familiar with the 

EM fields, have so far gained full employment after 

completing their studies. In recent years, students have written 

often master's theses from topics of real world industrial 

problems related to electromagnetic fields. The problems are 

addressed using simulation software. Examples of these theses 

are, a few to mention:  Design of DC-link Busbars for 

Frequency Converter: Laminated Busbars and Inductance 

Reduction,  The Direct Current Breaking Capability of Low 

Voltage Switch-Disconnectors and Simulation in the 

Development of Low Voltage Devices. 

In future, students will be offered simulation courses that 

incorporate how electromagnetic fields and thermal fields 

interact with components. 

VII. CONCLUSIONS 

This paper presented the use of animation and simulation to 

aid learning of electromagnetics at the University of Vaasa.  

Teaching materials preparation and implementation efforts 

have been structured to take into account: firstly that a 

students' basic knowledge of mathematics and physics may 

not be sufficient to perform satisfactorily on EM courses 

without additional material, and secondly, that students 

learning styles differ.   

Deep learning is only achieved when students do and 

reason by themselves. In practice therefore, it has been found 

necessary to encourage students to exercise regularly.  

The students consider that the animated lecture material is 

illustrative and that simulation exercises are necessary gain a 

deeper understanding to the essential phenomena. 

Modern designers in industry are expected know the basics 

of simulation tools, which has be taken into account when 

implementing the EM courses at the UV.  

The students who have become deeply familiar with the 

electromagnetic fields, have so far gained full employment 

after completing their studies. 

 

 

Fig. 3.  A student assignment: An example of simulation of an RF coil. 

Electric field (slice) and magnetic flux density (arrows), when material is 

perfect electric conductor Copper. 

  

 

Fig. 4.  A student assignment:   An example of simulation of an RF coil. 
Electric field (slice) and magnetic flux density (arrows), when material is poor 

electric conductor  Oaktree 
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users. PoTrain system and e-TRAWELSPA e-learning platform 
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I. INTRODUCTION 
 

 
-TRAINING  refers  to  using  Information  Technology  to 
education and learning [1]. The advent of the Web has 

generated   additional   interest   in   applications   capable   of 
delivering learning content over the Internet to its users. E- 
training (or e-learning) applications on the Web are emerging 
as the most cost-effective learning process by reducing the 
time, money and teaching resources. Learning is becoming 
significantly richer as students have access to  a variety of 
information types (e.g., video, graphics along with text in a 
hypertext format) and can manipulate and communicate such 
content along with their ideas to their teachers, classmates and 

friends around the world. 
PoTrain is a Web-based application developed on behalf of 

project ‘PoTrain: Positive Thinking Training'1. PoTrain aims 

development of innovative ICT-based content and services for 
lifelong learning in the form of e-learning courses for training 
in SPA services. 

The rest of this paper is organized as follows: The PoTrain 
project is discussed in Sec. II, focusing on the system 
architecture and its supported types of users as well as on 
system design and implementation. The e-TRAWELSPA 
project is then discussed in Sec. III, giving detailed 
information on the selected e-learning platform, on user and 
course management and also on course structure. Follows 
Sec. IV with conclusions and issues for future research. 

 
II. THE POTRAIN PROJECT 

 

A. About the Project 
The Positive Thinking Training (PoTrain) project aims at 

encouraging collection and dissemination of positive 
information about the events that occur every day throughout 
the world. The PoTrain initiative also aims at contributing 
towards encouraging young people to envision a better future 
for themselves and the world they live in. The project took 
place between the November 2010 and February 2012. The 
leader of the project was ISMB (‘The Bucharest School 
Inspectorate’, Romania), a public authority who assured the 
quality of education and trained educators. The Intelligence 
Systems Lab of TUC (the IT expert of the project responsible 
for the overall system design and development) collaborated 4 

at encouraging the collection and dissemination of positive with   DIAN a   highly   innovative   SME   from   Greece 
(good) news by students across the EU using the Web. The 
media, especially TV are transmitting mostly negative news, 
so establishing negative psychology and pessimistic mode to 
young people. Collecting positive news from different Web 
sources will counterbalance the flow of negatives news. 
PoTrain provides non-formal training and aims at assisting in 
developing useful skills and positive way of thinking. 
The   e-TRAWELSPA2     e-learning   platform   is   based   on 

 
 
 
 

1 ‘PoTrain:   Positive   Thinking   Training'   (EU   Life-Long   Learning, 
Comenius, Project No. 509925). 

2 Developed  on  behalf  of  project  ‘e-TRAVELSPA:  e-Training  for 
Wellness  in  SPA Services’ (EU  LLP  /  Leonardo da Vinci  – Transfer of 
Innovation, Ref. No. LLP-LdV-ToI-2011-RO-02 

specializing  on  products  and  services  for  e-Training  and 
schools for secondary and technical education from Bulgaria, 
Slovakia, Romania and Greece. 

The technical objective of the project was to integrate non- 
formal training methods, services and pedagogical approaches, 
based on ICT practical applications, in order to train the target 
user groups, which for this project are, secondary school 
students and teachers. The goal is to assist the users of this 
application combine knowledge and skills that they have 
acquired from their formal school education with the non- 
formal training the project would offer to them. 

During  the  project  students  built  up  a  positive  way  of 
 
 

3 http://www.moodle.org 
4 www.dian.gr 
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thinking and they also gained experience and satisfaction 
when they saw the results of their efforts to be realized in the 
form of a "positive news site". The teachers also played an 
important part in this project, because they helped students to 
develop transversal competencies, through subjects of 
common interest, teaching them how to search and collect 
positive news by using computer technology, translate them 
into English, categorize and present them in a positive news 
Web-site. The broader innovative character of the project also 
included development and dissemination of positive thinking, 
which would be cultivated to all participants and visitors of 
positive news Web-site, with all the positive effects that 
positive thinking can create to people. 

The outcome of this project was the implementation of an 
ICT application, PoTrain, which will be described in 
following sections. PoTrain is available on the Web5. 

 
B. PoTrain System 

The purpose of  PoTrain is to present the most popular 
positive news articles according to the positive votes they have 
taken  by  the  students  of  the  four  participated  schools, 
mentioned in previous section. Participated school students 

supported by the system and will be explained in the 
next section. 

2. The PoTrain Database Module: All voted news articles 
are stored in a database. Each article is associated with 
– the votes it received from the students, 
– a specific news category (e.g. nature, technology, 

education, sports, etc.) depending on its content, 
and, 

– a number of comments that students have made on 
it. 

3. The News Sources Module: All these news articles that 
are gathered by the school students are either 
– Articles written from the students themselves 

(students articles), or 
– Articles from specific news sites in the Internet 

(news channels articles). These news sites are pre- 
selected sites that are connected with PoTrain and 
are called news channels. These news channels 
contain information (articles) that is considered 
appropriate for secondary school students. It is 
obligatory for these news channels to provide their 6 

were the heart of PoTrain because they were the ones who header news as a Web feed in a specific format 

gathered all these positive news articles and they voted for 
them in order to contribute for the most popular ones. They 
also provided valuable feedback for improving both 
functionality and look and feel. The system, despite its 
innovative character and the highest possible level of software 
technology it integrates, had to be user friendly and present its 
contents in a comprehensive and pedagogical way (even for 
elementary school students). 

 

 
Figure 1: PoTrain System Architecture 

 

Figure 1 illustrates PoTrain system architecture. The system 
consists of three basic modules: 

1. The Users Module: The basic type of users are the 
school students who can be registered in the system and 
then are able to write their own articles, incorporate 
articles they have found in specific news sites in the 
Internet, or vote for existing articles in the system. 
There  are  three  different  types  of  users  that  are 

 
5 http://www.intelligence.tuc.gr/potrain/ 

(Atom, RSS2.0) in order to be connected to the 
system. Characteristic news channels already 
connected to the system are the following: 
Discovery News, National Geographic, Unisef 
News, Archaeology Magazine, etc. Users have the 
ability to view all the latest news articles (header 
news) of the connected news channels. The 
provided header news are primarily external news 
articles meaning that they are not yet inserted into 
the PoTrain database until a student gives a 
positive vote for them. 

As already explained, voted news articles (news channels 
articles, students articles) are grouped together and are 
organized in news categories. These news articles can then be 
viewed either 

– As a whole (all together) e.g.  “view most positive news 
articles of all categories” or, 

– By category e.g.  “view most positive news articles of 
category Sports”. 

Special filters are also provided in order to 
– View selected news channels articles and students 

articles separately, e.g. “view positive student news 
articles of category Sports” or “view positive news 
channels articles of category Technology”, 

– View selected news articles in a specific order (i.e. 
most popular, least popular, most recent, oldest first), 
e.g. “view most (or least) popular positive news articles 
of all categories” or “view most recent positive news 
articles of category Nature”. 

In order to provide inter lingual content support, the Google 
Translator API is incorporated in PoTrain. 

Finally, a smart on line Help is also provided in order to 
give to the user the appropriate information and the actions 

 
6 http://en.wikipedia.org/wiki/Web_feed 
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that can be taken at any point in PoTrain. 

 
C. Types of Users 

There are three types of users in PoTrain: 
1. Visitors (V): No username and password is required. 

They are entitled to view all information stored in the 
PoTrain system (positive news  articles and their 
comments), starting from the system homepage. 

2. Registered Users (U): They need username and 
password to login. They are school students and they 
belong in a specific school of a specific country. 
Registered users are entitled to perform any  of the 
following actions: 
a. Vote for news articles. These news articles can 

either be external news articles by the 
corresponding news channels, or already voted 
positive news articles of PoTrain. 

b. Write news articles (student articles). Students can 
create their own news article with a completely 
new content or with a reference to an existing 
interesting article they have already found 
somewhere in the Internet. When a new student 
article is created, it automatically takes one 
positive vote by the creator. 

c. Write comments on existing positive news articles 
of PoTrain. 

3. Administrators (A): They need username and password 
to login. They have access to all system functions but, 
in addition they are entitled to create or erase user 
accounts and maintain control of the system use by the 
other user types (visitors and registered users). In 
addition, they have access to the system data and are 
authorized to add or update news articles, news 
channels, news categories, schools, countries, 
languages and users. 

 

D. System Design 
To meet both operational requirements and the specific 

requirements arising from different types of users of the 
system, such as those recorded in the previous section, we 
need proper planning of both the database supporting the 
application and the organization of information at dynamic 
Web pages. 
1. Database Design: The design of the database supporting 

the Web application of PoTrain was based on the 
following criteria: 
a. To capture system information according to its 

functional requirements. 
b. To meet the support of different types of users who 

have different rights to access and configure 
information on the system. 

c. To preserve system information consistency and 
integrity. 

d. To support different character sets of different 
languages. 

2. User Interface Design: Information in PoTrain is 
organized   in   a   database.   The   presentation   of   this 

information is realized via dynamic Web-pages. The 
organization of the elements of each Web page meets the 
following criteria: 
a. Homogeneous presentation with the logo of PoTrain, 

specific colors, specific fonts, etc. This way the user 
understands that any such Web page belongs to 
PoTrain. 

b. Easy, uniform and informative presentation of 
options for the user at each Web page so he/she can 
easily locate the information he/she seeks through 
the system. 

c. Informing the user's location at any time within 
PoTrain so that the user can navigate in it with ease 
and comfort. 

 

 
 

Figure 2: PoTrain User Interface 
 

Figure 2 depicts a typical Web page of the system that 
follows the above criteria. 

 

E. System Implementation 
For the development of PoTrain the following technologies 

were used: 
- PHP scripting language7, for the implementation of the 

system logic and data preparation. 
- HTML for the Web presentation of the system, 
- Javascript language8 for the active components on the 

Web pages, such as the on-line help, 
- CSS technology9 for the Web pages layout, and 
- MySQL Relational Database Management System10 for 

the organization of information of PoTrain. 
The principles of the Model-View-Controller (MVC) design 

pattern ([2], [3]) were followed for the implementation in 
PHP11 of PoTrain. Model–View–Controller (MVC) is a 
software architecture pattern that separates the representation 
of information from the user's interaction with it. The model 

 
 

7 http://www.php.net 
8 http://en.wikipedia.org/wiki/JavaScript 
9 http://www.w3.org/Style/CSS/ 
10 http://www.mysql.com/ 
11 http://oreilly.com/pub/a/php/archive/mvc-intro.html 
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4 
 

consists of application data and business rules, and the 
controller mediates input, converting it to commands for the 
model or view. 

Additionally a news aggregator in PHP was incorporated in 
the system in order to collect news from the corresponding 
RSS news channels. 

 
III. THE E-TRAWELSPA PROJECT 

 

A. About the Project 
Promoting lifelong learning in the field of health is the 

result of continuous professional skills development through 
access to most recent information and a large knowledge data 
base. Latest international reports reveal that there is an 
increased therapeutic and social interest for health resorts’ spa 
treatments, which have led to the development of international 
balneary tourism. 

According to specialty EU statistics, the immediate results 
after treatment reflected significant improvements in 
subjective and objective symptomatology. Also an important 
echo was registered after using economic indicators of 
effectiveness, respectively on temporary incapacity to work, 
determined by the health conditions for which those spa 
treatments were being used. The aim is to identify, to 
diversify, to reorganize and to modernize the physical therapy 
strategies and tourist services using e-learning products and 
make these available to the level of treatment facilities within 
health resorts. The envisaged impact is, sharing experiences 
and practices of specialist from different countries in a 
transnational/international context by creating a network 
platform that will connect partners, beneficiaries (clients and 
institutions) but also involving target groups and other 
potential users with an ultimate goal of increasing the 
dimension and quality of wellness and quality of life in SPA 
services. 

The duration of the project is from December 2011 to the 
December 2013. Apart from the Intelligence Systems Lab of 
TUC (the IT expert of the project) the project is being carried 
out with the participation of Research and Academic partners 
from Romania (two partners, one serving as project leader), 
Bulgaria and Austria. 

The main objective of the project is to support participants 
in training and further training activities in the acquisition and 
the use of knowledge, skills and qualifications to facilitate 
personal development, employability and participation in the 
European labor market. 

In order to support the development of innovative ICT- 
based content, services, pedagogies and practice for lifelong 
learning, an e-learning platform was developed for the needs 
of the project. The e-TRAWELSPA e-learning platform is 
available on the Web12. 

 

B. e-TRAWELSPA e-Learning Platform 
An e-learning platform is  being developed to fulfill the 

needs of the project and to incorporate new modules and new 
methodologies in the form of e-learning courses for training in 

 
12 http://www.intelligence.tuc.gr/etrawelspa 

SPA services. The e-learning platform of the project is based 
on Moodle which is a Web-based multilingual learning 
management system that can support both the development of 
interactive training courses and the management of the users 
who will participate in the training classes in SPA services. A 
typical layout of the e-TRAWELSPA e-learning platform is 
shown in Figure 3. 

The e-learning platform of the project provides courses in 
four different languages: English, Bulgarian, German and 
Romanian. Each course has a specific structure and contains 
both static materials in a variety of formats (written, images, 
sounds, videos) and also active materials such as online 
quizzes, evaluation feedback, assignment submission, news 
and announcements. 

The participating users of the e-learning platform of the 
project are categorized in four different roles: Administrators, 
Teachers, Students and Guests. The enrollment of students in 
the system and also in specific courses can be done 
automatically. 

 

 
 

Figure 3: e-TRAWELSPA e-Learning Platform Layout 
 

As already mentioned, the system is being implemented on 
top of Moodle (Modular Object-Oriented Dynamic Learning 
Environment) a free Web-based application that educators can 
use to create effective online learning sites. It has become very 
popular among educators around the world as a tool for 
creating online dynamic Web sites for their students. 

Moodle, like most learning management systems, contains 
essential tools like discussion forums, quizzes, wikis and file 
sharing, but it also contains much more than this. One of the 
key strengths of Moodle is its flexibility. It is modular in 
nature and can therefore be extended to include extra features 
relatively easily. In fact, there are over 600 additional modules 
for Moodle. And because Moodle is open source, these 
modules are all free for anyone to download and use as often 
as they like. Moodle has revolutionized the learning process, 
by offering an advanced and user-friendly solution for 
encouraging the collaborative work of students and teachers. It 
comes with a toolbox full of online teaching techniques that 
facilitate  and  enhance  the  proven  teaching  principles  and 
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traditional classroom activities. 

Figure 4 shows the architecture of the e-learning platform: 
Through the Web Interface and the User Control System, a 
user can manage courses content and users information 
according to his/her specific role (user type). All information 
is stored in the Moodle Repository. 

 
 

Figure 4: e-Learning Platform Architecture 
 

C. Users Management 
In this project we are concerned with four main types of 

users (Figure 5): Administrators, Teachers, Students and 
Guests. 

 
 

Guests 
view course 

 
Students 

participate in a course 
 

Teachers 
manage a course 

 
Administrators 

manage everything 
 
 
 
 
 

Figure 5: Types of Users 
 

1. Administrators can do anything within the e-learning 
system (e.g. course creation, user’s management). 

2. Teachers can do anything within a course. They are 
created by the Administrator. They are assigned one or 
more courses. They can manage and add content to 
these courses. They can manage the participation of 
Students to these courses. 

3. Guests can view courses but not participate. 
4. Students role can participate in course activities and 

view resources but not alter them. When students first 
join Moodle they see all available courses. Once they 
have enrolled or been enrolled into at least one course 
they then only see their own courses in the My Courses 
section of the navigation block or via the My Home 
link. A student's view and navigation in Moodle will be 

different from the course teachers or from students 
assigned to a different group. Administrators and 
Teachers determine how a student enrolls, and what 
they can do or see in a Moodle site. These permissions 
can vary with each course or with any of Moodle's 
many kinds of activities. For example,  in  some 
contexts, students may correct or grade other students' 
work, be encouraged to explore everything in a course 
and interact with other participants. In a different 
context, the student maybe guided upon a well-defined 
path, with minimal interaction with others. 

 

D. Course Management 
A course is an area where teachers may add resources and 

activities for their students to complete. It might be a simple 
page with downloadable documents or it might be a complex 
set of tasks where learning progresses through interaction. 
Progress can be tracked in a number of ways. 

The course page is made up of central sections which 
contain the tasks and (if desired) blocks to the side. The course 
teacher has control over the course layout and can change it at 
any time. 

Students can be enrolled manually by the teacher and the 
administrator, or they can be allowed to enroll themselves. 
Students can also be added to groups if they need to be 
separated from classes sharing the same course or if tasks need 
to be differentiated. 

 

E. Course Structure 
Each course consists of an introduction part and a set of 

modules (or sections or thematic units). Each module consists 
of a set of topics (or subsections) and each topic can obtain a 
set of static materials (resources) and a set of active materials 
(activities). The last module of each course is used for the 
course evaluation by its students. 
1. Course Topics 

Each topic can obtain a set of resources13 or activities14. A 
resource is an item that a teacher can use to support learning, 
such as a file or link. Moodle supports a range of resource 
types which teachers can add to their course sections. In edit 
mode, a teacher can add resources via a drop down menu. 
Resources appear as a single link with an icon in front of it 
that represents the type of resource. In this project we are 
mainly concerned about the following resources: 
• File - a picture, a pdf document, a spreadsheet, a sound 

file, a video file. 
• Folder - folders help organize files and one folder may 

contain other folders. 
• Label - can be a few displayed words or an image used to 

separate resources and activities in a topic section, or can 
be a lengthy description or instructions. 

• Page - the student sees a single, scrollable screen that a 
teacher creates with the robust HTML editor. 

• URL – a Web address that a student can reach using a 
Web browser. Flickr, YouTube or Wikipedia are a few 

 
13 http://docs.moodle.org/22/en/Resources 
14 http://docs.moodle.org/22/en/Activities 
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examples. 

An activity is a general name for a group of features in a 
Moodle course. Usually an activity is something that a student 
will do that interacts with other students and or the teacher. 
There are 14 different types of activities in the standard 
Moodle that can be found on the "add an activity" drop down 
menu. In this project we are mainly concerned about the 
following activities: 
• Assignments15 - Enable teachers to grade and give 

comments on uploaded files and assignments created on 
and off line. 

• Chat16 - Allows participants to have a real-time 
synchronous discussion. 

• Forum17 - Allows participants to have asynchronous 
discussions. 

• Feedback18 - For creating and conducting surveys to 
collect feedback, e.g. for course evaluation. 

• Survey19 - For gathering data from students to help 
teachers learn about their class and reflect on their own 
teaching, e.g. questionnaires. 

• Quiz20 - allows the teacher to design and set quiz tests, 
which may be automatically marked and feedback and/or 
to correct answers shown. 

• Lesson21 - for delivering content in flexible ways. 
2. Course Layout 

The course layout is the overall presentation of the course 
information according to the proposed course structure. All 
information needed is presented in the following table. Some 
of this information is required in every course and every 
supported language and some of it is optional. The existing 
course information is presented either as static materials (e.g. 
doc, pdf, ppt files), or as active materials (e.g. online 
assignment s or quizzes). 

 
TABLE I 

COURSE LAYOUT 
 

Description Type 
 

1 Course Introduction 
1.1 Full course title Required 
1.2 Course Description Required 

Characteristic icon or image for 
the course Optional 

1.4 Course Curricula or Syllabus Required 
1.5 Course teachers Required 
1.6 Images of the course teachers Optional 
1.7 CVs of the course teachers Required 
1.8 Related external links Optional 

2 Modules Area: Each Course may contain one or 
more Modules 

2.1 Module title Required 

 

2.2 Module description Required 
2.3 Module teacher name Optional 

 

2.4 Topics Area: Each Module may contain one or 
more Topics 

2.4.1 Topic title Required 
2.4.2 Topic presentation Required 
2.4.3 Topic videos Optional 
2.4.4 Topic assignment Optional 
2.4.5 Topic quiz Optional 
3 Course Evaluation  
3.1 Evaluation questionnaire Required 

 

 
 

IV. CONCLUSION 

Two e-training applications are presented and discussed. 
First, PoTrain is a Web-based application for training students 
to search and collaborate with other students or their teachers 
in order to distinguish and highlight positive news articles. 
Enhancing PoTrain functionality towards a) active 
involvement of the ‘teacher role’ (as a special user type) 
assisting students in developing useful skills and positive way 
of thinking and, b) search automatically on the Internet for 
spotting, suggesting and filtering positive news articles, are 
important directions for future work. 

The e-TRAWELSPA e-learning platform relies on Moodle 
for supporting the development of innovative ICT-based 
content and services for lifelong learning in regards to SPA 
services. Developing more interactive and customized e- 
learning courses is an important next step in future 
developments of the system. 
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Abstract — Considering the new approaches of higher 

education in terms of teaching methods, they are targeted 

more towards virtual environments. The first benefit 

would be the access to educational resources independent 

of location and time. With the widespread of mobile 

technologies, from mobile phones and tablets that support 

content distribution, social media communication and 

collaboration, teaching methods and technologies, teaching 

and learning must be adapted to these new challenges in 

online higher education. Therefore courses must be 

redesigned and structured in order to be accessible to 

individual study. 

The paper is focused on developing a template for online 

courses, starting from designing the main learning objects 

as resources and activities, including teaching materials, 

online assessments, questionnaires and communication-

interaction tools such as webinars, forums and chat.  

As a good practice example, we present the results from 

the application of a course evaluation questionnaire, in 

terms of structure, content, interaction between 

participants. Based on these results is made a comparative 

analysis between online and blended learning, regarding 

the fact that there are a lot of constraints that affect the 

way blended courses are developed, which can 

compromise their quality. 

In conclusion we present the main benefits of using this 

method of learning. As future work we make some 

remarks about improvements regarding the system and 

methods. 

 

Keywords — e-learning, blended learning, course template,  

I. INTRODUCTION 

 

The exponential development of Internet led to a similar 

development of online education, also named e-learning. The 

paradigm shift from traditional face-to-face education to e-

learning comes with several challenges. Adapted instructional 

design models are required. The learner-teacher interactions 

are distinct from traditional education ones, as well as the 

roles and implication assumed by teachers and learners. The 

structure and content organization necessary for an optimal e-

learning experience and efficiency have also specific 

requirements.  

With all these challenges, the paradigm shift from 

traditional to online education can be confusing for both, 

teachers and learners. There are also ongoing debates on how 

to better assess the quality of e-learning [1], [2], [3]. Most 

comparisons between e-learning and traditional education 

emphasized that it is not the environment, but the instructional 

design and quality of the online instruction that ensures the 

course efficiency and students’ learning [4].   

 

A. E-learning forms/ taxonomies and characteristics 

 

Since there are “too many definitions of e-learning” [5], in 

order to avoid confusion, we will first set the stage by 

choosing a definition of e-learning in accordance with the 

purpose of this paper. Therefore, agreeing with R.C. Clark and 

R.E. Mayer „We define e-learning as instruction delivered on 

a digital device such as a computer or mobile device that is 

intended to support learning.” [4]. 

There are three complementary components of e-learning, 

equally important for the quality of education: technology, 

learning content and learning design [5]. Depending on the 

various combinations of these aspects and the form they take 

they will result different taxonomies or forms of e-learning. 

For example, K. Fee identifies five models of e-learning: 

online courses, integrated online and offline learning, self-

managed e-learning, live e-learning and electronic 

performance support [5]. In this paper, we will consider a 

more used classification that differentiates between online 

courses and blended learning, which combines both online 

activities and face-to-face traditional methods [1]. 

The most challenging aspect of e-learning is represented by 

the instructional design, where confusion mostly occurs. It is 

important to differentiate between pedagogy, adult learning 

and online learning, as each involves a different educational 

design [6]. E-learning (allagegogy meaning “teaching to 

transform”) focuses on learner’s independence and the 

changing nature of lifelong learning [6].  

In choosing content and developing online courses it is 

important to consider the characteristics of online learner: 

ability to work independently and in groups, responsibility in 

completing assignments and readings, ability to learn using 
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content in various formats, time management and personal 

organization skills, and the knowledge and skills to use 

technology [6]. 

Other aspects to consider in developing online courses refer 

to: the structure and the components of a course, the 

multimedia resources, the teacher-learner and the learner-

learner interaction, the presentation/ delivery mode, and the 

role and selection of assessment methodologies. 

An adequate structure of an online course accomplishes 

several purposes: provides motivation to the learner, offers a 

logical sequence of learning, chunks the material in 

manageable modules of content, and offers the possibility to 

apply information in real life task situations.  

The structure we propose, in order to attain all the purposes 

stated above, includes:  

(1) a course description comprising the general objective of 

the course, the sequence of the modules, estimated time for 

completing the module, presentation mode and activities used, 

an explanation of how the assessment will be conducted;  

(2) each module of the course will begin with the 

presentation of specific objectives, and the structure of the 

course, followed by the content and activities that will put the 

learner in active learning situation such as problem solving or 

applying knowledge to real life situation, end it will end with 

a self-assessment questionnaire or another form of evaluation; 

(3) the final evaluation might have one or more components, 

depending on how complex it is intended to be. 

The level of interaction between teacher and learner, 

respectively between learners, depends to some extent on the 

technology used. E-learning platforms available, such as EDU 

Moodle used in our study, offer a wide variety of synchronous 

and asynchronous interaction, facilitating the constructive 

learning. 

 

B. The development of EDU Moodle Romania Network 

 

Worldwide there is an ongoing exponential development of 

online learning evidenced by various statistics both in 

academic and entrepreneurial settings. R. Davis and D. Wong 

noted that if in 2001 approximately 3 million people were 

involved in some form of e-learning, in 2006 their number 

increase to 6 million people [2]. Statistics concerning an 

American north-eastern university emphasize a growth from 4 

online courses in 1996 to over 500 courses in 2010 [1]. 

The same increase in using e-learning for training was 

noted in the work force. R.C. Clark and R.E. Mayer (2011) 

present the situation of training delivery via computer in the 

United States:  approximately 11% in 2001, 29% in 2006 and 

36.5% at the beginning of 2010. 

The situation of e-learning in Romania follows a similar 

trend, even though at a smaller scale. Since there is a lack of 

clear statistical information about the evolution of Romanian 

e-learning, we will only consider the situation of the EDU 

Moodle Romania Network, where such information can be 

provided. 

EDU Moodle Romania Network aims to increase the 

quality of high school education system through the creation, 

development and implementation of scholar and extra-

curricular activities. It places particular emphasis on the 

practical and applicative methods using innovative ways of 

teaching and learning. 

By creating and supporting this educational network, we 

achieve a significant step in the alignment of Romanian 

education to European educational system and achieve a 

permanent exchange between national and international 

educational institutions in the virtual environment. The 

importance of the proposed activities will bring added value to 

the Romanian educational environment by filling the lack of 

eContent: courses, tests, manuals, tutorials, workshops. 

Teachers and students will carry out, practically, all activities 

and the applications referred to in education process using the 

virtual learning environment like Moodle. 

EDU Moodle Romania supplies education and training for 

teachers for the growth and development of the knowledge 

society. 

The network being free of charge we ask instead that 

colleges and schools to participate in our actions, events and 

webinars on edu.moodle.ro platform and work with as many 

students and teachers in school. We have a positive feedback 

from the students and teachers involved. 

Romanian education will change in the future, using this 

platform schools will work with modern tools for teaching, 

learning and assessment. 

EDU Moodle Romania Network gathers more than 230 

schools, over 12.000 users, students and teachers engaged in 

social and educational activities. Moodle's philosophy is 

social constructivist, meaning that all the players bring their 

knowledge and experiences together so that the learning 

process is interconnected and social. The participation in the 

network is free of charge so the financial impediment does not 

exist. For the future the network will expend even more 

regarding the National Ministry of Education's new agenda. 

 

While most studies focus on the assessment of quality and 

efficiency of e-learning, few of them consider the experience 

of the actors involved. Therefore, we consider important to 

comparatively see how e-learning, blended learning and 

traditional education is perceived by learners and teachers. 

 

II. METHODOLOGY 

 

A. Objectives and hypothesis 

 

The aim of our study is to gather data and form an accurate 

image about the way e-learning, blended learning and 

traditional education are perceived by both, students and 

teachers. More precisely, we want to see how much the 

participants acknowledge the importance of various elements 

and characteristics of a course, considering that their 

evaluation might be included in quality assessment. 

Since blended learning includes elements from online as 

well as traditional education, we consider that it might be 

confusing for all participants. Thus, our general hypothesis 
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asserts that most elements and characteristics of a well 

designed course are considered less important for blended 

learning than for e-learning and traditional education. 

 

B. Participants  

 

In this study were included 279 participants with the age 

ranging from 14 to 59 years (Mean = 18.43; SD = 7.18). All 

participants were logged in users of EDU Moodle Romania e-

learning platform. There were 37.3% males and 62.7% 

females. Most of them were high school students (92.8%), but 

there were also college students (1.8%) and teachers (5.4%). 

Regarding the participants’ experience with the online courses, 

41.6% declared they had no experience with online courses, 

while 50.2% followed at least on blended learning course. 

Only 8.2% attended exclusively online courses. All 

participants had extended experiences with traditional 

education. 

 

C. Instruments 

 

In order to assess the way people perceived e-learning as 

compared to blended learning and traditional education, we 

developed an online questionnaire.  

The questionnaire was designed to assess the importance 

of course elements and characteristics for each type of 

education: e-learning, blended learning and traditional 

education. The course elements and characteristics included 

are relevant for all types of education, even though some are 

less used. These element are: course objectives, course 

structure, combining visual and verbal information, audio-

video materials, applied exercises (applications), debates, self-

assessment tests, students' collaboration, teacher-student 

interaction, time flexibility, location flexibility, mobile 

facilities, ease of assignments completion, final assessment, 

additional materials. 

The questions regarding the course elements were grouped 

in two sections. First, the participants were asked to mark one 

of the three types of education that each element was more 

relevant for. Second, for all types of education the participants 

had to appreciate how relevant were each element and 

characteristic considered using a five point liker scale. 

Demographic data were also collected. 

 

D. Procedure 

 

The questionnaire was posted online, using EDU Moodle 

Romania e-learning platform, in order to be accessed only by 

logged in users. Then an invitation was sent to all users. All 

data were gathered during a period of two weeks. 

In order to post the questionnaire online we used the 

“Questionnaire Module” developed by Moodle. Figure 1 

illustrates how the questionnaire was seen by participants. 

 

 

 

 

 

Fig. 1 A print screen of the applied questionnaire 

 

The questionnaire module used to do the research has the 

following types of questions: 

 Check Boxes 

 Date Box 

 Dropdown choices 

 Essay box - HTML editor possible, set width and 

height of box 

 Numeric - can set length and number of decimal 

places 

 Radio buttons - have labels you determine for each 

question 

 Scale - can customize in many ways 

 Text box 

 Yes/no 

“The Moodle Questionnaire module is a survey-like type 

of activity. It allows teachers to create a wide range of 

questions to get student feedback e.g. on a course or 

activities”. [7] 

 

III. RESULTS 

 

The data were analyzed using IBM SPSS 19 statistical 

software. Descriptive and inferential statistics are presented 

and explain below. 

We first computed the percentage of participants who 

considered that a particular element or characteristic was most 

important for one type of education. We did this for each type 

of education: e-learning, blended learning and traditional 

education. Synthesizing the results, we represented all 

percentages in Figure 2.   Thus, the objectives were 

considered as being more important for e-learning by 44.8% 

of all participants and for traditional education by 35.1% of 

participants. Only 20.1% of participants considered that 

objectives were most important for blended learning.  
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A careful analysis of these data emphasizes that for each 

element or characteristic of the course, the greater percentage 

was obtained either for e-learning or traditional education. 

The elements considered as being most important for e-

learning were course objectives, course structure, audio-video 

materials, applied exercises (applications), self-assessment 

tests, time flexibility, location flexibility, mobile facilities, 

ease of assignments completion, final assessment, additional 

material. For traditional education were considered as being 

most important: combining visual and verbal information, 

debates, students' collaboration and teacher-student interaction.   

 

 
Fig. 2 The percentage for each element being considered as most 

important in the care of the three learning types 

 

The frequency differences obtained for each element and 

characteristic of the course were statistically significant, as 

shown by the chi square test values obtained. The chi square 

test values ranged from 8.581 to 125.677 (p<= .001). 

In order to see which elements of a course are considered 

more important for the three types of learning the mean was 

calculated for each element. Then, repeated measures of 

Analysis of Variance were used to assess the significant 

differences in function of the type of learning, and Bonferroni 

post hoc test for emphasizing the differences between each 

two learning situations. 

Significant differences were obtained only for some 

elements of the course as shown by the significance level 

(p<= .05) in Table 1. Significant differences in function of 

learning type were found for: course objectives, course 

structure, combining visual and verbal information, audio-

video materials, applied exercises (applications), debates, 

students' collaboration, teacher-student interaction, location 

flexibility, ease of assignments completion, final assessment, 

additional materials. 

 

 
Fig. 3 The means obtained for each course element in function of the type 

of learning 

 

Objectives were considered significantly less important for 

blended learning as compared to e-learning and traditional 

education (p=.008 and p=.011). No significant difference was 

obtained for the importance of objectives in e-learning and 

traditional education. 

Course structure was considered significantly more 

important for e-learning than for blended learning (p=.017). 

Combining verbal and visual information in a course was 

considered significantly more important for e-learning and 

traditional education as compared to blended learning (p=.012 

and p=.013). 

Using audio and video materials was considered more 

important for e-learning than for blended learning (p=.001), 

but no different from traditional education. Applied exercises 

were considered less important for blended learning than for 

e-learning and traditional education (p=.000 and p=.049). 

Debates were assessed as being significantly more 

important for traditional education as compared to e-learning 

and blended learning (p=.001 and p=.000). The same pattern 

showing significant differences between traditional learning 

and the other two types of learning was obtained for student 
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collaborations, considered more important in traditional 

classrooms (p=.005 and p=.000).  

Teacher-student interaction was considered more 

important for traditional education and e-learning, the means 

being significantly greater than for blended learning (p=.013 

and p=.001). 

The results for the flexibility of location sow a greater 

importance in e-learning than in blended learning (p=.041), 

but no other significant differences were found. The same type 

of results was found for the ease of completing the 

assignments. 

The assessment was appreciated as being significantly 

more important for e-learning and traditional education than 

for blended learning (p=.006 and p=.009). For the access to 

additional information a significant difference was found only 

between e-learning and blended learning (p=.001). 

There was no significant influence of the type of learning 

for the role of self-assessment tests, time flexibility, and 

mobile facilities. 

 

  online blended traditional F p 

objectives 3.72 3.53 3.74 5.406 .005 

structure 3.84 3.68 3.76 3.848 .022 

visual and 

verbal 

information 3.99 3.8 3.97 5.383 .005 

audio-video 3.96 3.73 3.81 5.962 .003 

applications 4.03 3.76 3.93 8.502 .000 

debates 3.52 3.5 3.79 10.54 .000 

self-

assessment 

tests 3.82 3.7 3.81 1.745 .176 

students' 

collaboration 3.71 3.67 3.93 8.625 .000 

teacher-

student 

interaction 3.96 3.76 4.01 7.396 .001 

time 

flexibility 3.8 3.73 3.82 0.867 .421 

location 

flexibility 3.73 3.56 3.72 3.525 .030 

mobile 

facilities 3.67 3.59 3.57 1.094 .336 

ease of 

assignments 

completion 3.96 3.79 3.83 3.109 .045 

assessment 3.84 3.62 3.82 6.067 .003 

additional 

materials 4.05 3.81 3.89 5.536 .004 

 

 

IV. CONCLUSIONS 

 

The results of this study might be considered surprising, as 

they emphasize the little importance given to blended 

learning. But this only shows that the line between online 

learning and traditional education is rather blurry for both, 

teachers and students. 

In the Romanian educational environment, most 

universities promote blended learning as being the method 

that uses what is the best in e-learning and traditional 

learning. Our study shows that the perception of blended 

learning is not as positive as one might expect. 

The study also highlights some misconception concerning 

the three types of learning considered. We will point the most 

important ones.  

First, most educational theories emphasize the importance 

of collective construction of knowledge in e-learning, based 

on student-student interactions [5, 6]. Our results show that 

students consider this type of interaction as being 

significantly less important in e-learning and blended 

learning as compared to traditional classes. As long as this 

perception persist it will be difficult to promote the co-

construction of knowledge in e-learning courses. The role of 

debates follows the same misconception.  

Most promoters of e-learning and blended learning 

consider that their advantages include time as well as location 

flexibility. If our participants caught the importance of 

location flexibility, there were no differences concerning 

time flexibility.  

The results of this study give place to many following 

developments. First of all, more college students and teachers 

should be included in further studies in order to have more 

balanced samples. Comparing the results of high school 

students, college students and teachers might also bring 

enlightening results.  

Taking into consideration the type of results high lightened 

by this study when using students’ assessment in evaluating 

the quality of e-learning might be important. 

ACKNOWLEDGMENT 

REFERENCES 

[1] D. Lewis and E. Chen, “Factors Leading to a Quality E-Learning 
Experience” in T. Kidd, Online Education and Adult Learning: New 

Frontiers for Teaching Practice, New York, USA: Information Science 

Reference, 2010. 
[2] R. Davis and D. Wong, “Conceptualizing and Measuring the Optimal 

Experience of the eLearning Environment”, Decision Sciences Journal 

of Innovative Education, vol. 5, pp. 97-126, Jan. 2007. 
[3] R. Donnelly and K.C. O’Rourke, “What now? Evaluating eLearning 

CPD practice in Irish third-level education”, Journal of Further and 

Higher Education, vol. 31, pp. 31-40, Feb. 2007. 
[4] R.C. Clark and R.E. Mayer, e-Learning and the Science of Instruction: 

Proven Guidelines for Consumers and Designers of Multimedia 

Learning, 3rd ed., San Francisco, USA: John Wiley & Sons, 2011. 
[5] K. Fee, Delivering E-Learning: A complete strategy for design, 

application and assessment, London, United Kingdom: Kogan Page, 

2009, p.14. 
[6] L.A. Tomei, “A Theoretical Model for Designing Online Education in 

Support of Lifelong Learning”, in T. Kidd, Online Education and Adult 

Learning: New Frontiers for Teaching Practice, New York, USA: 
Information Science Reference, 2010. 

[7] M. Patrut and B. Patrut, Web 2.0 in Education and Politics. The Social 

Media Revolution, Saarbrucken, Germany: LAMBERT Academic 

Publishing, 2013. 
 

80



Involving Students in Teaching Process – 
Encouraging Student-Generated Content 

in ICT Studies 
Helena Kruus, Peeter Ellervee, Tarmo Robal, Priit Ruberg, Margus Kruus 

Department of Computer Engineering 

Tallinn University of Technology 

Raja 15, Tallinn 12618, Estonia 
helena.kruus@ati.ttu.ee, lrv@ati.ttu.ee, tarmo@ati.ttu.ee, 

priit.ruberg@ati.ttu.ee, margus.kruus@ttu.ee

Abstract — This paper deals with new paradigms rising in 
contemporary teaching, where classical “teacher-to-student” 
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I. INTRODUCTION 
The field of information and communication technology 

(ICT) is undoubtedly one of the most rapidly evolving 
branches of education, where learning materials have to be 
updated constantly, both in content and form of delivery in 
order to be appealing and exciting to the younger generation 
of engineering students today. Contemporary teaching 
paradigm is shifting form classical “teacher-to-student” 
approach where the students can be seen mainly as receivers 
and consumers of knowledge and learning from the materials 
presented to them by lectures, professors and other 
professionals to more flexible and diverse ways of teaching 
and learning. Terms student engagement, student-generated 
content, learning-by-teaching are becoming more and more 
popular. With the “student-to-student” approach the 
knowledge gained during the studies can be used as a platform 
for creating versatile, attractive and engaging study content 
for future students in a way that is more understandable, 
entertaining and engaging. 

In this paper, we describe our experience at the Department 
of Computer Engineering of Tallinn University of Technology 
in involving engineering students into the process of creating 
learning content on various ICT subjects. Over the recent 
years, the academic staff of TUT DCE has encouraged 
students to participate in teaching process by creating their 
own study materials on the chosen subject. We describe 
student-generated material actively used in the teaching of 
various ICT engineering subjects today - such as 
programming, digital systems design, computer arithmetic and 
so on. The forms of delivering such materials vary from web-
based learning objects and Java applets to Android 

applications, lab kits and hands-on exercises based on 
embedded microcontrollers.  

II. BACKGROUND 
It is quite common that students are seen as the consumers 

of the learning content [1], using the materials that have been 
developed by the others – teachers, instructors etc. However, 
merely absorbing the knowledge from such content is not 
appealing and efficient way of learning. One possible addition 
to common way of presenting materials is to use student-
generated content. In its essence, the student-generated 
content has, in one way or the other, always been a part of a 
learning process, in form of essays, research papers, lab 
reports and so on. However, it is fair to say that just few years 
ago, these works were often seen by only two people – the 
student and the teacher and usually are not seen as presenting 
any practical value in the following teaching process. These 
days we can see more and more educational value in student 
work.  For example, many higher education institutions are 
using Web 2.0 technologies, implementing e-Portfolios and 
wikis, where students can typically share the content they 
have created. 

During past few years, the use of student-generated content 
is being more a more encouraged, resulting in environments 
such as PeerWise[2], Quizlet[3] and others. One can find 
many good quality learning videos on video-sharing websites 
such as YouTube and Vimeo, educational applets on various 
subjects, animations and so on. So it is fair to say that students 
are very talented, capable and versatile educational content 
creators. Also, being students themselves, they often find 
simple and appealing ways to present even very complicated 
topics and subjects. In addition, trough research and creating 
they are broadening their own knowledge not only in the 
subject at hand but also many other domains, for example 
technologies used in creating and presenting their material, 
such as deeper knowledge of smartphones etc. 

The academic staff of TUT DCE has provided the students 
the possibility to participate in the teaching process by 
creating their own partially of fully web-based study material 
on the chosen subject of Computer and Systems Engineering 
curricula. Students’ task involves everything lecturers face 
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every time when compiling teaching  materials – extensive 
research of the given subject, deep analysis, choice of form 
and means of delivering the knowledge to students. 

III. STUDENT-GENERATED STUDY CONTENT –THE EXAMPLES 
In this section we present and describe some examples of 

partially of fully web-based study content created by students 
as a part of their Bachelor’s or Master’s degree work.  

Figure 1 represents an overall view of how the works 
presented in this paper are connected and compliment each 
other, creating a universal “student-to student” framework that 
allows learners  to enhance and deepen the knowledge gained 
from the lectures and support their studies by using multi-
purpose learning aids created by their fellow students. 

 
Fig. 1 Structure of the framework of student-generated study materials 

These examples show different approaches to creating 
study content, varying from using HTML and JavaScript 
technologies and fully functional learning objects with added 
means of self-evaluation to smartphone applications and 
microcontroller kits. 

A. Computer Arithmetic and Logic – Simulators 

The subject “Computer Arithmetic and Logic” belongs to 
the module “Basic of Computer Systems” of Computer and 
Systems Engineering curricula. One of the goals of this 
subject is to give an overview of the digital number systems 
and their applications and introduce different ways of number 
presentations. 

Few years ago, two web-based simulators of arithmetic 
operations were developed as part of two Bachelor’s degree 
works [5][6] that are still actively used during this course. 
Both simulators are implemented as dynamic web-
applications based on HTML and JavaScript technologies.  

The first of these simulators (Fig. 2) provides the following 
functionality: 

 Mathematical operations in the binary system, such as 
addition, subtraction, multiplication, division 

 Mathematical operations with floating-point numbers 
with different lengths of mantissa and exponent 

 Mathematical operations in different number systems  
 Mathematical operations in binary-coded decimal BCD 

number system. Two types of BCD codes are presented: 
8-4-2-1 and XS3 

 
Fig. 2 Simulator I – BCD code based calculations 

For each group of operations, the user can choose the initial 
data and also decide if he or she is interested in seeing the 
details of the calculation (Fig.3). That way, the simulator can 
be used both as a tool for studying and understating different 
number systems and algorithms as well as for self-
examination in understanding the material. 

 
Fig. 3 Details of calculations provided by the simulator 

The second simulator is also aimed at supporting the 
studies in the area of number systems and related algorithms. 
The functionality provided by this simulator is slightly 
different: 

 The subtraction in balanced ternary number system. 
This number system consists of set {1,0,-1}. The 
simulator a allows to choose the numbers of digits in 
fractional part to control the accuracy of calculations 

 The subtraction in the BCD number system. Every digit 
of decimal value is presented with four bits long binary 
code. The types of BCD codes used are 8-4-2-1 and 
XS3 

82



 The addition of the floating-point numbers. The 
simulator allows user to choose the length (in bits) of 
the mantissa and the exponent. The radix is 2 

 The subtraction of integer values in a usual binary code. 
The values can be both positive and negative.  

 Multiplication in binary number systems with negative 
base. This number system allows to get rid of the sign 
bit. The task demands to invert the multiplication factor. 
 The conversion of decimal numbers to the given 
number system. The conversion of both integral and 
fractional decimal numbers to the numbers system with 
base from three to seven. 

In this implementation the user is also provided with an 
opportunity follow the steps of the solution for study purposes 
as well as use the simulator for self-evaluation. 

For both these simulators, the students had to not only 
deeply investigate and learn all the presented algorithms but 
also explore different alternatives of creating attractive and 
helpful web-based study aid. 

B. Mobile Application For Exploring Basic Gates Of Digital 
Logic 

The thorough knowledge of basic gates of digital logic is 
definitely a domain where most ICT students should have 
deep and comprehensive knowledge. As a part of Bachelor’s 
work [7], an application for studying elements of digital logic 
for Android OS smartphones was developed. This application 
can be used during the second semester of Computer and 
Systems Engineering curricula studies in subject  
“Computers I”, during which, among other topics, the students 
get the theoretical base of logic design, knowledge about 
digital logic devices and design of digital circuits. It can also 
be used during later studies – for example in subjects “Digital 
Systems”, “Testing of Digital Systems” etc. 

 
Fig. 4 Learning object on digital logic – information view 

The learning object (Fig. 4) was created to be used to study 
basic elements of digital logic. The application is programmed 
in Java in Eclipse development environment and it works on 
Android OS based mobile phones. The application is internet 
based and uses web services to acquire data.  

This mobile application gives an opportunity to investigate 
basic elements of digital logic and their behavior, get 

information about each of the basic elements and test the 
knowledge of the user. 

There are four main views the user can work with: 
 Information view – provides the information about all 

basic elements of digital logic, the notations as well as 
truth tables 

 Study view – the user can choose a gate and gets an 
opportunity to analyze the outputs of the chosen gate 
with different inputs 

 Test view – the user can choose a gate and test his or 
her knowledge by answering test questions 

 General view – the user can choose between the three 
views described above 

In the process of creating this application the student did 
not only have to repeat and systemize the knowledge of basic 
gates of digital logic but also research and apply his 
knowledge in Android OS and usage of Android SDK in 
Eclipse environment, different data transmission formats, such 
as JSON and SOAM, XML data representation, accessing web 
services and also work on appealing visual side of the 
application.  

C. Java-based Learning Object “Behaviour of Digital Logic 
Gates” 

An another approach to teaching basic concepts in digital 
logic was shown in Bachelor’s work [8], where an idea for 
creating intelligent learning object on digital logic based on 
ontologies written in Ontology Web Language (OWL) and 
using web services as a tool for learning and teaching was 
proposed.  

The user interface of the created learning object contains 
three different pages the user can access by clicking on the 
corresponding tab on the left side of the screen (Fig. 5). 

 
Fig. 5 Part of the user interface describing AND-gate 

The first page displays the most important information 
about the chosen digital logic gate – the symbol of the gate 
and its description, the truth table and different properties such 
as such the number of transistors, number of inputs, outputs, 
power consumption and so on. It is also possible to display the 
related elements with their serial numbers and an example of a 
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simple digital design. The user can explore different gates of 
test his or her knowledge but inputting a signal containing up 
to 24 bits and see the corresponding output. On other two 
pages, the learning object also provides information about the 
available technologies and shows all the elements in the used 
ontology. 

The described application is a great example of using 
different web services and ontologies in order to create 
flexible and versatile learning objects that can be incorporated 
into different learning environments, such as for example  
e-EDU learning environment that has been developed and is 
actively used in TUT DCE [9][10].The web service has been 
developed in such a way that basic gates can be considered as 
atomic ones out of which more sophisticated services can be 
composed, taking advantage of the web services paradigm. In 
this way one can compose combinational schemas of several 
elements, as the output of one instance can be an input to 
another one – it is a question of making sequential service 
requests now. For example, one can easily build up an 
educational tool on triggers using the basic gates available in 
our web service (e.g. asynchronous SR trigger on NOR gates). 
Thus, describing basic logic gates as services, the latter can be 
used to compose whatever like schema for distributed 
simulations. 

D. Learning Object “The Concepts of Object-oriented 
Programming” 

For every ICT student, programming is a necessary skill. 
The first subjects teaching the students programming during 
the Computer and Systems Engineering curricula, are 
“Programming I” and “Programming II” which are taught 
during first and second semester respectively. These subjects 
introduce different programming languages and paradigms. 
Among other topics, a lot of attention is paid to object-
oriented programming (OOP). 

Interactive learning object explaining the basic concepts of 
object oriented programming “The Concepts of Object-
oriented Programming” (Fig. 6) was created as a result of 
Bachelor’s work [11]. 

 

 
Fig. 6  The introductory page of the learning object 

The key parts of the learning object are the definitions of 
concepts and presentations made with Prezi[12] that visualize 

the connections between objects, therefore clarifying the given 
examples. In addition the author created tests with Quiz 
Maker[13] and programming exercises to test the gained 
knowledge. The introductory part of the learning object 
contains an overview, list of learning outcomes and learning 
instructions. The learning outcomes were formulated by the 
author in the following way: 

Having finished working with this learning object a student: 
 Understands the basic ideas of the object-oriented 

programming 
 Is familiar with the concepts used in object-oriented 

programming 
 Is able to create simple Java programs 

The OOP concepts covered by this learning object are as 
follows: 

 the definition of object-oriented programming, 
 object and class, 
 inheritance, 
 polymorphism, 
 abstract class and interface. 

The key parts of the learning object are the definitions of 
concepts and interactive presentations that visualize the 
connections between objects, thus clarifying the given 
examples. 

After working with theoretical material containing visual 
study materials and relevant examples (all the example codes 
are provided), the student has an opportunity to test his or her 
knowledge by writing simple Java programs to solve given 
problems. Student can also evaluate his or her solutions by 
comparing them with provided example solutions. 

     
   (a)list of quizzes                                (b)example of a question 

Fig. 7 Self-tests quizzes in the learning object 

In addition, the student is provided with seven self-test 
quizzes (Fig. 7) that also provide an opportunity for the 
student to test his or her knowledge and get feedback on the 
success of the quiz. 

E. Learning object “Data Structures and Using Pointers in C 
language” (work in progress) 

As programming subjects “Programming I” and 
“Programming II” for Computer and Systems Engineering 
curricula students includes a substantial part devoted to 
programming in C language, an interactive learning object 
helping students comprehend such important concepts as data 
structures, using pointers and dynamic memory allocation will 
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be a useful addition to the existing study materials. This work 
is being done as a part of Bachelor’s thesis[14] and will serve 
as good basis for working with the lab kit based on embedded 
microcontrollers, which will be described below. 

The learning object consists of the theoretical part with 
explanations, examples and educational videos, and the 
practical part with self-evaluation quizzes and tasks to be 
solved. After successfully completing all parts of the learning 
object, the student: 

 Understands and knows how to use the data structures 
used in C programming language 

 Is familiar with the use of pointers and pointer 
arithmetic in C programming language 

 Has a clear understanding of dynamic memory 
allocation in C programming language 

F. Operating systems scheduler simulator: CPU scheduling 
algorithms 

For Computer and Systems Engineering student there 
should be no misunderstandings when it comes to computers 
hardware and process handling. The simulation of scheduling 
algorithms for CPU (Central Processing Unit) of the 
computer was the subject of Bachelor’s thesis [15]. The work 
provides thorough overview different CPU scheduling 
algorithms such as: 

 First come, first served (FCFS) 
 Shortest job first (SJF)  
 Shortest remaining time first (SRTF)  
 Round Robin (RR) 
 Priority algorithm 

In addition, an interactive platform-independent CPU 
scheduler simulator that can be accessed online was created 
(Fig. 8) using W3C DOM (Document Object Model) 
technology. The simulator has a user friendly and easy-to-
follow interface, allowing the learner to explore, analyze and 
simulate different algorithms. 

 

 
Fig. 8 CPU scheduler simulator user view 

The created simulator does not need any installation, it is 
supported by all browsers and can be run on any platform. The 
code is written using XTHML and CSS. The work also 
contains detailed diagrams describing different presented 
algorithms. 

During the process of creating this application, the student 
did not only have to become familiar with different CPU 
scheduling algorithms but also research different possibilities 
for implementation, including considering different 
alternatives such as using Java language or Adobe Flash. 

G. Lab kit based on embedded microcontrollers 

One of the topics covered by subjects “Programming I” and 
“Programming II” is using programming language C to create 
programs for microcontroller. As a result of master’s degree 
work “Embedded Microcontroller Based Hands-on Exercises” 
[17] the suitable lab kit was developed along with 
comprehensive web-based study material, examples and 
various hands-on exercises for individual work. The hardware 
side of the kit is microcontroller kit from Microchip 
Technology Inc.[18], which was complemented by 7-segment 
display, DIP switches and a pushbutton (Fig. 9).  

 
Fig. 9 Microcontroller lab kit  

The task was to create the lab kit from the scratch – starting 
from the choice of the platform and suitable software, 
adjusting the hardware, which included installing 7-segment 
display, DIP switches and a pushbutton. To choose the 
suitable platform, extensive research and analysis was 
performed in order to formulate to requirements, including the 
programming language, use of USB port, compatibility with 
operating systems, financial restrictions etc. Based on that 
analysis Starter Kit PICkit2 with PIC16F690 microcontroller 
from Microchip Technology Inc. was chosen. After designing, 
creating and testing the prototype of the lab kit, three more 
kits were produced. In addition, suitable software libraries 
were programmed, which include special functions for the use 
of the input-output devices. To develop the software part of 
the kit, the integrated environment MPLAB X provided by 
Microchip Technology Inc. was used. MPLAB X is 
compatible with both Windows and Linux operating systems, 
which are both used in our department. In order to use C 
language for programming the PIC16F690 microcontroller, 
freeware HI-TECH Lite Compiler for PIC10/12/16 MCUs was 
added.  
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Fig.10 Example code given to the students 

The kit was developed to be used during practical lessons, 
so students could apply their knowledge of programming 
language C working in small groups to create programs for 
microcontroller, using the functionality of the kit. An example 
program given to the students can be seen in Fig. 10. 

Different levels and topics of practical exercises were 
proposed to the students: from very easy to very difficult, 
covering the topics from simple control of the LEDs to 
creating an egg-timer. When solving these tasks, students also 
have to apply their knowledge in basic gates of digital logic in 
order to create the programs correctly. 

Currently the kit is being actively developed further in 
order to be used in other hardware related lectures, such as for 
example “Embedded Microcontrollers”  

IV. CONCLUSIONS 
With the shift in teaching paradigm, student-generated 

content has become a valuable addition to the educational 
materials generated by teachers and lectors. It provides not 
only wide learning opportunities to the creator of the content 
but is also a way to provide other students with versatile 
possibilities to acquire knowledge. In this paper, we described 
some examples study material created by the students, that are 
interconnected and complimenting each other providing 
flexible and wide-ranging study content to students of 
Computer and Systems Engineering curricula. Students have 
proven to be excellent in finding new and modern ways to 
present the learning content as well as creating comprehensive 
quizzes, self-tests and exercises aimed at learners’ self-
assessment. In addition, through the research and creation 
process, they broaden their own level of knowledge not only 
in engineering subject at hand, but also in other fields – the 
tools and means of delivering content, the use of modern 
technologies, such as smartphones and tablets. The skills and 
experience acquired during this work have already proven to 
create strong addition to the future engineers’ expertise. We 
are happy to see that this trend is continuing, bringing new 
students willing to contribute not only to their own education 
but also to the education of their fellow students. 
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Pros Contras 
Students learn to plan their own 
work and to do research and 
organise themselves. The 
teacher stands outside and is 
ready to guide and help. 

Suddenly getting a project work 
can be quite overwhelming for 
students who haven’t been 
exposed to it. The teacher should 
take special care that the student 
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Abstract— Inclusion of mini projects within a course is usually 
practiced at all levels in most of the universities/ university 
colleges with different names (such as course works, term 
assignments, projects etc.), and weights with respect to the course 
credits. In the context of this paper, these assignments are called 
case projects, as they are often case studies conducted as 
projects. Usually such an assignment will be given to a group of 
3 to 4 students during the term with working form based on some 
aspects of PPBL (Problem/Project Based Learning). Three 
different cases are presented in this paper from three different 
intuitions in Germany and Norway. A summary of student and 
teacher experience from these institutions is also presented. The 
model of case projects included in a normal course (5 to 10 
ECTS) in Electrical, IT and Systems & Control Engineering is 
compared with a full-fledged group project (20 ECTS) run in 
Telemark University College, which is tuned to generate new 
entrepreneurial ideas, which were presented in European arenas 
in the context of Student Enterprise and Young Entrepreneurs. 
A new PBL/PBBL methodology called Agile methods and Scrum 
is also presented. Agile methods and Scrum are predominantly 
PBL/PBBL methods are becoming popular due to their enhanced 
learning outcomes and are capable of being integrated into both 
hardware and software assignments. Brief technical descriptions 
of three different projects are also discussed. Case projects can 
be used as catalysers for injecting new ideas, form and content to 
courses in general, as found in the studies of such practices in the 
two nation involving three institutions. 
Keywords - PBBL, Case projects, innovations, Agile/Scrum, 
entrepreneurship 

 
I. INTRODUCTION 

 
This paper presents some pertinent issues related to the 

inclusion of PBL/PBBL in engineering curricula as practised 
in one German (JUCAS) and two Norwegian higher 
educational institutions (BUC). This is not a study on pedantic 
usage of PBL/PBBL, which can be seen in institutions 
running courses purely based on PBL/PBBL. We look into the 
various stages and relevant aspects of PBL/PBBL and how 
these can be exploited for setting realistic and relevant 
learning goals and achieving appropriate learning outcomes in 
the collaborative efforts by the teachers and students 
practising a learning model using some elements of 
PBL/PBBL. 

PBL/PBBL has been extensively used by the medical 
faculties around the world. Within Scandinavia, Roskilde 
University (RU) and Ålborg University in Denmark have a 
long tradition in the usage of PBL/PBBL. Ålberg University is 
seen as a trendsetter for PBBL. Similarly, TUC has strongly 
supported project work with interdisciplinary features since 
1982. In TUC, the interdisciplinary nature has been stressed in 
the faculty of technology. In BUC, elements of PBL/PBBl are 
found in semester assignments in the Faculty of Engineering 
involving projects in engineering designs and IT projects. 

 
 

II. PBL/PBBL – PROS AND CONTRAS 

Traditional learning environments and students/staff 
involved in such environments were obsessed with problems 
and their solutions where the answers were unique and mostly 
given. In PBL/PBBL, the solution (answer) may not be unique 
and certainly not available at the beginning. 

 
A combination of teacher-student classes, projects and 

practical problems is found to be attractive to the students and 
can help to define appropriate learning goals and set 
“measurable” learning outcomes, involving all aspects of 
engineering related to a given case study, encompassing 
hardware/software, design, testing and implementing the 
solution in a real life scenario, either in the industry or in the 
lab. This would stimulate students and make them interested 
in the topics and their sphere of influence/applications. This 
approach creates a platform for students’ independent thinking 
and innovativeness and leaves imprints on the students by 
engaging many facets of the topics covered during the studies 
by the students and the staff involved in the process. 

 
 

TABLE 1 
 

PROS AND CONTRAS OF PBL/PBBL 
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 comes through the planning and 
organising phase with satisfaction. 

Students get a good preparation 
for later life, they will not 
always have their teacher to 
“feed” them with information 

Special care should be taken of 
students who are doing this first 
time and are used to being fed by 
the teacher 

Students learn to be more 
independent 

May cause some 2spells” insecure 
moments. Teacher and technical 
staff should be always available 
for support/advice 

There is a great chance the 
student learns more in a project, 
where he/she has to do all the 
research. This knowledge is not 
easily forgotten, whereas some 
of the information one otherwise 
learns at school is easily 
forgotten. 

There is also a chance the students 
don’t learn much at the project, 
either because they didn’t succeed 
doing the planning and organising 
phase, or because the 
responsibility lies on their own 
shoulders, without a teacher to 
control them. 

Students develop more interest 
to the subject the minute they 
have to organise their work and 
research themselves. 

In extreme cases, the teacher may 
deliver a cook book recipe like 
material to the students. This can 
lead to boredom and indifference 
among students. 

Collaboration with others and 
with people with different 
technological background 

Demanding at times for weaker 
students 

Students learn techniques 
related to project work (such as 
planning, meetings, minutes of 
the meetings, setting milestones 
etc.) 

Demanding tasks for the teacher 
particularly when weak students 
form the majority of the project 
group 

Students learn how to interpret 
different kinds of information 
sources, and to filter out reliable 
information 

Different information sources can 
easily confuse students and the 
result may be that the students 
really can’t get a grip on the 
subject. 

Students learn to plan and to 
follow the plan/schedule and to 
deliver progress reports in 
project meetings or web-based 
reporting 

Needs well organizes meeting 
schedules and web-platforms for 
information diffusion 

Students get a chance to show 
their innovative talents 

Necessary hardware/software 
support should be available 
without failure. 

 

 
Course 
Code 

Courses & PBL/PBBL 
Topic ECTS PBL/PBBL or 

related weight 
TOD 061 IT Systems and Society 5 30% 
TOD 076 System Development 

and Web Applications 
10 30% 

TOD 112 Developmental tools 
C#,/.NET 

5 30% 

TVE 077 PC Based 
Instrumentation 

5 40% (T.A. and 
60% oral exam 
mostly based 
on T.A.)) 

 

 

STUDENTS 
 
 
 
 
 
 
 
 
 
 
 

INDUSTRY ACADEMIA 
 
 

Fig. 1 The importance of SIA triangle in PBL/PBBL 
 
 
 

 
 

Fig. 2 The advantages of SIA triangle in PBL/PBBL showing the process 
from  knowledge base to expertise. From [16] 

 
 
 
 
 
 
 
 

Inclusion of PBL/PBBL in the curricula and involvement of 
and good interaction with relevant partners/sections of the 
industries can be of good “value” for both the students and the 
staff of both industries and the academia. This interaction has 
been referred as the “SIA” triangle, Fig. 1. The advantages of 
such an interaction based PBL/PBBL is schematically 
illustrated in Fig. 2. 

III. PRACTICE USING TERM ASSIGNMENTS  IN BUC 
In BUC, some elements of PBL/PBBL are .found in the 

term assignments given to students in the Department of 
Computing, Mathematics and Physics of the Faculty of 
Engineering. 

 
TABLE 2 

ELEMENTS OF PBL/PBBL IN BUC IN SELECTED COURSES (NOT EXHAUSTIVE 
LIST) 
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Similar approaches are used in many of the topics covered 

in the Faculty of Engineering at BUC. Most of the term 
assignments are based on the model based on SIA triangle. 

 
Pertinent observations related to the term assignments and 

their assessments and impacts on students can be summarized 
as follows: 

 
• The final grade is based on the grades obtained in the 

written exams and weighted incorporation of the 
grades obtained for the term assignments.. Term 
assignments are presented at the end of the term. 

• Some students performing rather weak in the written 
exam get very much improved overall grades due 
to the grades in their respective term assignments 

• Due to intensified focus on term assignments, some 
students may feel that their focus on other subjects 
offered during a particular term may be less 
intense 

• Term assignments are very often interdisciplinary 
 
 

IV. PRACTICE USING PROJECTS  IN JUAS 
 

The examples presented here is from one of the 
Universities of Applied Sciences in North Rhine-Westphalia, 
which is the most populous state in Germany. University of 
Applied Sciences were founded in the 1960’s. The 
Universities of Applied Sciences in Germany offer 
Management, Electrical Engineering, Mechanical Engineering, 
and IT and some of these offer also Civil Engineering, 
Architectural Engineering, Social and Health Sciences. 

General strategy in JUAS as found in similar institutions in 
other neighbouring regions is to start with PBL/PBBL 
approach somewhat later in the studies, the reason being the 
need for the students to acquire the fundamental concepts in 
basic sciences and engineering concepts before they launch on 
projects. As a result, elements of PBL/PBBL are first found 
from the fourth term onwards, so that the students can use of 
broader knowledge base obtained during the earlier terms. 

 
A. Project Engineering /Management 

Students following Engineering Management has a 
spectrum of topics covering ~ 40% Engineering, ~40% 
Management and ~20% Integration of both disciplines. As the 
students need to be tuned to tackle problems involving 
engineering and management decisions, the projects defined 
do frequently have components from both disciplines. 

In fact, the project is a component of the curriculum as 
shown in Fig. 3 

 
 

B. Extension to International Projects 
 
 

Starting some decades ago and now with increasing 
intensity, all  the  courses offered in the higher educational 

 
institutions strive to have international components/links. 
With this in mind, the courses in Engineering Management in 
Germany, belonging to the top export oriented countries, are 
designed to have international components in most of the 
courses offered. 

 
 

 
 

Fig. 3 Project as an integral part of the curricula 
 

In projects, it is mandatory that every group has an 
international partner. Very often, our partner organization in 
the Netherlands is involved in such PBL/PBBL based work. 
Sometimes, other international partners are also involved. The 
project is run by each partner institution sending and receiving 
50% of the groups from each other. The language used in 
conjunction with the project is English. These projects are 
mandatory for all students in Engineering management and 
are supervised by two professors, one with engineering and 
the other with management background. 

 
C. Some details on the international projects from the module 

description of JUAS 
The PBL/PBBL component of the Project 

Engineering/Management should facilitate the students to 
tackle and solve complex problems from Engineering 
Management with interdisciplinary elements, involving real 
life industrial/engineering scenarios, with focus on technical, 
economical, ecological and social implications of the project. 
The project needs to be presented in a solution oriented form 
in a report and should be  presented in a forum involving 
students, staff and industrial partners. The project group is 
self-managed and should disseminate information on the 
outcomes and methodologies of the project and help to train 
any future users of the outcomes of the project, The 
presentation in a forum should help the students to learn to 
tackle time and peer pressure and the process as a whole is 
planned to help the soft skills needed by an engineering 
manager. 
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Technical Knowhow 25% 
Economical  Knowhow 25% 
Management knowhow 25% 
Analysis and Integration of the whole 25% 

 

Achievement (Knowledge) 
Level 

Level 

Level achievable when the 
student collaborates with 
someone 
(LEVEL 3) 

 

Level achievable when the 
student works alone 
(LEVEL 2) 
Present Level 
(LEVEL 1) 

 

: 

 
TABLE 3 

ELEMENTS OF OTHER DISCIPLINES IN PBL/PBBL AS USED IN JUAS 

D. Some recent projects at JUAS  

Some recent projects done by the students of JUAS and 
Netherlands are: 

a. Planning a Windmill park – Technical and Economic : 
Aspects 

b. Planning a Heat Pump based power station- Technical 
and Economic Aspects 

c. Different Real Life problems from Logistics 
 
 

Fig. 6  PBL/PBBL approach in the fourth term at JUAS 
 

V. CASE PROJECTS  IN TUC 
 

PBL/PBBL elements in a course needs some form of 
collaboration with fellow students and with the SIA-triangle 
model also between students, staff in the academia and experts 
in the industries, possibly involving the usage of dedicated 
hardware/software encountered in the project. As a group, one 
learns a lot more than as an individual, particularly in most of 
the engineering disciplines. The knowledge levels achievable 
in different learning scenario are schematically presented in 
Table 4. 

 

 
 
 
 

Fig. 4 Heat Pump based power station as a case study used by students of 
JUAS reflecting the current technological and socio-political trend in the 
energy market 

 
TABLE 4 

 
KNOWLEDGE LEVELS (SCHEMATIC) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. Wind Mill Park as being observed by German Chancellor Angela 
Merkel. Wind farms are currently very much in focus in Germany and hence 
the case studies in the form of projects in Germany. 

 
 

The PBL/PBBL element in the curricula appears in the 
fourth term as indicated in Fig. 6. 

A closer tie to the industrial partners usually enhances the 
performance of all three members in the SIA triangle of Fig. 1. 
Interesting aspect of the SIA golden triangle is that the process 
has  a  tremendous  synergy  that  the  level  enhancement  is 
mutual in a positive SIA working relationship. The benefits of 
co-operative learning are discussed in [2, 3] and our belief is 
that these benefits are not only at individual student level but 
also at the level of organisations. 

 
A. Case projects at TUC in Spring Term 2013 
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Company Project 
Ulefoss Jernverk (1) A study of sand mould Anomalies 
Ulefos Jernverk (2) Detection of Molten Metal Freezing in 

flow of smelts 
Emersons Process 
Management 

(3) Usage of DCS based on DELTA V for 
control Processes 

 

 
Course 
Code 

Courses & PBL/PBBL 
Topic ECTS PBL/PBBL or 

related weight 
EE4107 Cybernetics Adavanced 5 50% 
EE4209 Model Based Control 5 50% 
SCE4206 Systems and Control 

Laboratory 
5 70% 

IA4412 System/Software 
Engineering 

10 70% 

 

 
We give the list of case studies we took up in autumn 1999 

in collaboration with different industries as part of a 
PBL/PBBL environment. The students discussed the problems 
with the teacher, the lab-engineers in the university and the 
technical experts in the various industries. The students 
following the lectures were all invited by some of the firms to 
visit the facilities and  to discuss the issues  with technical 
personnel at site before they decided to select the projects. 

 

TABLE 5. 
 

CASE PROJECTS TAKEN UP FOR THE SUBJECT “SOFT SENSORS” 
 
 
 
 
 
 
 
 
 

We look into one of the projects in Table 5, viz. case (1): 
Production Optimisation involving sand moulds used in metal 
casting of objects ranging from manhole covers to engine 
blocks . This project was collaboration between the TUC and 
Ulefoss Jernverket. The results from this PBL/PBBL 
assignment have been found to be of possible usage for 
process improvements at Ulefoss Jernverk. 

 
Fig. 7 and 8 show two different processes controlled and 

run using a Distributed Control System (DCS) based on an 
industrial DCS program called DELTA V of Emersons 
Process Management. In conjunction with these projects, the 
students were directly in contact with developers of Emersons 
Process Management and industrial users of DELTA V to test 
out some new technologies. This process was a typical win- 
win scenario for all parties involved, including the developers, 
particularly in getting the hardware/software integration to 
function. 

 

 
Fig. 8 Distributed Control System (DCS) for process control of a rig 
emulating some features of Underbalanced Drilling (UBD) with a plethora of 
networked sensors (both wired and wireless) for monitoring temperature, 
pressure, flow and acoustic emission. 

 
B. Agile teaching methods 

Various teaching methods are used in the instruction: 
classroom teaching, laboratory instruction, and the use of 
computer tools. The Bachelor’s and Master degree 
programmes at the Faculty of Technology is project-oriented 
in that many of the courses are conducted as projects. This 
pedagogical method gives students greater responsibility for 
their own learning as well as experience with problem 
analysis, seeking information, contacts to industry  and 
industrial actors and problem solving. Work is done in groups, 
often in close cooperation with local industry. 

 
These study programmes use several  different forms of 

assessment: examinations, projects, laboratory exercises and 
assignments. 

 
In addition to purely  project oriented courses, PPBL is 

closely integrated in other courses as well. PPBL is in use in 
most of the courses at TUC, but at different levels and with 
different weighting. 

 
Table 6 lists some of the courses with highest PPBL 

weightings. 
 

TABLE 6. 
 

PPBL COURSES AT TUC WITH HIGH PBBL WEIGHT 
 

 
 
 
 
 
 
 
 
 

Fig. 7 Distributed Control System (DCS) for process control of powder flow 
in three hopper silos using DELTA V 

 
 

Traditional teaching methods contain a large number of 
ordinary lectures followed by pen and paper based exercises. 
Sometimes the lectures are followed by laboratory work or a 
small case project at the end of the semester. In the other end 
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we have project courses where there are no lectures at all, only 
much larger and more practical assignments the students shall 
tackle on their own and hand-in written reports at the end of 
the course. As a rule, these assignments have contents 
involving hardware and software. 

 
A pertinent question posed by many students and staff is: Is 

this the optimal way of teaching? These traditional methods 
offer very little variation. 

 
Agile methods (in comparison to the more traditional 

waterfall approach) have become very popular in modern 
software development today. Why don’t the students/staff use 
these modern methods in an education environment such as a 
University or a University College? In fact such methods can 
be easily incorporated in workshops dedicated to software 
development. 

 
In Figure 9, we see different teaching methods. We see how 

this new approach differs from the more traditional methods. 
It is more flexible and offers larger room for more variations 
in scope and content for the students and staff. 

 
This new approach based Agile methods, leads to more 

active/innovative students because there are few ordinary 
lectures and more focus on PBL/PBBL. In fact, the Agile 
methods can be classified as student centred teaching/learning 
methods with great potential for enhancing learning outcomes. 

 
One of the most popular Agile methods today is Scrum. 

Agile methods such as Scrum have less focus on 
documentation. 

 

 
 

 
Fig. 9.  Teaching methods: Traditional lectures/exercises vs. agile methods 

 
Agile is a group of software development methods using an 

iterative and incremental approach. The software is available 
to customers every 2-4 weeks for inspection. The approach is 
based  on  self-organizing  and  cross-functional  teams.  The 

 
interdisciplinary approach creates a real working environment 
involving many actors as shown in Figure 10. 

 

 
Fig. 10. Teams and different roles involved showing interdisciplinary nature 
of the PBBL approach based on agile methods, here using Scrum 

 
The Scrum approach offers a more flexible way of 

education with more opportunities for hands-on experience 
during the learning process. It is a practical approach with less 
focus on documentation. It is well known among the staff as 
well as among students, that too much documentation is 
especially a problem among bachelor students. This is not a 
way of bypassing the need for learning to create and work 
with documents, but a choice to create a learning environment 
more amenable for all the students in need of acquiring 
professional skills. The ability to work with and create 
documentation can usually be tackled in dedicated courses 
elsewhere in the curricula. 

 
In Figure 11, we see the Scrum approach used within a 

teaching environment. 
 

 
Fig. 1.  Scrum approach used in teaching involving strong elements of 
PBL/PBBL approach. Note that the supervisor (teacher) is the product owner. 

 
Although Agile and Scrum are primarily used within 

software development, it can be used as an ordinary method 
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for project planning and tracking in most of the courses by 
properly tuning each activity for a particular course. 

 
In Scrum, the work to be done is divided into iterations 

lasting between 2-4 weeks (these iterations are called sprints 
in Scrum terminology). During the iteration the team members 
have short and regular meetings to make sure that the project 
is on track. At the end of each iteration, the results/goals are 
reviewed and discussed together with the 
stakeholders/customers. Then the next iteration is planned, 
and so it goes on until the whole set of iterations is finished. 

 
 

C. Learning by doing 
This exercise of learning by doing implicitly involved in 

PBL/PBBL, gives the students many positive challenges and 
opportunities because of the following points: 

 
• Learning to work in groups. 
• Students were given various tasks in collaboration 

with the industry, thus learning the communicating 
methods used in the industry. 

• Students had to learn about the industrial process and 
environment 

• Students had to follow industry  procedures  in 
handling chemicals, materials and equipment. 

• Students had to be creative and find solution to their 
problems and choose appropriate sensors, having 
the technical and economic aspects always in mind. 

• Some of the students decided to run some tests, just 
to verify that their solution worked 

• Write a report. 
The most positive aspect with this “learning by doing” with 

this kind of project is that the students in a group had the 
induced possibility to be creative, which would have been 
almost impossible to achieve in this form in traditional teacher 
centred learning environment. 

 
D. Motivation in PBL and final examination 

 
The set of goals of the project in the context of PBL were: 

to learn about practical problems, sensors, security routines, 
and communication and to gain an overall understanding of 
the subject. By using practical work one could achieve this set 
of goals more efficiently. The model, we have used here can 
also enhance the learning of theory via practical work in the 
industry. 

 
The examination form has also a lot to do with the 

motivation for the different ways of learning. If the 
examination has a dominant focus on theoretical knowledge, 
the students won't be motivated to do laboratory and practical 
work with the same eager. 

 
The examination  was based on the report and oral 

presentation of the project description and results from the 
activities of the members of the project group PBL. 

 
VI. Y-VEI AND STUDENT ENTERPRISE AT TUC 

 
A. Y-Vei at TUC 

“Y-Vei” (Y-path, Y stands for “Yrke” – ~Vocation) is a 
Norwegian word indicating a path to higher education in 
Universities or University Colleges based on formal 
vocational training with adapted training in subjects like 
Mathematics and Physics/Chemistry in the respective 
universities before admitting the candidates with vocational 
training to higher studies. The Y-vei is a specially designed 
study programme for students with trade certificates / 
apprenticeships making the path to bachelor or master degrees 
in selected fields appropriate to their vocational training. . 
During 3 years, these students can achieve a bachelors 
engineering degree and if they choose to  do so, they can 
continue to study for a master degree following a 2-year 
master programme in their specialities. 

 
This model was practised in TUC for a long time and has 

been very successful and the candidates are very often valued 
highly by the industries, particularly because of their 
experience with PBL/PBBL based education at TUC. 
Although the terminologies PBL/PBBL are not explicitly used 
in all the courses designed for the “Y-Vei” students, all the 
group based projects are very often based on PBL/PBBL 
approach. 

 
In conjunction with a course on “Measurement & 

Instrumentation”, although involving some challenges, a 
combination of “Y-Vei” students and ordinary students 
coming direct from the secondary schools in PBL/PBBL 
based projects helps to enhance the learning outcomes for the 
“ordinary” students as well as for the “Y-Vei” students, as 
they have the role of imparting their practical knowledge to 
the others without much practical experience. In addition, the 
strategy of enrolling “Y-Vei” students tallies with the  EU 
vision of accomplishing LLL (Life Long Learning) in most of 
the technological disciplines. 

 
B. Student Entrepreneur at TUC 

 
 

Within the European Countries, there is a collaboration and 
competition in conjunction with “Young Entrepreneurs”. This 
is a concept used in educational environments to motivate 
innovations and entrepreneurship. Usually, the students start 
with a concept based on some novel concept focused on new 
product development and innovation with a definite goal of 
establishing an enterprise at the end. The students go through 
all the steps involved in establishing an enterprise including 
economic planning, IPR-studies, handling personnel 
placements in the initial phases of the establishment of the 
enterprise. In such EU-competition, the “Y-Vei” students with 
or with some participation of “ordinary” students have always 
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in the competitions nationally and at European level, many 
time winning the first prize. This overwhelming performance 
of the “Y-Vei” students is partly to be attributed to the 
PBL/PBBL approach they have in their curricula. 

 
 

VII. AVOIDING PITFALLS AND FRUSTRATIONS 

 
In using a PBL/PBBL based learning environment, it is 

mandatory that all the practical aspects involving 
hardware/software are well checked and available/functional. 
Any small “hiccup” in either hardware or software can create 
frustration and loss of motivation among students and 
coaching staff and lab personnel. In fact, in a case like the one 
described in Fig. 8, involving a plethora of sensors and 
actuators, any one unit failing can put a stop to the whole 
project. Some sensors and actuators may need weeks or 
months for replacement/repair and can hence lead to 
termination of planned activities, which is very problematic 
for the students and staff. A good rule of thumb in planning 
PBL/PBBL activities is that enough replacement units are in 
storage of all the sensors and actuators and all software used 
are with the necessary support from the vendors. This 
observation is narrated here due to some personal experience 
of the authors of this paper involving hardware failure 
involving the flow loop described in Fig. 8. 

 
VIII. CONCLUSIONS 

PBLPBBL based curricula in engineering curricula in 
collaboration with the industries are found in many 
universities, as are the cases from two University Colleges in 
Norway and one in Germany. Encouraging the student 
involvement in the selection of topics right from the beginning 
using the SIA triangle and facilitating PBL/PBBL in relevant 
subjects can help to improve the learning process 
tremendously. The PBL/PBBL case projects conceived in 
collaboration with the industries for the evolving course 
content in an engineering curriculum in close collaboration 
with the academia and the students are fruitful for all involved 
and can even lead to innovations, which can lead to new 
enterprises, as the case studies involving the “Y-Vei” students 
of Norway show.. The PBL/PBBL based learning are dynamic 
and helps to eliminate the recycling of course material and 
content very much prevalent in many academic institutions, 
either at secondary or university level. 

The success of the PBL/PBBL arrangement and the 
establishment of enterprises are very much dependent on the 
interest and energy flow in the SIA triangle. Formalised 
agreements at the top are not enough to gain the most out of 
such SIA triangle. Experience  shows that individuals with 
interest for synergy benefits in the SIA triangle can promote 
this endeavour, thus leading to better curricula and attractive 
engineers to the society as a whole. 

 
The success with “Y-Vei” students predominantly working 

with ~PBL/PBBL based curricula endorses the importance of 
this approach in most of the engineering curricula. 

Experience shows that a dedicated course to the teachres 
involved in PBL/PBBL based activities can improve the 
quality of work and the learning outcomes. In addition, the 
holistic planning of course with and without PBL/ PBBL is of 
paramount importance to avoid unnecessary problems and at 
times even frustrating events impeding the progress of the 
planned work. 

 
IX. ABBREVIATIONS 

PBL Problem Based Learning 
PBBL Problem/Project Based Learning 
BUC Bergen University College 
JAS Jade University of Applied Sciences 
TUC Telemark University College 
LLL Life Long Learning 
Y-Vei    Yrkes  Vei  –  Students  following  bachelor 

studies based on their vocational training 
after some dedicated coaching in subjects 
like Mathematics, Physics/Chemistry 
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Abstract— This paper presents our research efforts to develop 

digital technologies for undergraduate university mathematics. 

We employ participatory design methods in order to involve 

teachers and students in the design of such technologies. The 

results of the first round of our design are included in this paper 

along with future research directions. 
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I. INTRODUCTION 

The importance of mathematics education is widely 

acknowledged. Its (inter)disciplinary, practical, and cultural 

value has been highlighted since the first schools made their 

appearance. Moreover, the social and political dimension of 

mathematics education has been extensively studied [1]. 

Despite its importance, performance of many 

undergraduate university students in mathematics education is 

poor ([2], [3]). Poor performance in mathematics has been 

recognized as one of the main causes of dropout at university 

level [4]. Difficulties in the exposition and development of 

mathematical ideas create difficulties in performing well in 

core subjects and thus developing a sense of general failure in 

undergraduates. Moreover, performing poor in mathematics 

lowers self-esteem and increases the anxiety level of students, 

making them more prone to drop out of university [5]. 

In the last decades, the rapid development in ICT has 

provided new possibilities for education to integrate digital 

technologies into schooling and thus enhance teaching and 

learning. Such technologies have been widely used to face 

challenges in mathematics education both in primary and 

secondary schools, and in a lesser extent in universities [6].  

However, the use of such technologies has not met yet the 

initial expectations on reforming teaching and learning [7]. 

The efforts described in this paper are related to our ongoing 

research that explores the challenges of integrating digital 

technologies to support mathematics teaching and learning at 

university level. We are particularly interested in 

undergraduate university studies where mathematics is not a 

core subject, but it is fundamental for coping with core 

subjects (e.g. engineering, media technology, medical studies). 

Students in such studies lack not only background in 

mathematics but also motivation to study this subject, since 

the relation between mathematics and their study is often not 

evident [8]. We believe that the introduction of digital 

technologies in mathematics education for these students can 

contribute to increase motivation, since it offers new 

possibilities for mathematics representation and for 

connecting mathematics with the other subjects of their 

studies.  

The paper is organized as follows: section two presents our 

methodological approach, namely participatory design, which 

aims at involving teachers and students in this research effort. 

Afterwards, we introduce a set of design implications for 

digital tools in mathematics education that was compiled 

during our collaboration with teachers and students. The paper 

ends with a discussion and an outline of our future work. 

II. PARTICIPATORY DESIGN 

Participatory design – also called cooperative design – is 

the inclusion of all stakeholders within a development team, 

such that they actively help in setting design goals and 

planning prototypes [9]. It is an approach that attempts to 

ensure that the product designed meets the stakeholders’ needs.  

In the field of technology-enhanced learning, participatory 

design has been used in order to enable teachers and/or 

students to participate effectively in the design of digital 

educational tools [10]. It is expected that active participation 

of the target group will result in tools that will correspond to 

their needs and interests, and thus be engaging and better 

accepted [11].  

Since we are focusing on students who lack motivation, we 

decided to adopt a participatory design method. By involving 

students in the design, we aim at developing tools that 

students will find interesting and attractive, and consequently 

at increasing their motivation to study. Furthermore, we want 

to investigate how teachers and students can contribute to this 

design collaboration. We are guided by beliefs that both 

groups should participate effectively in the design of 

educational applications, and that their expertise in education 

(each group is considered to be an expert in different aspects 

of education) could be especially critical. Each participant 

should be seen as an equal element contributing to the design, 
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but at the same time none of them should have the full 

responsibility for the participatory design decisions.  

As a first step in our design, we decided to investigate how 

the “Mathematics for Multimedia Applications” course is 

taught for Media Technology students and how digital 

technologies could contribute in improving teaching and 

learning for this course. This course is given during the 

second (spring) semester and introduces mathematics needed 

for media technology applications by covering basic elements 

of Calculus, Trigonometry, Geometry, and Algebra.  

The course is conducted in the form of lectures, which are 

followed by exercise sessions in groups. The lectures are 

given by a professor, who follows a transmission teaching 

model and uses slides projected on the wall for 

communicating the content of the curriculum. After these 

lectures, the students have to work in groups in hand-in 

assignments. The teaching assistants support the students 

during this process but only when the students ask for it. In 

order to complete successfully the course, the students have to 

pass an individual written examination. To be eligible to take 

the exam, students must hand in half of the assignments. 

Our participatory design involves two professors, two 

teaching assistants, and seven students in Media Technology. 

One professor comes from the Mathematics department, and 

teaches the introductory mathematics course, called 

“Mathematics for Multimedia Applications” at Media 

Technology.  The other professor teaches technical courses at 

the Media Technology department that require mathematical 

knowledge. The teaching assistants come from the same 

department and they support the students during their exercise 

time. Both of them were previously students at Media 

Technology. All the students are in their second semester and 

currently attending the “Mathematics for Multimedia 

Applications” course.  

 Our hypothesis was that incorporating all participants 

in one design team would create barriers in expressing 

criticism for established practices or for other participants’ 

performance. Therefore we approached each group separately 

and established different ways of collaborating with each 

group. The framework for collaboration with our three groups 

(professors, students, and teaching assistants) is presented in 

the following sections. 

A. Collaboration with Professors 

In order to establish a common ground, and to avoid 

obstacles imposed by the culture and professional jargon of 

software design in our interaction with professors, we created 

a cooperative relationship between the professors and a 

software engineer, which spanned the fall semester of 2012. 

The software engineer worked with them in five sessions to 

design an intervention based on digital technologies for the 

“Mathematics for Multimedia Applications” course.  

During this phase, we gave full control to the professors to 

decide what kind of digital technologies should be introduced 

in the course, and which parts of the curriculum would be 

suitable for working with such technologies. Our goal was 

twofold. Firstly, we wanted to identify how they conceptualize 

the introduction of digital technologies in this course and what 

they consider to be important. Secondly, we aimed at gaining 

professors’ acceptance and use of our intervention, by 

developing applications that they value and are familiar with.   

After this initial phase, we would have a prototype to share 

with students and teaching assistants that they could comment 

on. As it is aforementioned, in participatory design no one 

should have full control of design decisions, and therefore the 

design team was aware that this would be an initial attempt 

that would undergo evaluation and redesign by the other 

groups and the researchers. 

B. Collaboration with Students 

At the beginning of the semester we asked for volunteer 

student groups to cooperate in our design. One group 

composed of seven students, three females and four males, 

responded to our request. The collaboration with this group of 

students took part in thirteen focus group discussions that 

followed their exercise time [12]. We chose focus group 

discussions rather than interviews because focus group 

discussion produces data and insights that would be less 

accessible without interaction found in a group setting. 

Listening to others’ verbalized experiences stimulates 

memories, ideas, and experiences in participants, which could 

not be achieved through a one-on-one interview. 

During these sessions one of our research team moderated 

the focus group discussion on students’ experience with the 

specific course assignments. The moderator was asking 

questions to encourage students to participate, probing when 

necessary, but mainly was listening and taking notes. The 

students were very eager to reflect on the lecture and 

assignments they just had, and were also critical on the 

developed applications. Moreover, they proposed ways to 

improve teaching of the specific part of the curriculum. 

C. Collaboration with Teaching Assistants 

Although teaching assistants play a subsidiary role in the 

“Mathematics for Multimedia Applications” course, we 

believe that their contribution to our design is valuable. By 

having the opportunity of supporting the students while they 

are working on their assignments, they get insight into which 

parts of the curriculum are challenging for students. Moreover, 

the current assistants have been also students in Media 

Technology and therefore have an overall perception of both 

teaching and learning of mathematics in this study.  

 Our collaboration with the teaching assistants was 

established in the form of group interviews during the 

semester. During these interviews we aimed at getting 

feedback on how students worked in their assignments and 

whether and how they used the developed applets. Based on 

this feedback, we crosschecked the data we were gathering 

during the focus group discussions with students. Moreover, 

we sought proposals on improving our intervention based on 

their experience and observations. 

D. Observation of teaching and learning 

In order to get insight in the process of teaching and 

learning in its natural setting, we have conducted overt, direct 

observations of seven lectures and of seven exercise sessions 
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(for the group that we are collaborating with). During these 

observations we gathered data on individual behaviours of 

students and teachers (the professor and teaching assistants) 

and interactions between them. Moreover, we were able to 

evaluate the introduction of the developed applets in the 

course. These findings will be incorporated in the future steps 

of our design and are presented in the next section. 

III. RESULTS 

The preliminary results reported in this paper concern the 

initial phase of our participatory design, where an intervention 

conceptualized by teachers was performed in an introductory 

mathematics course, and then feedback from students and 

teaching assistants was gathered, together with suggestions for 

alternative interventions. The aim of this phase was to 

investigate what parts of the curriculum our groups consider 

to be important or challenging and how they conceptualize the 

introduction of digital technologies in mathematics. Table 1 

summarizes the findings regarding which parts of the 

curriculum are considered challenging by our groups, 

informed also by our own observations of students working on 

their assignments.  

TABLE I 

CHALLENGES IN THE CURRICULUM REPORTED BY TEACHERS AND STUDENTS 

Topics Challenges 

Basic arithmetic  Negative numbers, absolute value, factors 

and multiples, adding/multiplying fractions 

Algebra Difference between a variable and a 

parameter, notation of a function, 

summation operator (∑), properties of 

systems of linear equations 

Trigonometry Definition of sine and cosine in the unit 

circle, trigonometric functions and their 

diagrams related to the unit circle, 

difference between radians and degrees 

Calculus Definition of derivative, meaning of 

derivative, applying the chain rule in 

differentiation, finding the anti-derivative of 

a function,  

Geometry Vectors: addition, dot product 

In various topics Proof of theorems 

 

Our findings from collaborating with the different groups 

seem to suggest that professors, teaching assistants and 

students do not always share same perceptions about how the 

mathematics curriculum should be taught and which parts of it 

are challenging. While professors focus on visualizing 

mathematical concepts (e.g. trigonometric functions, 

definition of derivative, addition of vectors), students and 

teaching assistants stress the importance of focusing on basic 

mathematics first and also presenting applications of 

mathematics in Media Technology. The overall results can be 

summarized in the following: 

 An important finding is that allowing professors to 

choose the tools for developing applications facilitated 

communication between them and the software 

engineer, since they chose software that they had used 

before and were comfortable with. Moreover, it enabled 

them to act as designers and actively participate in the 

development of the applications, by making adjustments 

and corrections. 

 Geogebra was the tool chosen by professors, because it 

joins geometry, algebra, tables, graphing, statistics and 

calculus in one easy-to-use package, and it is free and 

open source software [13]. Moreover, the fact that 

graphics, algebra and tables are connected and fully 

dynamic was considered of great importance by the 

professors. 

 At the beginning of our sessions both professors agreed 

that teaching and learning for the “Mathematics for 

Multimedia Applications” would be enhanced by 

incorporating interactive learning material (applets) in 

teaching in order to visualize core mathematical 

concepts. This material was not connected directly with 

course assignments, a fact that resulted in students not 

using it during their exercise time.  

 Our observations confirm the perception that 

collaboration in design of educational material is 

beneficial both for teachers’ professional learning and 

students’ learning [14]. 

 Teachers and students have in some cases different 

perceptions of challenging concepts in mathematics and 

envisage the role of digital technologies in different 

ways. Students mentioned topics (such as the 

summation operator and the anti-derivative of a 

function) that teachers consider trivial. Furthermore, 

they stressed the importance of connecting mathematics 

with its application in the specific study. They proposed 

the development of illustrations of media technology 

projects, where mathematics was applied, in addition to 

the interactive illustrations. Moreover, they proposed to 

develop course assignments based on the interactive 

applets, while keeping a part of the current assignments 

(solved by-hand). They consider by-hand solution 

important to the learning process. 

 

IV. CONCLUSIONS 

In this paper we have illustrated how our initial 

participatory design efforts resulted in a set of interactive 

learning activities that were used in teaching a mathematics 

course in Media Technology students. These activities provide 

visualization of mathematics concepts that teachers considered 

important and challenging for students. By conducting focus 

groups with students following this course, we were able to 

get feedback on challenging subjects in the course and on 

improving the learning activities. We also conducted 

observations of lectures and exercise time of the course, in 

order to gain insight on problematic areas and adapt our 

research on dealing with them. 

One issue that needs to be considered is the different 

perceptions of teachers and students about how digital 

technologies can be introduced to mathematics education and 

what the challenging topics are. Our participatory design 

enables us to consult both groups and design interventions that 
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are based on both perceptions. Moreover, an important issue 

that became evident while observing students in exercise time 

is that the level of difficulty and interactivity of the developed 

educational material should be adjusted to students’ cognitive 

ability. If the learning tasks evolve fast and are complicated 

compared to students’ abilities, then they would not have any 

added value. On the other hand, if learning activities evolve 

slow or are trivial, students would easily lose interest. Finally, 

connecting mathematics to its applications is very crucial if 

one wishes to improve student engagement and performance. 

The next stage is to use the aforementioned findings to 

better inform the design of a four-session workshop in 

mathematics. This workshop will serve as an introduction to 

the fifth semester courses “Computer Graphics Rendering” 

and “Computer Graphics Programming” in Media Technology. 

We will collaborate with the teachers involved in these 

courses in order to define the relevant topics, and to develop 

supporting educational material for the workshop. Our aim is 

to prepare students for these courses that require mathematical 

knowledge. In order to evaluate the effect of the workshop 

will implement pre- and post-testing. Furthermore, we will 

further explore the possibilities for creating tools to support 

collaboration and enhance performance in mathematics 

learning environments. 
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Abstract—The project named “A Web-based E-Training 

Platform for Extended Human Motion Investigation in 

Orthopedics” addresses equally medical and biomedical 

engineering needs, proposing formation of specialists that will 

apply the principles of medical and biomedical engineering 

sciences in order to improve the patients’ condition. The paper 

presents this Leonardo da Vinci project (ToI), its aims and the e-

learning platform that offers to orthopedic doctors and engineers 

interested in the medical field, a common learning tool, with 

interdisciplinary approaches, trying to close the gap between 

engineering and medicine, by creating a new e-learning 

environment for human motion analysis. 
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I. INTRODUCTION 

Very fast developments of the society and technology 

require professionals that may carry out properly work. From 

this reason the European Commission’s introduced a Lifelong 

Learning Programme ―that enables people at all stages of their 

lives to take part in continuing professional development, as 

well as helping to develop the education and training sector 

across Europe‖ [1]. This programme funds a range of actions 

and sub-programmes. One of them is Leonardo da Vinci 

Programme that funds several types of projects in the field of 

vocational education and training [1]. 

―The aim of Leonardo da Vinci Multilateral Projects 

"Transfer of Innovation" is to improve the quality and 

attractiveness of Vocational Education and Training (VET) in 

the participating countries by transferring existing innovations 

to new legal, systemic, sector, linguistic, socio-cultural and 

geographic environments through working with transnational 

partners‖ [1]. 

Biomedical Engineering (BME) represents the application 

of engineering principles and design concepts to biology and 

medicine. It combines the design and problem solving skills of 

engineering with biological and medical sciences to improve 

healthcare diagnosis, monitoring and therapy. [2] 

Educational programmes in the field of BME had their 

origins in the 1950s when several formalized training 

programmes were created [3], [4]. By the year 2005, more than 

200 universities of applied science, polytechnics, schools, 

academies and other institutions in Europe offered educational 

programmes in BME at all academic levels [3], [4].  

Medical profession is regularly faced with the problem of 

keeping up to date with medical knowledge in a rapid 

developing field and unpredictable schedules, so adding 

border notions as evaluation of walking by using contact and 

force plates, computational models for virtual motion analysis, 

video acquisition and analysis of human motion is difficult to 

achieve on individual basis. More, this knowledge must be 

achieved by professional interface with biomedical engineers. 

We need to form specialists with specific expertise related 

to the assessment, correction or replacement of functions that 

affect motility. This can be achieved only by understanding 

the basic concepts, technological principles and their 

interdisciplinary application. The ability to make 

measurements and interpret data from motion analysis through 

biomedical engineering techniques should be associated with 

the ability to identify, formulate and solve problems faced by 

patients and determining the most appropriate treatment. 

Only through an interdisciplinary approach and 

achievement of border knowledge by both involved (medical 

and engineering) will be possible to improve quality of care. 

The rapid developments in the last years not only require a 

well-prepared work force but also rapidly adapting training 

programs. In this case, distance learning is a viable alternative, 

motivating the development of a number of web-based 

learning environments. In this context there is also an 

increased need for e-learning methods, tools and platforms to 

be used in medical and biomedical engineering education. 

This is also reflected in the number of European projects 

launched on this subject in the past few years.  

As it is mentioned in numerous studies concerning BME 

education, the implementation of e-learning systems and 

platforms seems to be a promising and modern method which 

can lead to the improvement of training for biomedical 

engineers. 

Recent reviews of e-learning literature in medical or 

biomedical engineering education contexts reveal that e-

learning is at least as good as, if not better than, traditional 

instructor-led methods/lectures ([4]-[10]). 

The BME education in Spain, Greece and Romania has 

some common characteristics: it is organised for all levels of 

academic education (undergraduate, graduate Master’s level 

and PhD level), similar standards and professional 

competences for BME education are developed in all these 

countries, and incipient e-learning systems for BME education 

are implemented. However, there are also some differences, 
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which are related mainly to the economic level of these 

countries and to the degree of cooperation between academia 

and hospitals. 

This paper presents partially the Leonardo da Vinci project 

(transfer of innovation), named ―A Web-based E-Training 

Platform for Extended Human Motion Investigation in 

Orthopedics‖ (ORTHO-eMAN), developed by institutions 

from three different countries: Romania, Greece and Spain.  

II. PROJECT DESCRIPTION 

The rate of success in professional work is directly 
proportional to the amount of experience. This principle is 
directly applied to all fields, for engineering and medicine too. 
In orthopedics, diagnosis and treatment depend of the clinical 
accumulated experience, and intensive training with new 
technologies is required. Probably the fastest changes appear in 
engineering, which is facing a challenge by development of the 
new multidisciplinary fields. One of them is biomedical 
engineering. We can speak of a real clinical engineering, as a 
branch of biomedical engineering dealing with the actual 
implementation of medical equipment and technologies in 
hospitals or other clinical settings, especially in orthopedics. 

The ORTHO-eMAN project seeks to close the gap between 
engineering and medicine, by creating a new e-learning 
environment for human motion analysis. For this reason, the 
project aims to offer to orthopedic doctors and to engineers 
interested in medical field, a common learning tool, with 
interdisciplinary approaches using learning methodologies and 
experience from previous EU project (―e-Medi – Virtual 
Medical School‖). 

The main result of e-Medi project was a web-based training 

environment, utilizing a multimodal breast imaging paradigm. 

Our transfer of innovation refers to the transfer of valorised 

results of e-Medi project towards other geographical and 

professional environment with added value in image 

acquisition and human motion analysis. 

The main objective of the ORTHO-eMAN project consists 

in developing of a web-based e-training platform for human 

motion investigation (Fig. 1). The project's e-training platform 

provides a repository of training material with real clinical 

case studies using digital imaging, and an interactive 

multimedia database system containing full reports on patients 

receiving orthopedic treatment.  

The ORTHO-eMAN consortium is formed by two higher 

education institutions (University of Craiova, Romania and 

Democritus University of Thrace, Greece), two research 

institutions (National Center for Scientific Research 

―Demokritos‖, Greece and Biomechanics Institute of 

Valencia, Spain) and an emergency hospital (Clinical 

Emergency Hospital Bucharest, Romania), all partners with 

experience in orthopedics or biomedical engineering, with 

demonstrated skills, recognized expertise and competence 

required to carry out all aspects of the project. 

The chapters of ORTHO-eMAN curricula are: 

1. Physics of the human body motion. Basic knowledge 

on materials and biomaterials properties. 

2. Basic anatomy of human body motion. 

3. Modern techniques in human motion analysis. 

 
Fig. 1 ORTHO-eMAN website (www.ortho-eman.ro) 

 

To improve the theoretical and practical knowledge of 

orthopedists and engineers, the ORTHO-eMAN partners 

develop an e-learning platform. Interactivity allows trainees to 

test their knowledge and provides immediate feedback using 

images and cases that they could encounter in clinical practice. 

The project enhances the training received by orthopedists and 

engineers by developing an innovative e-training method that 

is able to provide them with a range of case studies and an 

advanced training curriculum. 

The project addresses various needs in medical and BME 

sectors. Through the next decade, experts predict that 

biomedical engineering positions will increase at nearly 

double the average rate for all other types of jobs. An aging 

population, focused on health and quality of life issues, has 

increased the demand for better medical devices and 

equipment.  

III. E-LEARNING PLATFORM 

The transfer of results from previous project is made in 
such way to assure that the application offers something new to 
learners, educators and decision-makers in terms of learning 
opportunities, skills development, access to information, by 
adapting and transferring existing processes or products to new 
target groups, sectors, countries. 

The e-Medi architecture was based on a client-server 3-tier 

architecture that consists of the following core elements: 

A. Learning Management System (LMS); 

B. Visual Authoring Tool; 

C. Trainee’s interactive e-training environment; 
D. Keyword-guided Clinical Case search tool. 

After analysing the feasibility of transfer we decided that 

the e-Medi platform can be modified and adapted to our 

objective, an extended human motion investigation for 

orthopedics (ORTHO-eMAN). The LMS is by definition a 

complex administrative system used to deliver electronic 

content in the form of lessons and to organize people who 

attend these lessons and the LMS core can be used in the same 

form for ORTHO-eMAN. The Visual Authoring Tool, custom 

developed software facilitating the efficient creation of case 

studies previously for breast imaging, also could be adapted to 

ORTHO-eMAN specific orthopedic pathology cases by Greek 

partners. 
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These adaptations include case studies for: 

 Imaging for orthopedics pathology provided by classic 

imaging methods like CT/MRI/X-Ray; 

 Contact pressure pattern provided by specific pressure/ 

force plates; 

 Video analysis of the motion. 
The e-training environment is multilingual (English, Greek, 

Romanian and Spanish languages). The presentation tier is 
adapted to include additional data provided by specific modern 
investigation methods of ORTHO-eMAN, including medical 
imaging, video files of motion analysis, graphs of forces, 
muscle and joint reactions, numerical data, contact pressure 
diagrams, etc. 

Considering the fact that there are two main categories of 

trainees (engineers and doctors), the case study content (for 

engineers) includes several types of materials: for example 

plantar images on the pressure plate (Footscan) and 

identification of various parameters on these images, as well 

as numeric values, force/pressure graphs. The case study also 

involves the use of the compare screen for both feet, the 

average screen and, both of which having to be compared with 

normalised values. Some recordings are in video format (feet 

roll-on-roll-off). 

IV. E-LEARNING PLATFORM DEVELOPMENT 

A. Background 

From a software point of view what really has changed 

from the days of the e-Medi project is that Internet has 

become undoubtedly ubiquitous to the point that previously 

normal desktop applications are considered obsolete for 

mainstream usage. The e-Medi recognized the obvious trend 

then, but the WEB technology was not mature by the time. 

For example there were no HTML canvas (it was added in 

HTML5), there were no JIT optimized javascript compilers 

and there was no GWT which brings java tooling and type 

safety in the web client side development. 

Another point of considered friction was the uploading of 

content to the learning platform. Since e-Medi Authoring Tool 

was a desktop application with local storage of files and case 

studies the burden was on the IT team of the project that had 

to synchronize and manage revisions of the content. 

Furthermore the uploading itself was a tedious and error prone 

work to the point it could only be performed by IT members 

impacting the scalability and the scope of the project. 

B. Architecture 

With the above considerations in mind, the following 
requirements were assumed early in the design phase of the 
ORTHO-eMAN project: 

 The content author should use the browser for all 
project interaction. The whole cycle of creating, 
editing and uploading the content should be handled 
from the browser. 

 As in e-Medi the teacher's time is treated as 
extremely precious and the software flows in a way 
that avoids the repetitive tasks and lets the teacher 
finish a course in 5 to 10 minutes if the content is 
ready. 

These requirements led the ORTHO-eMAN project to the 

decision to implement the Authoring Tool as a plugin of the 

LMS. The chosen LMS was Moodle and the development 

effort was led to the ORTHO-eMAN plugin. 

The plugin consists of 3 parts: 

 plugin-core: handles the integration with the Moodle 

(authentication, data. grading), written in PHP. 

 Authoring Tool: handles creation and editing of the 

content. It is a GWT application meaning that it 

compiles to javascript and runs the client side in the 

user's browser. It calls out the plugin-core for 

services regarding Moodle integration. 

 Display Tool: handles the presentation of the content 

to the trainees. It calls out to plugin-core for services 

regarding Moodle integration. 

The Authoring Tool creates a XML description of the 

whole course and it is used by the Display Tool to reconstruct 

the course and present it to the trainees. The XML document 

is stored along with the other resources in the moodle database. 

C. Features 

The Authoring Tool itself is capable of creating multimedia 

content by letting the users upload images and video. The 

teacher can then create quizzes of the following type: 

 Find Region Of Interest (ROI). Multiple ROI maybe 

requested by the teacher 

 Quiz: Multiple answer quiz. (None, one, or more 

answers can be correct) 

 Range Quiz: A question that has a number for an 

answer. The teacher specifies the minimum and 

maximum allowed value for the answer to be 

considered as correct. 

The Authoring Tool also has some standard image 

processing tools such as brightness, contrast, inverse that are 

heavily used in X-Ray setups. Angle calculation and cross-

hair tool were added specifically for the ORTHO-eMAN 

project. 

In the following picture the Authoring Tool is depicted as 

part of a Moodle installation. 

 

 
Fig. 2 Authoring Tool fully integrated to Moodle LMS: ROI - Image - Text 

D. Security 

Since the XML case descriptor is stored in the database and 

it is directly accessible with standard web calls the ORTHO-
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eMAN project took extra care in the handling of access rights. 

Moodle has a model of capabilities in order to prevent 

unauthorized access to sensitive information. The ORTHO-

eMAN plugin builds on this framework to ensure that the 

XML will not be visible by trainees during the exams while the 

Display Tool could present correct answers if requested at the 

same time. 

V. CASE STUDIES 

The most effective way to make theoretical aspects 

comprehensible to the trainees is to put them into practice on 

case studies. This course (Human Motion Analysis) is 

developed in order to help the trainee to understand and solve 

case studies regarding data acquisition and analysis of human 

motion using specific devices and software as pressure plate 

and video motion analysis by Simi Motion.  

Case studies regarding gait evaluation with RSSCAN 

pressure platform address both to medical doctors and to 

engineers. The role and tasks of the 2 target groups are 

different: 

 engineers should be familiar with gait normal parameters 

as recorded with RSSCAN plate and identify all the 

abnormalities for different parameters; 

 based on the data and information offered by engineers, 

medical doctors will perform clinical judgments and 

decide on the treatment. 

For this reason medical doctors will follow pressure plate 

case studies in relation to orthopedic case studies. By using 

the integrated learning environment and making use of a fair 

number of real case studies, the medical trainees will be able 

to identify, classify, diagnose and propose the appropriate 

action or treatment, identify the risk zones, appreciate the 

efficiency of the treatment or rehabilitation programme. 

Prior to follow this course the trainee needs to accomplish 

the following previously courses: ―Anatomical and 

biomechanical analysis of walking‖, ―Gait Analysis‖, 

„Modern techniques in human motion analysis‖. 

The theoretical course about gait evaluation by pressure 

plate is structured in 2 parts. The first part aims to get the 

trainee familiar with the Footscan pressure plate (RSSCAN) – 

its characteristics, recorded parameters and methodology of 

recording and data interpretation [11]. 

The second part is going to present the e-learning platform 

requirements regarding the case studies and explanations about 

the questions that the case studies can rise and how to answers 

these questions. 

The case studies include measurements recorded for 

persons without known orthopedic pathology (addressed to 

engineers), measurements recorded for persons with walking 

abnormalities (addressed to engineers and medical doctors). In 

the second type of case studies the questions are different for 

the 2 target groups. For case studies measurements are 

analysed before and after surgery and or rehabilitation. So the 

trainees must use the system specifications that allow 

comparison of measurements. 

Our implemented features within the interactive e-learning 

platform for pressure plate measurements allow the trainee to: 

 
Fig. 3 Authoring Tool – Footscan case study implementation. 

 

 select a point in the image by mouse click or designate an 

area also by employing the mouse. This will be used for 

example to indicate zones of abnormal high or low 

pressures (Fig. 3), identify the  center of pressure, the 

highest impulse area, the contact percentage, foot axis or 

foot angles; 

 measure angles; 

 draw a horizontal and a vertical line on the graph image; 

both  lines form a crosshair-like object that will allow to 

target any desired point on the graph and estimate it’s 

values for x and y axes; 

 in some cases, text boxes provide the trainee a way of 

inputting measured or estimated graph values. 

Pressure or force graphs highlight pressure curves for 

significant zones of the feet.  

Some cases include images in motion, which are actual 

recordings of pressures exerted on patient's feet during roll-off 

(Fig. 4). The e-training platform offers basic movie player 

controls such as Play/Pause/Stop functionalities and Rewind. 

It also provides a way to play the video material regarding the 

movement for both feet. The trainee will have to watch the 

video (the evolution in time of the stepping process) and 

answer a quiz regarding abnormal features of the movement. 
 

 
Fig. 4 Authoring Tool - recordings of pressures exerted on patient's feet during 

roll-off. 
 

The second type of case studies are the case studies 

developed for video motion analysis. This course is developed 
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in order to help the trainee to understand and solve case 

studies regarding data acquisition and analysis of human 

motion using video cameras and Simi Motion software.  

Case studies regarding video motion analysis with Simi 

Motion address to engineers. The role and tasks of this target 

group: engineers should be familiar with gait normal 

parameters as recorded with video cameras and Simi Motion 

and identify all the abnormalities for different parameters. 

Compared with most other methods of measurement, image 

analysis has the advantage that it has no direct repercussions 

(no energy is extracted from the object by the measurement). 

This is very important for persons with motion problems. It 

can be done 2D or 3D recordings. 

The following equipment is required to solve a two-

dimensional problem: 

 one video camera 

 a calibration system consisting of two measuring rods of a 

known length set up at right-angles to each other 

For two-dimensional analysis it was used DCR-VX2100E 

Sony video camera or A602fc Basler video camera (100 

frames per second). 

Kinematic analysis of human body motion can be done 

using Simi Motion software. First phase in motion analysis is 

description of movements with analytical stand out of motion 

system. Next phase is recording of motion features and 

analysis of motion. The obtained data are processed, graphics 

presented and analysed. 

Analysis of leg movements can be done independently, 

without forces consideration that produce motion, for position, 

speed and acceleration, or with forces consideration.  

Work with two or three-dimensional data consists of the 

following steps: 

 creating a specification 

 setting up a camera 

 calibrating the camera 

 capturing the image coordinates 

 calculating the scaled 2-D/3-D coordinates 

 presenting the data

Light or dark markers (e.g. stickers) must be placed on the 

points which are to be captured (e.g. human joints) before the 

recording is made (Fig. 5). The user then has to assign each 

point once and thereafter tracking of the video sequence is 

carried out by the computer. Intervention by the user is only 

required in the case of difficulties (e.g. when markers are 

concealed).  

Once the movements have been recorded, the evaluation 

(analysis) of the pictures can be carried out. To do this, points 

on the body and points which are of particular importance for 

the execution of the movement are determined. 

The points of the body used are usually the break-through 

points of the joint axes or the center of the joint axes. In 

identifying these, there are three main sources of error [12]: 

 the joint axes cannot be clearly identified; 

 the break-through points of the axes cannot be clearly 

distinguished in the picture; 

 the break-through points are hidden by other parts of the 

body and are not visible in the picture. 

When analysing human movement from an engineering 

point of view, it is mandatory to posesss abilities like spirit of 

observation or the capacity to make analogies and deductions 

based on raw data. The trainee will learn to decide when 

having to interpret graphs, calculate or approximate numerical 

values or learn what to do in situations that normally apear 

only in practice and the theoretical part doesn't seem to be of 

any help. 

Simi Motion Environment is a software product which 

offers the posibility of carrying 2D and 3D motion capture and 

analysis based on images or videos taken from one or several 

high speed recording devices. The videos from wich all the 

information will be extracted will have to be edited frame by 

frame, marking areas in which the program has to look for the 

reflective markers (areas of interest). The next step takes you 

to the editing of the links between points (points that Simi 

Motion associates to the markers, Fig. 5). 

For example, when analysing the human foot in normal 

gait, 5 markers (or points) have to be fitted in the important 

areas: one as close as possible to the hip joint, one on the knee 

joint, one on the ankle (malleola), one on the heel and last, 

one on the metatarsal bone that's exposed to the camera. This 

way, 5 links can be defined between these points and the 

software can now extract the movement of the entire foot 

while walking. Theese links are: hip-knee, knee-ankle, ankle-

metatarsal bone, metatarsal-heel and heel-ankle (Fig. 5). 

 

 
Fig. 5. Frame grabbed from video destined for motion analysis. 

 

By using data extracted from each frame's coordinates, one 

can plot various graphs such as speeds, accelerations or 

positions. However, in order to correctly gather data, a 

calibration procedure is crucial. This procedure implies 

loading a video on which the user will position a number of 

points that will form the reference system for all future 

calculations. For a 2D analysis, the calibration procedure will 

ask 4 points – the end points of the X and Y axes. The 

software will now need a way to establish a relation between 

the video and reality, so in the calibration window the trainee 

will have to complete two additional fields indicating the real 

dimensions for the X and Y axes (actual lenghts). 
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The filtering process of the raw data is also very important 

and it will be learnt by trainees. Filtering data takes us back to 

signal processing. We often get „contaminated signals‖ which 

are signals of a lower or higher frequency, superimposed over 

our signal. It can be stated that the physical which we want to 

measure is the main signal while the parasite signal is due to 

the measuring hazzard.  

There are three main methods for filtering data: low pass 

filtering, high pass filtring, band-pass filtering. In our case, 

filtering means applying certain algorithms to our data set, 

algorithms that will discard sudden variations in the graph's 

slope. The idea behind this is that, for a number of physical 

systems, the variation of a given signal is not and cannot be 

sudden, mostly due to the inertia of that system. In practice, 

however, sampling errors make that samples that were taken 

in a very very small time interval differ, sometimes 

significantly. Now, by adding filters to this data set, we can 

„clean‖ the set from foreign values. In other words, a low-pass 

filtering will „smooth‖ our graph by removing noise.  

Depending on what we have to analyze, the Simi Motion 

environment can generate graphs for certain points (markers) 

which are named „specification points‖ (Fig. 6). These graphs 

can represent evolutions of travelled distances, speeds or 

accelerations as functions of time (on X or Y axes).  
 

 
Fig. 6. Authoring Tool – case study for video motion analysis. 

VI. CONCLUSIONS 

The ORTHO-eMAN project addresses various needs in 

orthopedics and biomedical engineering. In the last years 

cross-disciplinary activities that integrate the engineering 

sciences with the biomedical sciences and clinical practice and 

try to solve the complex problems of medical care, will lead to 

an increase of life quality and decrease of health costs.  

Our project adresses bringing together knowledge from the 

fields of orthopedics and biomedical engineering in order to 

develop new procedures in human motion analysis. 

The project aims at the formation of specialists that will 

apply the principles of medical and biomedical engineering 

sciences for the use, adaptation, evaluation, designing and/or 

distribution of technological and biomedical solutions that lead 

to improvement of the patient health. 

The developed e-training platform was designed to support 

e-learning, to manage access to e-learning materials, consensus 

on technical standardization, methods for peer review of these 

resources. Our solution presents numerous opportunities for 

the target groups, along with continuing challenges for 

professional development and it combines the design and 

problem solving skills of engineering with medical sciences, 

improving healthcare diagnosis, monitoring and therapy. Also 

our implementation is innovative in the transferred context and 

no similar product currently exists while specific needs for this 

product are high. 

Achievement of these aspects allows a close cooperation, 

by working in a team, between doctors and biomedical 

engineers for diagnostic and treatment targeting. 

Our interactive e-training platform for Footscan pressure 

plate and video motion analysis (containing ppt slides, 

multimedia presentations, video guides and case studies) gives 

to the trainees (engineers or doctors) all the technical 

information to work with Footscan system and Simi Motion 

environment. These resources allow the study of the lower 

limb during stance and walking, with or without assistive 

devices. 

After completion of this course the trainee should be able to: 

• to understand the gait analysis by the using the pressure 

plates and video analysis; 

• to use the pressure plate and Simi Motion software; 

• to identify, classify, diagnose and propose the 

appropriate action or treatment, identify the risk zones, 

appreciate the efficiency of the treatment or rehabilitation 

programme. 
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Abstract — The article outlines the most important 
information concerning didactic, scientific and organizational 
procedures that have been introduced at Electrical and 
Information Engineering Department of Lublin University of 
Technology in order to provide high quality of education level. 
Those tasks have been determined by both statute of the 
Lublin University of Technology and particular objectives of 
each of the scientific units that have been operating in the 
structure of the EIE Department. Among them, there  have 
been discussed such topics as realizing the process of education 
on Electrical Engineering and Information Engineering 
courses, keeping curricula up to date accordingly to the newest 
requirements of the labour market and developing the idea of 
additional classes for voluntary students, particularly 
interested in a specific part of the knowledge. Subsequently, 
the paper presents crucial data connected with conducted 
scientific research, including information about papers 
submitted to Organizing Committees of many international 
conferences by particular authors. Finally, activities in the 
field of knowledge transfer and academic entrepreneurship 
also have been described. It has been necessary to describe 
such form of academic entrepreneurship activity as Business 
Incubator of Lublin University of Technology. The most 
interesting tendencies have been presented in graphs and 
diagrams and then discussed. In conclusion part authors try to 
designate the way of evolution of the University and indicate 
fields which will maintain an expansive tendency as well as 
suggest sectors which will lose their importance from the 
global University’s aims point of view. Evaluation of realized 
objectives also was conducted. 

 
I. INTRODUCTION 

At the beginning of the academic year 2010/2011 the 
authorities of Electrical and Information Engineering 
Department of Lublin University of Technology specified 
main tasks and objectives concerning the process of 
education. The reason of introducing such list of tasks was 
necessity of being in accordance with new law, which has 
been under the process of changes in the same year and 
strongly affected higher education institutions. The list of 
main tasks and objectives in the field of didactic activity 
consisted of the following elements [1]: 

Conforming the process of education in the matter of 
organization and law restrictions to the  new standards 
created by Polish ministry responsible for higher 
education. 
Increasing the level of quality of education concerning all 
courses and level of studies. 
Stronger cooperation with authorities of the University 
and units operating in the structure of University 
responsible for organizing an education process. 

Increasing attention paid to promotion of EIE Department 
among students of under-university level schools, such as 
secondary schools as long as among employed  people 
who are going to start lifelong learning course.  
Preparation for starting new courses from the formal and 
organizational perspective. 
Development  of  the  process  of  international  students 
exchanges. 
Supporting activities of student scientific organizations. 

This article outlines what was the influence of 
introduced directives mentioned above on the process of 
education at EIE Department of Lublin University of 
Technology. 

 
II. INFLUENCE ON THE PROCESS OF EDUCATION 

During the process of conforming the formal shape of 
the studies to the new legal restrictions some changes in the 
statute of studies have been made concerning both the 
engineer level and master level. According to the new 
regulations, the authorities of the department have 
competence to decide what the form of final examination 
will be, either written or oral. 

What concerns quality of education level, existing 
solutions within quality of education verification have been 
diagnosed. As the result, standard procedure of carrying on 
theses and conducting final examinations has been 
described and specified on the engineer and master level. 
What is more, procedures of academics assessment have 
been worked out. Additionally, the set of questionnaires has 
been created in order to help assessing quality of education 
concerning such fields as: a) students’ opinion about quality 
of classes and their lecturers, b) opinion of graduates about 
overall process of education at Lublin University of 
Technology from the perspective of experiences during 
their presence on the labor market, c) regional employers’ 
opinion about graduates of Lublin University of 
Technology. Consequently, there have been started 
activities aimed at preparation and implementation of the 
system of electronic assessment of classes by students. In 
the next phase of the project that system is designed to be 
connected with decision-making system of the department 
authorities. 

A lot of activities have been started in order to promote 
Electrical Engineering and Information Engineering courses 
in the environment of the secondary schools students. One 
of those was introducing project financed by Polish 
Ministry of Science and Higher Education designed to 
increase number of students of technical courses. According 
to te rules of this project, young students who achieved 
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outstanding results during the recruitment process could be 
beneficiary of scholarship funded by the government and 
paid monthly, beginning from the first month of study. 

At present in all mentioned activities about 2167 men 
and women are involved. Gender structure of all people 
who have taken part in the different projects shows Fig. 1. 

 

 
 

Fig. 1. Gender structure of all project’s participants 
 

Among them over 740 are the students of Lublin 
University of Technology who benefits the individual 
trainings and supplementary classes of math and physics. 
Remaining part of people at most consists of administrative 
and didactic employees of LUT who decided to take part in 
free courses, workshops improving didactic skills or foreign 
language course. 

In addition special lifelong learning course of 
Information Technologies was started in the Electrical and 
Information Engineering Faculty. The course consists of 
two-term studies finished by the final exam. During 224 
hours of theoretical and practical classes students are 
obliged to complete following subjects: 
1. Office applications 
2. Computer graphics 
3. Information systems designing 
4. Network operating system on the basis of MS Windows 

and Novell 
5. Network operating system on the basis of Linux 
6. Web pages designing 
7. Computer programming 
8. Database systems 
9. Programming in SQL language 
10. Physical phenomena and processes modelling 
11. Diploma seminar 

At the beginning of the year a group of students started 
their 3-month practices in companies located along the 
region. More than one hundred students took part in such 
practices programs. It has to be underlined that there were 
much more candidates, however the number of vacancies 
was limited. Among graduates of this program over 40 per 
cent had been proposed to continue cooperation with the 
companies they had practice before. Except that, more than 
a hundred companies declared their willingness to cooperate 
in future. Until now only one company  refused its 
partnership. In order to develop graduates competences and 
prepare them to enter the labor market the LUT Career 
Advisory Unit organize additional courses for students. 
Those trainings are not located in the main course curricula 

and consist of three thematic parts: integration and team 
building, competence management and autopresentation 
during job interview. 

A very important element of the project is the series of 
supplementary classes aimed at first-grade students who 
have problems with passing math and physics exams at the 
beginning of their courses. A lot of students from all 
faculties and courses were significantly interested in 
attendance to the additional lectures. It has to be underlined 
that described project positively affected the process of 
education, because about 92 per cent of students who 
attended additional lectures have passed their math and 
physics exams. 

To sum up, at this stage of the project some tasks have 
been completed whereas other are in realization 

 
III. CONCLUSION 

As the conclusion it should be assumed that some 
activities which have been introduced added value into a lot 
of aspects, fields and activities in the structure of Lublin 
University off Technology. An education offer has been 
enlarged by starting a lot of new courses, which made 
studying at LUT more attractive. What is more, a new 
perspective has been created for those academics, who want 
to improve their didactic qualifications and language skills. 
Simultaneously many students-involving activities have 
been introduced. Young people now have the opportunity to 
gather practical knowledge concerning methods of job 
searching and get necessary experience before graduation. 
This experience could help the students in better 
understanding theory acknowledged in the standard process 
of education. As the result it is possible to notice positive 
changes in the students’ attitude to their University. It is 
supposed that those changes will spread as long as the 
started tasks will be continued. 
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Abstract— Today, information and communication technology 
(ICT) plays a crucial role in our lives. Devices taking advantage 
of the rapid development of ICT are increasingly used to ease 
and provide comfort to our daily activities. This has also affected 
the way young engineers prefer to learn and how they are taught. 
Traditional methods, proven to work, may not be so attractive to 
students anymore, in comparison to all the widgets, apps and 
knowledge in various forms available over the Internet. To make 
courses and topics more attractive, young system engineers need 
to be educated taking advantage of the rapid development of 
technologies young are accustomed to use, including e-learning 
and interactive tools to assure their good skills and increased 
interest towards studies. Intelligent learning objects clearly 
demonstrating a topic area and allowing students to explore 
problem domain without restrictions in time and space will 
provide support for any type of course, enliven studies, and 
clearly serve the goal formulated hereinbefore. 

 
Keywords— Interactive learning objects, ontology, digital logic, 
online education, educational tools 

I. INTRODUCTION 

Our society has become largely dependent on information 
and communication technology (ICT) and various computer-
based systems. Devices equipped with sophisticated 
microelectronic systems and corresponding software can be 
found everywhere – from smartphones and personal music 
players to kitchenware. Despite the complexity of these 
systems, they are composed of simple logic gates. The rapid 
development and shift to mass-usage of electronics has 
introduced a dependency on such devices and a risk of 
vulnerability in case of system failures. Nevertheless, this risk 
is neglected and gets attention usually only in case of system 
failures – otherwise such breakdowns would not have had 
dramatic effect on our lives. For example, a bug in 
smartphone software may frustrate masses of people but does 
not cause a threat to society. A failure in an aircraft control 
system or in a nuclear power plant management system 
however may have fatal consequences. 

Obviously, if young system engineers are educated with 
great care from the beginning, using different teaching 
methods, including e-learning and interactive tools made 
available by the rapid development of the Internet and its 
associated technologies, their good skills and increased 

interest towards study field can be assured. Thereby, proper 
education of future engineers can mitigate some of the risks 
concerned with computer systems development. 

The rapid development of the Internet and its associated 
technologies, including technologies for the semantic web, has 
enabled web-based training and distance learning to become a 
reality and made it possible to move studies fully or partially 
into virtual learning environments. This progress has also 
enabled creation of digital learning objects, varying from 
simple textual content to images, animations and interactive 
simulator tools. A learning object, as defined by the IEEE, is 
any entity – digital or non-digital – that may be used for 
learning, education or training [1]. Clearly, digital learning 
objects as interactive hands-on tools and web enabled learning 
management systems (LMS) are taking education to the next 
level and pose new challenges for teaching, as users can 
access such systems everywhere and any time where the 
Internet is present, regardless whether they are at home, in 
office, sitting in the park with tablet PC or smart-phone, and 
so forth. This rapid evolution of web technologies has now 
enabled to develop learning management systems with various 
functionalities on an affordable level on different platforms. 

In this paper we discuss the need for establishing 
interactive learning objects, explore students’ opinions and 
present an intelligent learning object on domain ontology as a 
tool for teaching the basics of digital logic (DL) in which 
students learn by exploring and investigating elements of DL. 
The tool aims to solve some of the problems students have 
highlighted regarding learning basics of digital logic during 
their early studies. The rest of the paper is structured as 
follows: Section II provides an overview of teaching digital 
logic, Section III describes the learning object based on 
domain knowledge, and Section IV draws conclusions. 

II. TEACHING THE BASICS OF DIGITAL LOGIC  

With the evolvement of technology, microelectronic 
systems are becoming more complex, introducing design and 
testability issues as one of the major components of 
manufacturing costs of a product. Hardware consists of a few 
simple building blocks – logic gates, which are constructed 
using the fundamental devices – transistors. Students have to 
understand how the basic elements of digital logic (DL), such 
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as AND-, OR-, etc. gates, are working, in order to be able to 
compose complex systems of these basic elements. This is a 
competence they need to acquire before moving on to next 
level with their studies in becoming an experienced engineer.  

At Tallinn University of Technology (TUT) such engineers 
are mainly educated under the curricula of Computer Systems, 
holding a number of hardware design and test related courses. 
Educating students with solid knowledge of the basics of DL 
as early as possible (starting on the first year) is vital when 
expecting them to be able to evaluate behavior of gates and 
compose tests for fault detecting in larger combinational 
schemas at signal level at later courses.  

At TUT the basics of DL are taught (course Computers I) to 
all the students of the Faculty of Information Technology as a 
part of basic studies regardless of their curricula. However, 
dependent on the curricula, students have different technical 
background, which may or may not contribute to their studies. 
For instance, for students of the Business Information 
Technology curricula, learning the basics of DL can be quite 
troublesome as their main study objective is in between 
economy and ICT. Thereby, interactive presentation of 
domain knowledge as some sort of an intelligent learning 
object can alleviate the problem and broaden their background 
knowledge. 

A. Need for Interactive Environments and Intelligent Tools 

Teaching digital systems and logic is a complex area, 
where explanations should be accompanied by tools which 
clearly demonstrate static knowledge in dynamic form. 
Traditionally, students visit lectures, make notes and have 
some practical tasks to perform. The knowledge from the 
lectures is mainly reflected by course materials and students’ 
notes, which are in a “lifeless” form. The motivation to learn 
from such materials may not be so high for today’s 
technology-aware students. They rather prefer interactive 
learning, game-like simulator tools, videos, widgets and 
gadgets, etc. everything they can do online. For instance, our 
students tend to rely on Wikipedia and Google, Facebook 
posts, and even seek information on a video sharing website 
YouTube. Yet, there is no guarantee on information 
correctness for these resources, meaning these resources may 
contain misunderstandings as well as errors, although one can 
find excellent learning objects there as well. But still the 
question, whether students’ level of knowledge is sufficient 
enough to evaluate these resources, remains open. Lack of 
curiosity towards traditional approach, trend of ignoring the 
need to continually keep up with course materials and trying 
to rely on “more interesting sources of knowledge” adheres to 
insufficiency of theoretical knowledge clearly seen during 
practical labs, where students do not recognize basic elements, 
mix up their behavior or make other mistakes because of this. 
Hence, the motivation to learn from traditional materials is 
low, creating a need to find new ways to educate and raise 
motivation in students. 

We see the remedy in interactive environments, proper 
hands-on “technical toys” as tools, where students can easily 
explore the problem domain by experimenting and playing 
through certain learning scenarios or explore knowledge 

through a set of exercises. Obviously, such tools must be 
generally available via the Internet and applicable for 
classroom, campus and off-campus use. Such learning objects 
support developing creativity and skills of problem solving in 
teaching-learning process – the ability future engineers need 
the most. 

Previously, we have introduced a framework on interactive 
hands-on tools as learning objects on web services, developed 
a web service and interactive tools to introduce fundamental 
elements of digital logic with their behavior [2]. To provide 
students a comprehensive tool on the topics of basic digital 
logic gates, and help them better understand the domain 
knowledge, we have initiated a project to develop an 
interactive and intelligent learning object on domain ontology. 
The knowledge needs to be taught easily and rapidly, so that 
an interest towards the topics rises in students, rather than 
declines. If we succeed to initiate this curiosity, students are 
more than willing to explore any additional materials on their 
own and get on with problem solving. 

B. What do Students Say? 

Before continuing the discussion on the intelligent learning 
object, let us have a look at what students think about their 
studies of microelectronics at TUT. We interviewed in an 
informal atmosphere a small group of second and third year 
students who already had passed the course Computers I, 
asking them what were the typical issues they had struggled 
with while learning the basics of DL; what kind of 
information they would have liked to have at that their hand at 
that moment (in a standardized way) about every gate; what 
relationships between the elements they had considered to be 
important; where had they searched for knowledge while 
being in trouble, etc. From the interviews we concluded the 
following: 

Firstly, there is a problem in comprehending why learning 
digital logic is needed, what it gives to the students in the 
future, and how it connects up to already learned things. For 
instance, basics of DL (course Computers I) is also taught for 
students of the Informatics curricula, who are specializing on 
software engineering. This is mainly a motivational issue, 
which cannot be directly addressed by any interactive 
environment; however learning can be made more attractive 
and challenging. 

Secondly, there is a set of questions students are struggling 
with while learning basic digital logic gates. Even though 
course materials cover most of them, they are in a “lifeless” 
form and not usually accompanied by students’ notes from the 
lectures, thus they are not complete and not adapted to a 
particular student because of the missing notes. This tendency 
of students not taking notes and believing that they can rely 
only on materials distributed by lecturer is distressing. These 
materials are not interesting for the young, raising the 
following issues: 

 Existential questions: What elements do exist? How 
many inputs do they have and what is the output? What 
does each of the gates actually do? Is this behavior 
somehow known to me from any other field/course? 
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What is this element alike to? How are they built up? 
Why are they needed? 

 Usability related questions: Where can I use them? 
What circuits or basic elements can I compose using the 
available gate-set? 

 Technical and other questions: What is the size of the 
gate? What is the price for this element? How long is 
the gate delay? What are the technologies used to 
implement the gates? 

We also asked the interviewed students about their opinion 
on having an intelligent system to address all the problems 
they had just outlined. The idea was welcomed with some 
remarks for serious requirements, such as it needs to be web 
based or web enabled, well-advertised during the course, so 
that everybody would get the information of such a tool 
existing, easily accessible and usable, and applicable 
everywhere, especially campus-wide and at home.  

The conducted interviews provided us a set of questions to 
tackle. Obviously, with an intelligent system addressing all the 
questions students raised, the motivation to learn would 
increase. This on the other hand created a question how to 
achieve such a tool. 

III. A TEACHING TOOLS BASED ON DOMAIN KNOWLEDGE 

A. Why Ontology? 

One of the best ways to describe and store domain 
knowledge today is using ontologies. An ontology is an 
explicit specification of conceptualization, it represents 
domain knowledge and makes it possible to reuse the latter [3], 
[4]. Ontologies are an important part of any intelligent system. 
They provide a formal presentation of knowledge as a set of 
concepts within a domain, and the relationships between those 
concepts, allowing to reason about the entities within that 
domain. Hence, they enable a shared vocabulary for modeling 
a domain by describing the type of concepts that exist, and 
their properties and relations. 

By describing knowledge about basic DL gates in ontology, 
we give it a formal presentation and make it machine-
processable. This provides an organized structure of the 
domain concepts, and their relationships, on which reasoning 
facilities can be run on. The latter helps to keep the ontology 
structure simple and clear, and most importantly maintainable. 
In addition to the aforementioned advantages, we outline 
extendibility as the third benefit gained. New knowledge 
(concepts and their properties (in ontological sense 
relationships)) can be added whenever needed, resulting in 
more precise description of the domain, and if exploited as a 
core component in an intelligent interactive learning object, 
this information gets automatically presented to students 
seeking for knowledge.  

To the best of our knowledge, there is no publicly available 
ontology for digital logic domain describing basic logic gates 
and relationships between them. Therefore, we had to 
construct the ontology from the beginning. 

 
 

B. Design of the DL Ontology 

We constructed the ontology for the intelligent interactive 
DL learning tool manually using the Protégé 4.1 ontology 
editor [5]. The ontology is represented in the Web Ontology 
Language (OWL) [6] recommended by the World Wide Web 
Consortium (W3C) as a standard language for ontology 
representation. OWL is capable to capture knowledge by 
representing the concepts and relationships among concepts of 
a given domain and therefore is suitable for knowledge 
representation as well as for automated reasoning.  

Our ontology of digital logic (Fig. 1) contains predefined 
primitive concepts (classes) for describing basic logic gates 
(e.g., concept “AND_Gate”), implementation technologies for 
DL gates (e.g., concept “TTL”), as well as more sophisticated 
constructs of digital logic. It also contains concepts describing 
characteristics of basic gates. Besides primitive classes, 
defined concepts, which hold only a definition of the class, are 
used. The class hierarchy for defined concepts is 
automatically computed by a reasoner (we have used the 
Pellet OWL 2 reasoner [7]) into a subclass-superclass 
relationship in an inferred ontology. For instance, after 
reasoning is carried out, the defined concept 
“ElementsImplementedIn-NMOSTechnology” holds a subclass 
“AND_Gate”.  

 

 
Fig.1 Established domain ontology for teaching the basics of digital logics 
(screenshot from the Protégé 4 ontology editor). The concept “AND-Gate” is 
selected (on the left) and definitions shown (right pane) 

The actual gates used for modeling and simulation in 
laboratory works are also present in the ontology and modeled 
as individuals of the gate concepts. They have all the 
characteristics described for the concepts they belong to and 
attributes that distinguish them from each-other. For example, 
we can find an individual “ind_4x2NAND” belonging to class 
“NAND_Gate”, having a property value “hasPartNumber” 
equal to 7400, returned value type “inverted”, number of 
inputs equal to 2, etc. in the ontology. Using reasoning 
facilities, we get to know their membership to other classes 
defined in the ontology, which is a great effort attained.  

Each element in the ontology is annotated, i.e., concepts, 
properties and individuals are equipped with name, 
description, comments, etc. The annotations can also hold 
instructors comments and remarks, which comes especially 
useful with individuals representing gates from real world. 

The relationships between concepts are represented using 
OWL properties. We have used both, object and data 
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properties to describe various characteristics of DL gates, such 
as implementation technology, number of inputs and outputs, 
output type, constructability, graphical notation, truth table 
resource, element part number, delay, frequency range, power 
consumption, supply voltage, etc. 

Thus, the amount of information captured by ontology to be 
presented in an intelligent learning object for teaching basics 
of DL is fairly large, covering most of the aspects. While 
designing the ontology, we also considered the students 
opinions revealed during the interviews. 

C. Intelligent Learning Object on Domain Ontology 

Having discussed teaching problems, needs and opinions of 
students, and the main core component of the interactive 
learning tool – the DL ontology, let us now have a look at the 
interactive intelligent learning object itself. 

The intelligent learning object is based on a specially 
designed domain ontology capturing knowledge by a set of 
concepts within the domain of digital microelectronics and the 
relationships between those concepts. The tool is meant for 
the course Computers I during which the first year students 
are educated in the field of IC technologies, combinational 
circuits and special hardware. The course sets up all the 
necessary prerequisites for understanding the basics of DL, 
knowledge needed in further courses on issues of design and 
test. For advanced level courses, we already have a set of 
interactive tools for special SoC and NoC design in test 
related topics [8], [9]. 

The graphical user interface (GUI) of the learning object 
prototype tool is divided into main tabs such as Gate explorer, 
Elements library and Technologies. In the gate explorer view 
students can select an element of DL (e.g. OR, AND, MUX, 
DEC, etc.) from the list of available gates in the ontology. 
Presently, the set of elements includes simple gates but it is 
not limited as the ontology is expandable. After gate selection, 
the ontology is queried and domain knowledge represented. 
Fig. 2 shows the system architecture for the prototype tool and 
GUI after selecting OR-gate. We can see different page 
sections providing description, graphical notation (ANSI and 
IEC), truth table, general technical details, related elements 
library and formation possibilities for the element.  

The right bottom corner includes an ‘Explore and Test your 
knowledge’ section, which is driven by the e-EDU WSI web 
service described in [2]. This section provides two modes of 
learning: either the student sets input signal values with the 
maximum length of 24 bits in a signal sequence and lets the 
service calculate the output bit-stream, or the student also sets 
the proposed output and tests his/her knowledge. Different 
sections on the GUI are equipped with help information (?-
marks in a round) as needed, also originating from the 
ontology. 

The Technologies tab displays information about gate 
implementation technologies and through ontology reasoning 
also the set of elements under each of the technology. The 
Elements library tab shows a list of real gates (individuals of 
DL ontology concepts) and their properties. 

Thus, the tool enables students easy access to information 
about elements of digital logic, and acts as a useful assistant 

while performing exercises in labs, for instance in a CAD 
environment. An example case could be as follows: a student 
needs to place an OR-gate on the schema. He/she opens the 
tool, looks up the gate, gets a list of all the available elements, 
seeing that a part 7432 (4x2OR) with four OR-gates on a 
single chip is suitable to solve the task. 

The described learning object is presently implemented in 
Java language as an applet, due to the fact that the majority of 
tools available for dealing with ontologies, including the 
OWL API [10], are Java based. Using Java has the advantage 
of being platform independent and thus available for Windows, 
Linux/UNIX, and Mac OS platforms. However, our future 
development plans include the realization of a web-based 
interface for the learning object, where Java has only the role 
of middleware. Transforming the tool to be a web-enabled 
learning object would also deliver the advantage that users 
would not need to install additional plug-ins anymore to use 
the tool.  

As shown, the tool serves the underlying idea of intelligent 
learning object, provides key points in theory and illustration 
of basic principles of DL gates using graphical representation 
of the learning object and a platform independent user-
friendly interface with easy access to dynamic content in a 
game-like tool for learning by doing. 

 

Java GUI

Domain Ontology
OWL2

Reasoner

Web Services
e-EDU WSI 
DL Service

Repository
Files &

Resources

OWL API
Java 

Middleware Layer
Java 

Middleware Layer

Learners

 
Fig. 2 System architecture for the learning object on domain ontology to 
support the learning-teaching process of basics of digital logic. Also, 
graphical user interface, where students can explore elements of DL, is shown 
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D. Educational Goals Targeted 

The use of computers in learning-teaching process brings 
many advantages. Firstly, it enables to individualize learning 
as students are able to explore knowledge on their own and 
repeat learning scenarios as necessary. Secondly, interactive 
learning objects allow to explain things more easily with 
animation and running examples than amounts of textbook 
material. Thirdly, the usage of such learning objects is not 
restricted to time and space. 

The main didactic aim of our learning object is set on 
teaching perception of the basics of digital logic, described 
from various aspects, illustrated with gates behavior, notations, 
truth tables, and relevant details. The use of a specially 
designed DL ontology adds machine-processable knowledge 
providing higher degree of description for elements in the tool. 
Our intelligent learning object as an educational tool targets 
the following goals: 

 Provide overview and description of basic DL gates, 
their behavior, related properties (i.e., delays, chips and 
technologies available, etc.), and the relationships 
between those elements;  

 Raise interest towards studies and enliven learning-
teaching process by a “game-like” tool to explore 
available knowledge about DL; 

 Support and motivate students to learn independently 
through the concept of “learn by doing”; 

 Enable an environment to self-test obtained knowledge 
and if needed refresh it before taking practical tasks in 
labs, i.e., pre-check of necessary knowledge level;  

 A possibility for instructors to add comments on real 
digital gates (modeled as individuals in the ontology) to 
assist students during the labs, for instance with 
common mistakes or misuse; 

 Compose various exercises students can solve using the 
tool, and by this use mental work to reinforce 
knowledge level. 

IV. CONCLUSIONS 

In this paper we have proposed a framework for and 
provided an overview of establishing learning objects on 
domain ontologies. Advantages gained from using domain 
ontologies as core components of learning objects are 
highlighted together with educational goals targeted by the 
prototype tool for teaching the basics of digital logic. 

The presented intelligent learning object for teaching the 
basics of digital logic allows students to explore domain 

knowledge in a game-like hands-on tool and helps them to get 
solid knowledge necessary for advanced level courses on 
microelectronics. The tool, which incorporates specially 
designed domain ontology as a core component to achieve its 
goals, supports studies on and off campus, directly in 
classroom, or for distance computer-aided learning.  

Living the era, where microelectronic systems are an 
integral part of our lives, has produced a need to educate 
future system engineers using various approaches, including 
interactive and intelligent tools, to raise their motivation, 
assure good skills, encourage critical thinking and prepare 
them being creative engineers in their forthcoming career. 
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Abstract—The progress of science and technology emphasizes the 
connection between different domains and disciplines. The tech-
nology development and changing demands of the labour market 
require upgrading and renewing of learning outcomes in higher 
education, especially in engineering fields. The Life Long Learn-
ing (LLL) procedure must be the platform offering the required 
qualifications for the demands of companies and engineering 
professionals all over the world in order to support their com-
petitiveness. In this paper we describe an improved proposal for 
accreditation of one important subject in engineering, namely 
Control Systems. The described procedure could be applied in 
the frame of LLL and also in classical engineering education 
systems, such as university and college education, in order to 
harmonize the recognition of engineering degrees in Europe and 
outside the Europe. Furthermore we state the necessary learning 
outcomes in the subject of Control Systems in engineering at 
Bachelor level (6th level of European Qualification Framework 
(EQF) and propose a process to test the qualifications. 
 
Keywords— European Qualifications Framework (EQF), Life 
Long Learning, Control Systems, knowledge, skills, competen-
cies, accreditation. 

I. INTRODUCTION 
Today, university education is demanded by many citizens 

in Europe [1] and is undertaken all over the world. More and 
more knowledge is demanded today and this is a continuing 
process for persons who desire or are obliged by their lifestyle 
and economy to complete or to renew their knowledge and 
qualifications, and furthermore want to change the direction of 
their professional activity.  

The European Union has, towards that demand, adopted the 
Life Long Learning (LLL) policy [2], under which, the possi-
bility is given to citizens to acquire certified knowledge and 
professional adequacy which are determined in a detailed and 
exact way in the European Qualification Framework (EQF) 
and National Qualification Framework (NQF). This policy has 
for the time being different levels of application and depth 
among different countries and is, yet, to be completed. 

The Life Long Learning (LLL) procedure [3] must be an 
open system for acquiring knowledge and qualifications, of-
fering services in systematic and flexible manner to the citi-
zens who are addressing its structures. The quality of these 

services must lead to the level of knowledge and qualifica-
tions of the same quality as the classical university education. 

 Sometimes the work market tends to move in the direction 
of fast and cheap solutions, which also include education, 
consequently pressing and furthermore imposing governments 
and societies to become harmonized by the conception of 
simple solutions. There are strong indications that the overall 
LLL system will end in a simple formation system, in particu-
lar if it is in private hands. 

For this reason, the presence and guarantees of the aca-
demic community in the process of LLL are necessary, also in 
order to ensure the quality of supplying knowledge, the quali-
fications and the control of the process with appropriate aca-
demic criteria.  

As mentioned above, the derivation of knowledge and the 
educational process for people wanting to get a certificate of 
their knowledge and their qualifications within the LLL sys-
tem usually vary, depending on the country and the involved 
authorities. This is the reason why it is necessary to develop a 
certification system which is not only the special procedure 
for regular university education, but the objective test and 
certification of candidate’s qualifications [4].  

The objective of this work is to propose an alternative ap-
proach, compared with the classic one (university or college 
educational systems), to detect and certificate knowledge, 
skills and competencies, which are necessary for candidates 
applying for accreditation or certification as Bachelor of Elec-
trical Engineering through the LLL-system [5]. This is the 
continuation and completion of the original proposal which 
has already been developed [6]. The method described in the 
following is proposed for one of the professionally applied 
science subjects, i.e. Control Systems. The described method 
is a brief and exact way to certify the learning outcomes in 
Control Systems. 

II. THE EUROPEAN EXPERIENCE 
The European System of Life Long Learning (LLL) and 

certification system is a relatively new policy for all of the 
European Union countries, and it is worth mentioning that in 
many of the EU countries there was no previous experience 
with this kind of policies. It has to be taken into account, that 
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in many of the countries which are implementing the LLL-
system now, there are distinctive differences in the objective 
and notional intake, which in turn create differences in the 
direction of development and application in LLL policies. The 
complexity (or difficulty level?) in the development of the 
mentioned policy is directly related to the corresponding level 
of EQF. 

 
The European LLL policy development started many years 

ago, and it has created, among other things, a scientific or-
ganization (Cedefop: ...)?? named The European Centre for 
the Development of Vocational Training. The accomplished 
results of this effort are not satisfactory, it is clear to see from 
the progress which has been made up to the end of 2011. Out 
of 34 countries which have adopted the LLL policy of the 
European Union, there are only few of them which have com-
pleted the required process and procedures. Those were main-
ly the countries which have had the tradition and similar infra-
structure embodied in the governmental policy in the past (be-
fore the European Union directive). Out of the rest, each coun-
try has achieved different levels of completion of this process 
and only on the basic levels [7]. 

 
Let’s assume that in some years from now on many differ-

ent speeding spending? and legal frameworks will become a 
reality within EQF on a national level, even allowing some 
degree of diversity. Even under such assumptions, there will 
be a lot to do before all the necessary steps and methodologies 
of the entire process could be developed and implemented into 
a clear and transparent procedure, under the NQF umbrella, in 
order to obtain a certificate or a diploma in one of the learning 
outcomes. 

This leads to the conclusion, that it is necessary to develop 
a methodology describing in details all the required steps for 
the certification of every level of the total 8-levels existing in 
learning outcomes for every profession or scientific field. 

 
 

III. METHODOLOGY  
To achieve the accreditation as a Bachelor of Electrical En-

gineering, according to European norms, the candidate must 
prove to have a certain level of knowledge, skills and compe-
tencies in the framework of this science (Electrical Engineer-
ing). Electrical Engineering is composed of several scientific 
fields (and not necessary courses) which constitute a global 
way to Electrical Engineering science, like Control Systems, 
Electrical Energy Production and Distribution, Microproces-
sors, Analogue and Digital Electronics, etc, as shown in Fig-
ure 1. These are the basic scientific fields of an expertise.  It is 
common to decompose other areas of expertise in similar way. 

The entirety of knowledge, skills and competencies, in each 
of the above decomposed scientific fields, must be identified 
objectively.  

The candidate with the requisite level of knowledge in all 
scientific fields within electrical engineering science, which 
means that he or she has the overall knowledge, skills and 

competencies required of an electrical engineer graduated 
from university with a certified program, will consequently be 
able to be approved or certified by authorities with a degree 
similar to a university degree in electrical engineering. 

This process could be applied not only in the frame of LLL, 
but also in the regular study programs in electrical engineering 
in universities or colleges, because it focuses on the results of 
the overall learning outcomes [8,9,10], independently of the 
procedure (regular lectures, intensive courses, LLL), and in-
dependently of the course duration and used learning methods. 

The important issue is the final result and not the path by 
which the overall learning outcome has been achieved, which 
is the direction in which the LLL-procedure is aiming at [11]. 

Therefore the proposed methodology enhances the credibil-
ity, the transparency and the integrity of this procedure, all of 
them being absolutely necessary for the success of the LLL 
policy. 

 
 
 

 
 
 
 
 
 
 

Fig. 1  Modules in Electrical Engineering Studies 

IV. CONTROL SYSTEMS MODULE 
The content of Bachelor programs in Electrical Engineering 

varies from one country to another, and sometimes from one 
university to another even in the same country [12, 13, 14]. 
That is why, it is necessary to discuss and agree which sub-
jects should be characterized as certain and significant areas 
of Control Systems in electrical engineering in order to cover 
the international accepted level of Control Engineering at the 
Bachelor level. The following described fields of control sys-
tems are taken from the contents of a certain book, one of the 
internationally used books in Control Systems, in order to 
have a common reference for the overall study content for our 
work group. This book is “Control Systems Engineering” by 
Norman S. Nise [15] and the chosen chapters are: 

 
1.  Modeling in the frequency Domain 
2.  Modeling in the Time Domain 
3.  Time Response 
4.  Reduction of Multiple Subsystems 
5.  Stability 
6.  Steady-State Errors 
7.  Root Locus Techniques 
8.  Design via Root Locus 
9.  Frequency Response Techniques 
10.  Design via Frequency Response 
11.  Design via State Space 
12.  Digital Control Systems 

Control 
Systems 

Power 
Electronics 

Production of 
Electrical Energy 

Microprocessors Humanitarian 
Module 

…… …… 
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V. THE LEARNING PROCESS  
The human learning process, under which one, is best able, 

to acquire the learning outcomes follows a particular way, 
which is examined and analyzed by cognitive science. 

The learning cycle is described in Figure 2, as described in 
M.H.W. Hoffmann and all [16]. 

 

 

Fig. 2  The learning cycle 

This learning procedure is based on the acquisition of quali-
fications, which are systematically described by Knowledge, 
Skills and Competencies. 

The overall learning procedure goes from the simple and 
basic to the more complex, ending in the independent, strate-
gic and autonomous phase, without need to accomplish all 
five steps. 

VI. DEFINITIONS OF KNOWLEDGE, SKILLS AND COMPETENCIES 
IN EQF 

The European Qualification Framework (EQF) [3] is appli-
cable in general and higher education as well as in vocational 
training. Within the EQF frame the following definitions are 
given: 

1. Qualification means a formal outcome of an assessment 
and validation process which is obtained when a competent 
body determines that an individual has achieved learning out-
comes to given standards; 

2. Learning outcomes means statements of what a learner 
knows, understands and is able to do on completion of a learn-
ing process, which are defined in terms of knowledge, skills 
and competence; 

3. Knowledge means the outcome of the assimilation of in-
formation through learning. Knowledge is the body of facts, 
principles, theories and practices that is related to a field of 
work or study. In the context of this framework, knowledge is 
described as theoretical and/or factual. 

4. Skillsmeans the ability to apply knowledge and use 
know-how to complete tasks and solve problems. In the con-
text of this framework, skills are described as cognitive (in-
volving the use of logical, intuitive and creative thinking) or 
practical (involving manual dexterity and the use of methods, 
materials, tools and instruments). 

5. Competence means the proven ability to use knowledge, 
skills and personal, social and/or methodological abilities, in 
work or study situations and in professional and personal de-
velopment. In the context of the EQF, competence is de-
scribed in terms of responsibility and autonomy. 

Furthermore, the EQF gives definitions of the 8 different 
levels in learning outcomes. For level 6, corresponding to the 
Bachelor level qualifications, these are: 

Knowledge: advanced knowledge of a field of work or 
study, involving a critical understanding of theories and prin-
ciples 

Skills: advanced skills, demonstrating mastery and innova-
tion, required to solve complex and unpredictable problems in 
a specialised field of work or study 

Competence:  
 manage complex technical or professional activities 

or projects, taking responsibility for decision-making 
in unpredictable work or study contexts 

 take responsibility for managing professional devel-
opment of individuals and groups 

Our bibliography investigations do not give obvious, clear, 
or measurable guidelines how to test the above qualifications. 
For every previously stated definition, we found a lot of her-
meneutical approaches, not only depending on the scientific 
field under consideration, but also taking different pedagogi-
cal and philosophical points of view. The identification and 
measuring of the qualifications become more difficult with 
higher levels of education. 

VII. THE 4ING-DEFINITIONS FOR KNOWLEDGE, SKILLS 
AND COMPETENCES  

Following the 4ING [17], the organization of the four councils 
of schools of engineering, computer science and technology at 
German research universities, the qualifications are defined as 
follows: 
Knowledge related to a field of work or study, means the 
learnt, retrievable information on facts, the context, to which 
facts are associated, and the rules interrelating facts to con-
texts. 
Skills means an ability that has been acquired by training and 
that makes use of the implicit memory, to apply knowledge to 
standard situations, and to use know-how to complete stan-
dard tasks, and to solve standard problems. 
Competence means the proven ability to autonomously recog-
nize interrelations between facts and the contexts to which 
they are linked, to apply this ability to systematically develop 
new methods, and, if indicated, to apply them to changed 
situations. This includes application to work or study situa-
tions, and in professional and personal development. 
 
In others words: 

 Knowledge is learnt by heart, 
 Skills are acquired by training, 
 Competence is developed, after holding and assimi-

lating knowledge and skills, by using sense and intel-
lect in order to act (or develop new methods) 
autonomously, under changed situations. 
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VIII. TESTING KNOWLEDGE, SKILLS AND COMPETENCIES 
IN CONTROL SYSTEMS 

As the learning outcome follows a progressive evolution, 
from the simpler and easier to more compound and difficult, it 
is our proposal, first to detect the knowledge level of the can-
didate in Control Systems, and if this level is sufficient, the 
candidate will be examined in Skills and Competencies. 

 Knowledge 
The Knowledge identification could be realized with one 

examination of defined duration, such as a number of multi-
ple-choice questions covering all previously described fields 
of Control Systems. These questions will be chosen randomly 
from the developed “Control Systems – Questions Data Base”. 
For example, if one decides that the candidate have to answer 
100 questions in order to cover all fields of Control Systems, 
the data base must contain at least decuple the number of 
questions. It will be also possible, that the questions will be 
divided in categories – with different weighting – related to 
the difficulty level. The philosophy of this system is based on 
random and secret choice of the questions in order to ensure 
the isonomy of the examined candidates. 

 Skills 
The candidate has to pass the examination (a written test of 

2-4 hours) with the questions concerning the key features in 
control theory. It will be allowed to use the tables for Laplace- 
and z-transformations, calculators and/or computers. In the 
test/examination, the candidate will be asked to: 

 
 Model and describe the transfer functions of the 1st 

and 2nd order control systems. 
 Sketch Bode plots and Nichols diagrams of the 1st 

and 2nd order systems. 
 Calculate the time response of the 1st and 2nd order 

control systems for typical inputs like step and im-
pulse. 

 Simplify/reduce the block diagrams of systems. 
 Determine the stability of control systems with 

mathematical methods or with graphical methods 
(root-locus or frequency diagrams). 

 Calculate the steady-state errors of control systems 
for typical inputs or perturbations 

 Sketch the root locus (up to 4th order) for control sys-
tem 

 Find/calculate the position of dominant roots for spe-
cific damping coefficient ξ 

 Suggest the type of controller and calculate the coef-
ficients for compensation of a maximum 3rd order 
control system 

 Make a state-space model of a maximum 2nd order 
control system  

 Calculate the time response of 1st and 2nd order state-
space representations for typical inputs 

 Make an analogue to digital conversion of 1st or 2nd 
order system. 

 Determine the stability of digital control systems  
 Sketch the root locus of a maximum 2nd order digital 

control system 

 Calculate the time response of 1st and 2nd order digi-
tal control systems for typical inputs 

These skills could be tested by normal examination (2-4 
hours). Is this repetition of the beginning of the Skills section? 

 Competences 
The competences of the candidate will be tested by oral ex-

amination in connection to the project or case example, which 
should contain the analysis and design of the complex control 
system, and the solution should include common used soft-
ware for control systems like: Matlab, Simulink, LabView or 
others. 

That particular exam in the case of candidates who already 
work in that particular field, can take place on projects in 
which they have taken part partially or exclusively, during 
their professional life. 

IX. CONCLUSION 
In this paper we propose a well developed procedure how to 
test the qualifications in the subject of Control Systems for 
accreditation of the Bachelor level in Engineering, which 
could be used in Life Long Learning procedure, as well in any 
other type of accreditation for higher education institutions. 
This procedure is based on The European Qualifications 
Framework for Lifelong Learning (EQF), based on the exist-
ing bibliography and on the educational experiences of the 
authors of this article. The further development of this work 
will be to develop a library of the questions to be used for 
proposed examinations and to test this procedure on several 
examples (a number of students) from both universities. 
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Abstract: —The paper describes the development and 

implementation of a multi-regional master programme in 

eActivities in the frame a project financed by the European Social 

Fund through POSDRU-Operational Sectorial Programme for the 

Development of Human Resources 2007-2013. The project’s main 

objective is to create new opportunities of learning, training and 

knowledge improvement at master level, based on a multi-regional 

approach through the development of a study programme focused 

on the use of new information and communication technologies, in 

accordance with the Bologna process. The Master programme that 

is in course of accreditation is unique in Romania and aims at 

training professionals in the field of utilization, achievement, 

implementation and development of eServices, eActivities , 

eApplications and of the related platforms and technologies. The 

main Master programme specializations are eBusiness, eHealth, 

eGovernment and Administration and eMedia. 

 

Keywords— eActivities ,  eServices, eApplications, eBusiness, 

eHealth, eGovernment and Administration and eMedia 

I. INTRODUCTION 

The Romanian higher education has been continuously 

transformed in the recent years, in accordance with the 

European regulations and trends but also with respect to the 

local industry needs and technological demands of the new 

ITC  challenges.  

The strategic project “Multi-regional programme of master 

studies in eActivities domain” is co-financed from the 

European Social Fund through POSDRU-Operational 

Sectorial Programme for the Development of Human 

Resources 2007-2013, being comprised in the priority axis 1: 

“Education and professional training to support economic 

growth and society development based on knowledge”, the 

major intervention field 1.2: “Quality in the higher education 

system”.  

The project’s main objective is the creation of new 

opportunities of learning, training and improvement at master 

level, based on a multi-regional approach through the 

development of a study programme focused on the use of new 

information and communication technologies, in accordance 

with the Bologna process. The programme aims at training 

professionals in the field of utilization, achievement, 

implementation and development of eServices, eActivities , 

eApplications and of the related platforms and technologies.  

With a total budget of approximately two million EURO, 

the project will receive a financial assistance grant distributed 

over a period of 36 months between October 1, 2010 and  

September 30, 2013). 

The project is implemented in a partnership between four 

universities: 

 The Technical University of Cluj-Napoca, coordinator; 

 Transylvania University of Brasov, partner 1; 

 Babes-Bolyai University of Cluj-Napoca, partner 2; 

 The “Polytechnic” University of Timisoara, partner 3.   

The project’s added value is given by the new approaches 

used in the organization and implementation of the 

educational activities, with direct referring to the proposed 

eActivities field.   

Practically, the project implementation team aims to the 

involvement of a total number of over 320 beneficiaries, from 

which 120 in the development of the programme and 200 

trainees in the piloting stage. Also a total number of 20 new 

courses were developed for the main Master specializations.  

The partner institutions underline and sustain the quality 

and relevance of the specializations offered at the master’s 

level through the methodologies and processes chosen for the 

implementation of the study programme and through the 

relevance of the field chosen for specialization: eActivities .  

The open character of the project will permit the transfer 

of gained knowledge and capacities for the restructuring of 

other related curricular areas (computers, informatics, 

information technology, telecommunications, etc.), in 

accordance with the POSDRU objectives. 

Project implementation was based on the following stages: 
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 Development of the eActivities Master study 

programme for the specializations eBusiness, eHealth, 

eGovernment and Administration and eMedia, with the 

following objectives:  

 definition of the master study programme structure 

and the education/training plan on the eActivities 

domain. 

 development the curriculum for the 4 study semesters. 

 development of the graduation paper elaboration 

guide. 

 Development and implementation of software 

instruments for the educational activities of the multi-

regional master program, with the following main 

objectives: 

 implementation of the software instruments dedicated to 

the educational process. 

 implementation of the software instruments dedicated to 

the performance evaluation of the master program. 

 Master Programme Pilot Stages, with the following 

main objectives: 

 validation of all educational and management 

components that belong to the multi-regional Master 

programme which involves interuniversity collaboration. 

 validation of all the processes implied in accomplishing 

the quality standards in the field of part time studies, 

through pilot test/evaluation procedures, even before 

accreditation of this Master programme.  

II. DESCRIPTION OF THE MULTI-REGIONAL MASTER 

PROGRAMME IN EACTIVITIES  

 

From the organizational point of view, the master 

programme promotes a multi-regional approach for 

developing of a generic operating framework favourable to the 

creation of study programs coordinated by several 

universities. In what concerns the implementation, a large 

scale use of the on-line educational platforms and of the ways 

of presenting the specific on line educational material was 

desired. 

Taking into account that the multi-regional Master in 

eActivities is in course of accreditation, for the pilot stage, it 

runs as a part time postgraduate program. 

The total number of tutors involved in the Master in 

eActivities is 30 academic staff members from the project 

partner universities, some of them are tutoring several courses, 

and 9 are women. In the two Master programme pilot stages 

the total number of students foreseen to be enrolled is 200, 

and the number of newly created courses is 20. In total, 

around 30-37% student were belonging to non-technical 

(Marketing & Management, Economics, Business 

Management, etc) Master programme specializations for both 

pilot stages. 

A. Objectives of the Pilot Stages Master in eActivities  

 

The main objective of the pilot stages of this Master 

programme in eActivities is the validating of the correct 

operation of all the educational and management components 

that belong to such a complex multi-regional which involves 

interuniversity collaboration based on part time study for the 

students. 

This stage is also necessary for the validation of all the 

processes implied in accomplishing the quality standards in 

the field of part time studies, through pilot test/evaluation 

procedures, even before accreditation of this Master 

programme. The main activities that are foreseen for 

accomplishing this objective  are: 

 educational content validation (courses, seminars, 

laboratory applications) in accordance with the 

foreseen objectives and competences acquired at the 

end of the pilot stage of the Master programme  

 electronic platform (e-start) validation for the 

educational content management  

 multi-regional Master programme organisational 

frame validation (procedures, methodologies). 

 

After graduation of the pilot Master programme students 

will receive a post graduation programme diploma, in 

accordance with the specialization that they were enrolled in 

(eBusiness, eHealth, eGovernment and Administration and 

eMedia).  

This diploma is recognised by all the partner universities 

and the obtained qualification is foreseen to be included in the 

Romanian National Qualifications Registry. 

B. Main specializations of the  Master in eActivities  

 

The Master pilot programme in eActivities duration is two 

years and its structure is student centred .It is based on 

disciplines that ensures fundamental knowledge (first year  of 

study), and specialised knowledge (second year of study, 

including the dissertation diploma thesis preparation), 

respectively, as it is illustrated in Table I.  

TABLE I 

First Year Second Year 

Semester 1 Semester 2 Semester 3 Semester  4 

Fundamental 

Disciplines in  
eActivities & 

1 optional (2) 

Specialised & 
fundamental 

Disciplines in  

eActivities & 
1 optional (2) 

Specialised 

Disciplines in 
eBusiness & 2 

optional (8) 

Dissertation 

thesis 
elaboration in   

eBusiness 

Specialised 
Disciplines in 

eGovernment & 2 

optional (8) 

Dissertation 
thesis 

elaboration in   

e-Government 

Specialised 
Disciplines in 

eMedia and 2 
optional 2 ( 8) 

Dissertation 
thesis 

elaboration in   
eMedia 

Specialised 

Disciplines in 

eHealth & 2 
optional (8) 

Dissertation 

thesis 

elaboration in   e 
eHealth 

Practical 

activities in 
companies  

Practical 

activities in 
companies  

Practical 

activities in 
companies  

 

The programme includes optional disciplines that offer 
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students opportunities to study in accordance with their needs 

and also with the economical environment requirements. 

Beginning with the second year of study the students have 

to choose their specialization and they are selected  based on 

their performances obtained in the first year of study for four  

specialisation: 

 eBusiness: specialization in analysis, administration, 

implementation and integration of informatics 

services for electronic business transactions 

including B2B (business-to-business) and B2C 

(business-to-consumer) activities, and also the 

development of strategies for eBusiness, electronic 

tax payment and eCommerce. The main competences 

obtained from this specialization will include 

expertise in the field of Information and 

Communication Technology (ICT) and capacity to 

evaluate the specific needs for electronic processing 

of on line economical transactions  

 eGovernment and Administration: specialization 

in  specific government activities regarding public 

institutions or large scale private companies by using 

modern ICT technologies: institutional eGovernment, 

eGovernment for citizens, eGovernment for business 

as well as for implementation of solutions dedicated 

to the sustainable growing and promoting innovation 

in all aspects of everyday life.   

 eMedia: specialization that ensures abilities to: 

analyze and define specifications of  informatics 

solutions implementation for digital content 

management  in various activity domains (public 

information, entertainment, culture and education, 

advertising or social networks), create multimedia 

content, electronic services for digital media 

installing and configuration, use and administrate  

specific digital content management technologies, 

and elaborate strategies for generating economic 

profit based on electronic services such as eMedia 

 eHealth: specialization that provide abilities to: 

analyze, integrate and manage, both in terms of 

information technology and in terms of health 

systems management, technological solutions for 

remote diagnosis, monitoring and remote patient 

consultation, medical resource management and 

patient care in order to improve the efficiency and 

quality of medical services.  

C. Master programme in eActivities curriculum 

This Master programme in eActivities is especially 

designed for people who have minimal skills in information 

technologies and wish to gain a quality expertise in order to 

meet the new challenges and requirements in the field of 

electronic services.  

Thus, due to the achieved learning outcomes the graduates 

will be more qualified for future requirements of the labour 

market. 

The curriculum is designed to ensure, in a first step, the 

knowledge updating of all master students, even if they have 

different educational profiles, and then, their specialization 

through courses and practical activities of a high standard.  

Graduation of this Master programme is certainly a 

significant step in their personal career development and 

opens a wide range of opportunities for their professional 

activity.  

Meanwhile due to the competences matrix developed 

within this Master programme, 4 new legal occupational terms 

will be defined and legally recognised in the RCO (Romanian 

Classification of Occupations): eBusiness specialist, 

eGovernment and Administration specialist, eMedia specialist 

and eHealth  specialist. 

1) First year of study - core curriculum for all 

specializations ( Table II): 

TABLE II 

Semester Discipline title 

1 1. Electronic Services 

2. Internet Technologies 

3. Project Management 

Optional 1 (1 of 2) 

4. Data Bases Management 

5. Use of networks & communications protocols  

6.Practical activities 

2 1. eActivities Platforms  

2. eActivities System Design  

3. eActivities Systems Security 

Optional 2 (1 of 2) 

4.Web2.0 Technologies 

5.Knowledge management and semantic web  

6.Practical activities 

 

2) Second year of study-eBusiness specialization (Table 

III)  

TABLE III 

Semester Discipline title 

3 1. Entrepreneurship and digital innovations for 

business environment 

2. ECommerce 

Optional 3 (1 of 2) 

3. Marketing digital technologies 

4. Data modelling and analysis for Management 

decision 

Optional 4 (1 of 6) 

5.Digital Content Management Systems 

6.Advertising 

7.eGovernment for citizens 

8.eGovernment for business environment 

9.Communication and Storage standards for medical 

data 

10. Medical Informatics Systems Management 

11.Designing practice 1 

4 12.Designing practice 2 

13.Dissertation Thesis elaboration 

 

3) Second year of study- eGovernment and 

Administration  specialization (Table IV) 

TABLE IV 
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Semester Discipline title 

3 1. Institutional eGovernment  

2. Society’s sustainability and innovation 

Optional 3 (1 of 2) 

3.eGovernment for citizens 

4.eGovernment for business environment 

Optional 4 (1 of 6) 

5. Marketing digital technologies 

6.Data modelling and analysis for Management 

decision 

7.Communication and Storage standards for medical 

data 

8.Medical Informatics Systems Management 

9.Digital Content Management Systems 

10.Advertising  

11.Designing practice 1 

4 12.Designing practice 2 

13.Dissertation Thesis elaboration 

 

4) Second year of study-eMedia  specialization (Table V) 

TABLE V 

Semester Discipline title 

3 1. Digital media  

2. eMedia Design 

Optional 3 (1 of 2) 

3.Digital Content Management Systems 

4.Advertising 

Optional 4 (1 of 6) 

5.Marketing digital technologies 

6.Data modelling and analysis for Management 

decision 

7.eGovernment for citizens 

8.eGovernment for business environment 

9. Communication and Storage standards for medical 

data 

10. Medical Informatics Systems Management 

11.Designing practice 1 

4 12.Designing practice 2 

13.Dissertation Thesis elaboration 

 

5) Second year of study- eHealth  specialization 

 
Semester Discipline title 

3 1.eHealth Applications  

2. Medical images remote analysis and processing  

Optional 3 (1 of 2) 

3.Communication and Storage standards for medical 

data 

4.Medical Informatics Systems Management  

Optional 4 (1 of 6) 

5.Marketing digital technologies 

6.Data modelling and analysis for Management 

decision 

7.eGovernment for citizens 

8.eGovernment for business environment 

9. Digital Content Management Systems 

10.Advertising 

11.Designing practice 1 

4 12.Designing practice 2 

13.Dissertation Thesis elaboration 

D. e-start educational on line platform  

 

The e-start platform is available on line at the following 

address: http://www.e-start.ro/, it is based on Moodle and it is 

available for all the tutors , students administrators from all 

partner universities. The platform ensures the educational 

activities and content management as well as users 

administration for all the tutors and students involved in this 

program.  

In Fig.1 the main interface of the e-start platform is 

presented. This interface is specific for tutors and includes 

links to personal profile settings, assigned courses, evaluation 

questionnaires, calendar of activities, news related to 

educational activities, a guide for using the platform, and 

other useful information for this type of user. 

 

 

Fig. 1  e-start platform main interface  

 Different interfaces were designed and implemented for 

specific users (administrator, tutors, and students) and 

education activities. The content of disciplines is available 

within the e-start platform after registration in accordance 

with the specialization chosen by the student, and tutors can 

access their own courses.  

  

 

Fig. 2 Content of a discipline module within the e-start platform  

Fig. 2 presented above, illustrates the platform interface 

that offers content visualisation for one of the modules of the 

Electronic Services discipline (first year of study).  
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Disciplines content is divided in several modules and for 

each module specific teaching materials were created: course 

documentation and tutorials, activities/applications, etc. For 

certain disciplines students have to upload in the e-start 

platform homework or project files which are evaluated by 

tutors and filled in the electronic database of student's grades. 

Although most teaching materials and activities are on 

line, students must attend for each discipline, several face-to-

face meetings with tutors which are practically oriented. 

 

III.      MASTER PROGRAMME IN EACTIVITIES PILOT STAGES 

A. First pilot stage 2011-2013 

In this stage, a number of 100 students, 25 from each 

project partner university attended this educational 

programme in the field eActivities at Master level, receiving 

at the end of the programme a certificate for a post graduate 

course. Students were selected from the regular Master 

courses from the partner universities and they were already 

enrolled in different faculties and specializations varying from 

the technical domains such as Computer Science, Electronics 

and Telecommunication, Electrical Engineering, to 

Mathematics, Information technology, and also to Business 

Administration, Human Resources Management,  Projects 

Management, Marketing, etc.  Student’s selection was based 

on an interview and in the end of the first stage 92 graduated 

the Master programme after defending their Dissertation 

theses. Due to the project financing, in this stage tutors 

received salaries based on monthly contracts and students 

received monthly grants. The first semester evaluation results 

from the first pilot stage were described in another paper [1]. 

B. Second  pilot stage 2012 - 2014 

In this stage, a number of 103 students, from four project 

partner universities attended the Master programme in  

eActivities , and only 4 abandoned the courses.  Students were 

also selected from the regular Master courses from the partner 

universities  

The period 2012-2013 of this stage will be financed from 

the project budget, and the last period 2013 - 2014 from 

universities own budgets. 

IV. MASTER PROGRAMME PILOT STAGES EVALUATION 

 

With the ongoing internationalisation of the engineering 

profession there is an ever increasing need for universities to 

provide robust evaluation of the quality of their undergraduate 

and Master programmes and to benchmark that quality 

internationally. There are a variety of methods used to 

evaluate courses and programs including student 

questionnaires, final grades, progression-retention data, and 

graduate attribute and competency mapping [2]. 

The general objective of the Master programme pilot 

stages evaluation is to ensure the quality management and the 

overall improvement of the educational content and 

organisation at the level of multi-regional collaboration 

between partner universities in order to ensure a solid 

fundament for accreditation procedure and for future running 

of this new Master programme in eActivities. 

Taking in consideration the novelty of this Master 

programme curriculum, the developed structure and content 

for the new disciplines, the evaluation of the programme by 

students and tutors was considered necessary with respect to 

the content adequacy with the present economical 

requirements and new technologies. 

Therefore, during the first and second pilot stage were 

identified several criteria useful for adapting teaching 

materials in order to increase their quality in accordance with 

the specific requirements of a part time study programme and 

to ensure a better collaboration  between partner universities 

involved in this multi-regional Master Program.  

The main components of the evaluation strategy are 

illustrated in Fig. 3. 

 

 

Fig. 3 Master programme pilot stages evaluation components 

A. Teaching materials quality improvement approach 

 

This component of the evaluation strategy was based on: 

 Each module evaluation: standardised questionnaires 

filled in by 1 or 2 students from each partner university 

for each module and for all disciplines. These 

questionnaires were assigned to the students at the 

beginning of each pilot stage and were focused on 

teaching materials for course and applications. The goal 

of this evaluation component was to gather quality 

information, as concrete suggestions for teaching 

material quality improvement, according to the needs of 

students. There were nominated persons responsible for 

implementing the pilot programme in each university 

and they centralized the results of the feedback received 

from the students.  

 Disciplines global evaluation: which was foreseen for 

the end of each semester, was based on standard 

evaluation questionnaire. The purpose of these 

assessments was to obtain a quantitative measure of the 

degree to which certain quality criteria are met for this 

123



Master program. The questionnaires for global 

evaluation included questions concerning discipline 

course and application teaching materials, as illustrated 

in Table VI for discipline Electronic Services for the 

first pilot stage, first semester. In this table are 

illustrated only general scores (5 – Excellent, 4 – Good, 

3 – Satisfactory, 2 – Fair,1 - Unsatisfactory) for all 

partner universities, but individual data for each 

university were centralised, as well.  

TABLE VI 

 

 

 

Fig. 4  Global evaluation of the discipline: Electronic Services for first 

semester, first pilot stage 

For this discipline evaluation, the total score was 4.26 

(maximum is 5). Similar tables and graphics were 

exported from e-start platform in Microsoft Excel for 

each discipline and, along with the observations of the 

tutor responsible for each discipline constituted the main 

elements for adapting educational content for the second 

pilot stage and for the future accredited Master 

programme. 

B. E-start platform robust functionalities 

In order to ensure the robustness of the e-start electronic 

platform support functionality, a test team consisting in 2-3 

students from each partner university was involved in using a 

testing protocol and filling in a questionnaire that offers 

valuable information in order to take corrective actions that 

ensure robust functionality.  

C. Quality programme administration 

 

In order to increase the quality of administrative and 

management processes the following evaluations components 

were implemented 

 evaluation by students at the end of each semester, of 

the organisational framework of the multi-regional 

master based on specific assessment standards for part 

time education (quantitative assessment) 

 administrative process evaluation by tutors and 

administrative staff involved in the multi-regional 

master programme (qualitative assessment), focused on 

practical suggestions and recommendations to improve 

the organization/administration. 

Based on these assessments the project management team 

took administrative decisions and developed administrative 

and support guides, collaboration protocols and operation 

rules for all people involved in the Master programme. 

 

V. CONCLUSIONS 

The main results obtained in the pilot stages are: 

 Quality validated teaching materials  

 Tested electronic on line platform (e-start) used for 

the management of educational content and activities  

 Documentation necessary for defining the 

organizational frame, procedures and methodologies 

for the implementation of the multi-regional part 

time master programme  in eActivities  

 92 graduates from the first pilot stage that received 

post graduate diplomas in eActivities specialisations: 

eBusiness, eHealth, eGovernment and 

Administration and eMedia, and around 99 future 

graduates in the second pilot stage. 

The results of pilot stages evaluation concerning the 

curriculum, content, infrastructure and organizational frame 

were considered good and the eLearning environment (e-start 

platform) represents a viable model for the multi-regional 

Masters programme. 

Sustained efforts are taken in order to obtain accreditation 

of this Master Programme in eActivities at national level (2 

year part time studies, 120 ECTS credits) . 
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Abstract— Increasingly, education is becoming more 

internationalised and this brings the need for faculty to understand 

and interpret the education systems in different countries. In this 

paper, consideration is given to the teaching and learning of 

electronic engineering within two universities which are located in 

different regions worldwide, and a comparison of the teaching and 

learning in both institutions is provided. The first institution, the 

University of Limerick (UL), is based in the Republic of Ireland 

and is part of the wider European Higher Education area. The 

second institution, the Universiti Teknologi Malaysia (UTM), is 

based in Malaysia. Consideration is given to six chosen areas of 

common importance to both institutions and these areas are 

compared. The considerations are confined in this paper to 

undergraduate programmes. 

 
Index Terms—teaching & learning, internationalisation, 

comparison 

I. INTRODUCTION 

With rapid changes in technology, industry constantly 

adapts to these changes by identifying and providing the 

consumer with the products that they want – not necessarily 

adapting to the “market needs” but to the “market wants”. The 

history of technology is marked by this differentiation – 

consider the Betamax versus VHS video tape format battle 

back in the 1980’s; the discussions even around this piece of 

technology history can still form debates and arguments [1], 

[2]. In the past, the higher education sector (universities and 

other education providers) has been slow to make changes and 

the adaption to changing circumstances has in many cases 

been frustratingly slow to adopt and has also required 

significant effort to do so. This has been due to many reasons, 

with the important reasons differing between people due to 

their individual priorities. The roles people undertake within 

an organisation will in some way determine what their 

particular priorities are. However, today with massive changes 

in personal mobility, communications, technology and 

consumer power, higher education institutions worldwide are 

being forced to adapt to the changing times. This is 

particularly noticeable in the areas of engineering, science and 

technology. In addition, new ideas and products being 

provided by companies, along with changing work practices, 

require graduates with skill sets that in past were not required. 

This requires the education providers to adapt in order to 

provide these skills whilst maintaining the necessary 

traditional role of education in the provision of suitable 

graduates attributes such as theoretical concepts, self-study 

skills, problem identification and solving, academic discipline 

and ethical behaviour amongst others. For example, the 

University of Limerick [3] has identified the following six 

graduate attributes [4]: responsible, articulate, proactive, 

creative, collaborative and knowledgeable. The Universiti 

Teknologi Malaysia [5] has identified the following seven 

graduate attributes [6]: Communication skills; Critical 

thinking and problem solving; Teamworking skills; 

Information management and lifelong learning skills; 

Entrepreneurship skills; Leadership skills and proactiveness; 

Ethics and integrity. 

However, the education providers, whilst needing to adapt 

to change, must undertake the necessary actions in an 

appropriate manner – and make changes where necessary (not 

just making “change for change sake”), considering all stake-

holders in the actions from institution executive level through 

to administration, academics and technical support. In this 

paper, two universities are considered and discussed. The first 

institution, the University of Limerick (UL) [3], which is 

based in the Republic of Ireland and is part of the wider 

European Higher Education area. The second institution, the 

Universiti Teknologi Malaysia (UTM) [5], is based in 

Malaysia.  

Six areas relating to the teaching and learning of electronic 

engineering at the university level are considered and the 

approaches undertaken in both institutions are identified and 

compared. The identified priorities and discussions are 

considered from an academic (faculty) viewpoint and consider 

how changes and priorities exist in order to better understand 

the teaching and learning in the two institutions. The six 

chosen areas are: 

 

1. Course structure and duration. 

2. Student profiles. 

3. Student support provision. 

125



4. Challenges to higher education; meeting student 

needs and expectations, financial restrictions, 

changing technology, new ways of teaching and 

learning. 

5. Internationalisation. 

6. Academic roles. 

The paper is structured as follows. Sections II to VII will 

identify and discuss the six identified areas: section II will 

consider course structure and duration; section III will 

consider students profiles; section IV will consider student 

support provision, section V will consider challenges to higher 

education; section VI will consider internationalisation and 

section VII will consider academic roles. Conclusions will be 

provided in section VIII. 

 

II. COURSE STRUCTURE AND DURATION 

Courses (programmes) at the undergraduate level vary in 

duration depending on the country and academic level to be 

attained by the students. However, typically the duration is 

either three or four years. In engineering, the degree award to 

be obtained would be a Bachelor of Engineering (abbreviated 

to either BEng or BE).   

 

University of Limerick 

In electronic engineering, a single course is studied within 

the Department of Electronic and Computer Engineering which 

is a department within the Faculty of Science and Engineering.  

The Bachelor of Engineering (BE) in Electronic and 

Computer Engineering (BE in ECE) [7] is a four year 

programme in which there are nine academic semesters. This is 

a recently introduced programme which has consolidated three 

existing engineering programmes. This change was undertaken 

as part of a recent programme review.  

Within the European education framework as set out in the 

Bologna Agreement [8], the programme is worth 270 ECTS 

credits (ECTS: European Credit Transfer and Accumulation 

System [9]). Each academic semester accumulates 30 ECTS 

credits and the programme includes two semesters of work 

placement (referred to as co-operative education [10]). The 

programme has a common first two years for all students and 

then, after the co-operative education period, specialist streams 

are chosen by the students in electronic engineering, computer 

engineering, robotic engineering, electrical engineering and a 

general studies option. In the Irish education system, this is a 

level 8 honours degree programme (on the 10 level framework 

of education [11]). 

The university operates a semester system with two, 15-

week teaching semesters (Autumn semester (September-

December) and Spring semester (January – May)). During the 

co-operative education period after the second year of study, 

the summer semester (June-September) is also used. Figure 1 

provides an overview of the programme structure.  

Changes to the programme structure and content have come 

for a number of different reasons including industrial 

requirements (national level needs), national policy changes 

and limited resources (financial restrictions including 

personnel). In addition, the national professional body 

Engineers Ireland [12] has changed its academic programme 

accreditation policy on accreditation for Chartered Engineer 

status which means that to apply for Chartered Engineer status, 

a graduate would need to have obtained a 5 year masters 

qualification from an accredited programme rather than 

previously a 4 year Bachelors qualification. Hence, the new 

Bachelors programme needs to consider this option. 

 

 

Fig. 1.  BE in Electronic and Computer Engineering structure (UL) 

 

Universiti Teknologi Malaysia 

The Bachelor of Engineering (Electrical-Electronics), 

(SKEL), is offered by the Department of Electronics and 

Computer Engineering (ECE) which is a department within the 

Faculty of Electrical Engineering [13].  

SKEL is a four year program which consists of 8 normal 

semesters and 10 weeks of industrial training. One semester 

consists of 14 lecture weeks. The first semester of the year 

(semester 1) starts in the middle of September and runs through 

to the middle of January of the following year [14]. The 

following semester (semester 2) starts in the middle of 

February and ends in the middle of June. Students will have to 

complete 134 credit hours, where one credit is equivalent to 14 

hours of lectures or 30 hours of practical sessions 

(studio/project), in a semester.  

For the first 5 semesters, the students will have core 

common subjects, but starting in the sixth semester they could 

choose elective subjects which leads towards specific area in 

microelectronics, electronics system design, computer 

engineering and medical electronics [15]. It is also worth to 

mention that majority of the subjects are conducted in English.  

The purpose of industrial training is to expose the graduates 

to not only real technical issues but also industrial work ethics. 

In the final year, students will take up final year project which 

is meant to harness their problem solution technique as well as 

project management skills. Upon their graduation, students are 

expected to be a member of Malaysian Institute of 

Electrical/Electronics Engineers so they could legally join the 

work force [16]. 

Autumn Spring 

Autumn Spring Year 3 

Year 4 

Autumn Spring Summer 

Autumn Spring 

Year 2 

Year 1 

Co-operative 

education 
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Fig. 2.  Bachelor of Engineering (Electrical-Electronics) (UTM) 

 

Discussion 

Major similarities between the Bachelor degree 

programmes above are in course options where students could 

choose their area of specialisation in the later stage of their 

study while maintaining common subjects in the first two or 

three years. Both programmes also have almost similar 

academic calendar. An advantage of having common academic 

calendar is that might be possible that a future student 

exchange programme could be initiated. As the SKEL 

programme is also conducted in English, students in the 

exchange programme should not have issue with language. 

 

III. STUDENT PROFILES 

In the past, the traditional student profile for entry into an 

undergraduate programme was an individual of normally 

around 18-years of age who had just completed secondary 

school with appropriate grades in required subjects for the 

university course to study. However, the appropriate move to 

include students from areas such as underrepresented groups 

(students from socio-economically disadvantaged backgrounds, 

students with disabilities and mature students), industry 

requested programmes and international students with 

backgrounds from different prior education systems, means 

that the student profiles are changing. This requires the systems 

within the institution to adapt to these changes. 

 

University of Limerick 

When the university was initially established as the 

National Institute for Higher Education (NIHE) in Limerick in 

1972 (subsequently becoming a university in 1989), the 

majority of the students would have been national students who 

lived in the locality of the university and studied in a full-time 

at-presence mode of study. However, particularly in the last 10 

years, the student profile has become diverse with a welcomed 

move towards greater inclusion of underrepresented groups 

(students from socio-economically disadvantaged backgrounds, 

students with disabilities and mature students), reacting to the 

industry needs for re-skilling and up-skilling, and ever more 

internationalisation. There has been a rapid change in the 

approaches to supporting the students with differing needs 

ranging from support with disabilities through to returning to 

education for mature students, part-time and lifelong learning 

programmes, and English language classes for some 

international students. The rapid change has meant a lot of hard 

work to adapt to these changes from the academic and 

administrative sides of the university; student support services, 

academic departments and international education (including 

Erasmus placements). In addition, the students wish to learn 

using a blended learning [17] approach and to seamlessly 

integrate technology into their education process which can be 

a challenge to support new and emerging technology in 

teaching and learning. 

 

Universiti Teknologi Malaysia 

There are three entry modes for students to the SKEL 

program. Majority of them will usually choose option 1 where 

after their secondary school (at the age of 18) and after they 

pass with good grades their Malaysian certificate exam (SPM), 

they will enroll in 1 year pre-university program known as 

matriculation program under Ministry of Education Malaysia 

(MOEM) [18].They could later choose SKEL as one of their 

choices in the university application form and if they could full 

fill the entrance requirement, they would be accepted to enroll 

in the program. They will be enrolled in the first year of SKEL 

program. The second entry mode (option 2) could be done after 

the students have completed another 2-year secondary school 

and pass their high school certificate exam (STPM).  These 

groups of students will enroll in the second year of SKEL 

program. The third entrance route (option 3) is through 

diploma mode where students who did not pass with good 

grade in SPM could be accepted for diploma program in 

electronic engineering which lasted in three years. Once they 

obtained their diploma they could later apply for admission in 

the SKEL program where they will be enrolled in the second 

year. 

 

Discussion 

Both institutions provide multiple entry routes into their 

undergraduate degree programmes which aim to support 

students from differing academic backgrounds. The traditional 

route from secondary school would still be the primary entry 

route for the majority of students. However, for those students 

who would not have the traditional academic background, 

there are additional entry routes which widen participation in 

higher level education. Such alternative routes are aimed to 

provide the necessary academic support to allow students to 

achieve their own personal academic success. 

 

IV. STUDENT SUPPORT 

The appropriate move to include students from areas such 

as underrepresented groups (students from socio-economically 

disadvantaged backgrounds, students with disabilities and 

mature students), industry requested programmes and 
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international students from different prior education systems, 

means that the student profiles are changing with a requirement 

that the necessary support services to meet the needs of the 

students are provided. Universities have always welcomed 

diversity and this, coupled with national policy changes, allows 

for a welcomed increase in the numbers of students from these 

non-traditional backgrounds. In addition, with the increase in 

internationalisation, classes with diverse cultural backgrounds 

are becoming the norm and support for international students is 

ever increasing. This has also to be considered along with the 

financial pressures which are put onto the academic institutions 

to reduce costs and increase efficiency whilst maintaining high 

standards which can be quantified. 

 

University of Limerick 

In order to support an ever more diverse student population, 

the administrative and academic departments have needed to 

adapt to these changing times. To support students who have 

been underrepresented in higher education, which includes 

students with disabilities, students from socio-economically 

disadvantaged backgrounds and mature students, the university 

provides an Access Office which also provides outreach 

programmes into the community. Students from socio-

economically disadvantaged backgrounds are supported 

through the HEAR (Higher Education Access Route) [19]. For 

students with disabilities, the university provides a Disability 

Support Services office which engages with students and 

provides the necessary support in order to progress through the 

education system. This is supported at a national level through 

the DARE (Disability Access Route to Education) [20]. 

International students are supported through the International 

Education Division. Industry links have always been a strong 

part of the university, from the initialisation of the cooperative 

education system, and the interactions with industry provide an 

ability to identify important areas for the students to study 

along with emerging needs of industry. In addition, through 

national initiatives then new programmes focused on the needs 

of industry (including short and part-time courses) are offered 

to meet these needs. In addition, the university and companies 

provide scholarships to students with good academic entry 

qualifications and performance during their programmes of 

study. The Careers Service provide access to industry and 

companies are invited to engage with the university through 

careers fairs and job advertising. 

 

Universiti Teknologi Malaysia 

UTM adopts student friendly approach where it aims to 

cater student needs as much as possible. Through its 

endowment fund, first year students with good entrance 

qualifications will be awarded with a scholarship [21]. All 

students will be offered a place within the campus hostel. UTM 

has a large campus which requires transfer between 

departments and buildings. To help students to move around 

the campus, the university provides a free bus service which 

continuously moves around the campus or the students are 

allowed to drive their vehicle on campus. The campus itself is 

self-sufficient where all basic needs are available which 

include banks, clinics, post office, cafeterias which serve an 

international cuisine. UTM has vast campus area which 

includes a tropical jungle that is suitable for students who like 

physical exercise like jungle trekking, canoeing and cycling. In 

order to ensure its programs are compatible with industrial 

needs, UTM appoints representatives from companies to sit in 

its industrial advisory board. Companies are continuously 

invited to deliver technical talks to update students on current 

technology and encourage UTM’s staff to go sabbatical work 

with industry [22]. 

 

Discussion 

Both universities provide a range of student support 

services from academic through pastoral to careers. Both 

universities have a strong industrial focus in the electronic 

engineering area and equipping students with the skills for the 

work place are core underlying principles. Each university has 

multiple student support services which would provide for a 

long list – only a small number of considered services have 

been identified here which relate more to the academic studies 

and student post-graduation careers. Both universities are 

dedicated to student support, however where the priorities lie 

do vary to an extent between institutions. 

 

V. CHALLENGES TO HIGHER EDUCATION 

Worldwide, higher education institutions face many 

challenges both at a national level and at an international 

level. Changes to the roles undertaken by the institutions 

coupled in many countries with current economic climate add 

to the challenges that already exist. Governments look more 

closely at how education can be best funded in order to 

preserve quality, wider access and provide graduates with 

relevant skill sets for industry and the wider community. 

 

University of Limerick 

Over the last decade, the country has gone through a 

dramatic change with the rise and ending of the so-called 

Celtic Tiger period. During this time, a substantial amount of 

money was provided to the higher education institutions (both 

the universities and institutes of technologies) in order to 

improve student resources and increase academic research. 

This led in many cases to rapid expansion in university 

campuses, increase in staff numbers and a wider participation 

in education. However, today the funding that was once there 

is no longer available and so change is required to become 

more cost effective. In addition, a major effort by the 

universities and government to internationalise education and 

attract more international students to the country has been 

dramatic. This expansion can be seen at the University of 

Limerick simply by wandering around the campus. Whilst the 

university has autonomy in how it operates, provides 

education and awards degrees, it falls under the auspice of the 

Higher Education Authority. In its National Strategy for 

Higher Education to 2030 [23], the vision for the future of 

higher education is identified, the context for change given; 

vision;  teaching and learning, research; engagement with the 
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wider society; internationalising higher education; system 

governance; coherent framework; and a sustainable and 

equitable funding model. This will lead in the future to 

funding changes, rationalisation and the sharing of resources 

between institutions. 

 

Universiti Teknologi Malaysia 

Malaysia used to be one of the largest electronic products 

producer from 1970’s to 1990’s. This was due to the existence 

of multinational semiconductor companies [24]. During that 

time period, the production of electronic products was labour 

intensive and employed low technology. As technology has 

progressed and production costs rise, Malaysia has lost some 

of its competitive advantages compared to other countries 

such as Vietnam and China.  Malaysian universities are now 

having daunting task to create Malaysian own technology in 

order to survive stiff competition internationally, especially in 

the electronics industry.  

Research activities in UTM, which was before limited, is 

now increasing and charts the road map for the university. 

UTM has also been awarded research university status and has 

autonomy in certain areas. 

 However, the yearly funding from the Malaysian 

government has significantly been reduced which warrants 

UTM to seek alternative financial resource to fund its 

operations.  

 

Discussion 

The increasing demands on teaching & learning and 

research which the universities undertake with increased effort 

and competition is also being met with financial restrictions 

from government. Both universities are public state universities 

which obtain a substantial amount of their funding from their 

respective governments. However, and particularly at this 

current point in time, the governments are being challenged 

with reduced funding availability and hence pass on a this 

challenge with a reduction in the provided university funding. 

However, the universities are striving to maintain quality, to 

increase activity and become more efficient in their operation. 

 

VI. INTERNATIONALISATION 

In the past, a focus of many higher education institutions 

was towards the education for national students. However, 

now higher education institutions worldwide have identified 

the international student market for the recruitment of students 

to their programmes of study. Whilst a major motivation for 

this move is financial, the diverse cultures that can be brought 

to the institution when a vibrant and active international 

student group exists can provide many benefits to the campus 

life and the richness of culture within that institution. This 

does require the institution to provide the necessary support 

for student recruitment and support whilst studying. 

 

University of Limerick 

A major effort by the universities and government to 

internationalise education and attract more international 

students to the country has been dramatic. A number of 

initiatives have developed over the last decade with promotion 

effort by the individual institutions and by the institutions 

combined under the auspice of Educate in Ireland [24]. 

Within the University of Limerick, a dedicated International 

Education Division was established. Its activities are centred 

around the international student exchanges aspect of teaching 

and learning, and is structured into five key areas; Study 

Abroad (programmes for international students who wish to 

spend a semester or year at UL earning academic credit that is 

recognised by their home institution); Erasmus; International 

Exchanges (for home students may apply for an academic 

placement in any of these institutions instead of an Erasmus 

placement in an EU university); Summer Schools; and Full 

Degree Programmes (for international students to study for 

full undergraduate degree programmes). Taught postgraduate 

programmes and research degrees are supported through the 

Graduate Studies office. The International Education Division 

interfaces with the students, university administration and 

academic departments to support student recruitment, student 

enrolment and student support. 

 

Universiti Teknologi Malaysia 

UTM is public university where a large portion of its 

financial needs comes from Malaysian government.  Thus in 

the past there was no need to actively recruit foreign students. 

However, as work place is now no longer static and confined 

to the office desk, and the staff of an organization may come 

from different parts of the world, there is a need to expose 

university students to different cultures, race, religions and 

backgrounds so they are better prepared for working world. To 

address this issue and to make its presence noticed   

internationally, UTM has proactively accepts bachelor degree 

students from other countries. Though the number of foreign 

bachelor degree student is small, their presence adds another 

element of diversity to the campus and create healthy 

competition amongst students.   

Another major initiative is through its global outreach 

program (GOP) [25] where students are encourage and partly 

financially supported to conduct academic and social activities 

outside Malaysia. In the global outreach program, students 

would also act as ambassadors for UTM to foster relationship 

with foreign universities or organisations. They may spend 

time to deliver technical talks, present their final year project 

or even undertake charity work.   

UTM also has summer school programs where overseas 

students could spend time learning subjects of interest and 

make use of their short stay with social activities like tropical 

river cruises, visit to fishermen villages and sample local fruits 

during fruit season.  

 

Discussion 

The two countries have many similarities; politics; 

industry; education. Politically, they are both outward looking 

and have adapted their economies from a focus on domestic 

demand and agriculture towards an international focus and 

technology, particularly the area of information technology 
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(IT). With this move, foreign direct investment (FDI) and the 

role of multinational companies are of high importance. 

Hence, their economies are tightly linked to the global 

economy.  

However, there is a move in both countries to establish 

national industry which can support or even compete with 

multinational companies as well as develop new areas of 

industry. The role of the universities is important to this with 

the need to provide graduates with the necessary skills and a 

global perspective.  

Both universities have established support within the 

organisations to enable adaptation to the international area and 

the ability to; recruit international students; allow their 

students to study abroad; and allow for faculty exchanges. 

 

VII. ACADEMIC ROLES 

The role of the academic within a higher education 

institution has traditionally been considered to be teaching, 

research and administration. The relative weighting and time 

dedicated between these roles can vary considerably between 

institutions and attempting to quantify the role undertaken by 

individual academics can in many cases be difficult to define.  

However, the institution funding bodies (appointed by 

national governments) are increasingly attempting to define 

the role of the academic in financial terms. In addition, a move 

towards inclusion of underrepresented groups and outreach to 

the wider community, along with changes to the primary and 

secondary level education systems which have an impact on 

the student profile have to be taken into account. 

 

University of Limerick 

The role of the academic with the university has 

dramatically changed over the last ten years. Before the Celtic 

Tiger period, the university mainly recruited students 

nationally and the majority of students would have been from 

the locality of the university.  

The use of technology for teaching and learning was 

limited. During and since the end of the Celtic Tiger period, 

the rapid changes to the country, society and the overall 

education system has rapidly changed the role and work 

practices within the university.  

Academics, whilst still undertaking the generic roles of 

teaching, research and administration, now have a changing 

landscape in which to do this. Where once change was 

sometimes slow to occur, the university system is now 

reacting in a way that would be similar to private industry and 

this requires a culture change within the institution.  

At the teaching level, technology such as the introduction 

of the learning management system (LMS) at a university 

wide level, the move towards more electronic and on-line 

teaching (at-presence and distance learning), teaching to an 

increasingly international class, outreach to society and 

industry,  and the changing skill sets that the students come in 

to the university from second level education, has required 

academics to change work practices and to engage in the 

learning of new teaching methods and support systems.  

At a research level, the inclusion of commercialisation 

aspects and bringing research outcomes to the classroom are 

being increasingly highlighted. 

 

Universiti Teknologi Malaysia 

During economic boom, UTM’s final year students 

especially those who enrolled in SKEL program used to 

received several job offers which certainly relieve program 

management and lecturers.  Thus during that time, the role of 

the academic was very much limited to lecturing and 

managing course content. However, as fewer jobs are now 

available to graduating students, lecturers have now to extend 

their roles to ensure their subjects are relevant to industrial 

demand as well as helping and facilitating students in securing 

jobs. For example, mock job interviews are continuously held 

to help students to prepare their résumés as well as to expose 

them to techniques to prepare for job interviews. Lecturers are 

also encouraged to conduct short courses for students which 

cover materials not covered in their syllabus content. As the 

lecturer mode has now changed to e-learning, lecturers are 

also expected to continuously update their course notes as 

some of them allow other parties from outside UTM to have 

access to them.   

 

Discussion 

The role of the academic here has really considered the 

teaching side of the role and how the lecturer interacts with the 

students. In the past, the role of the lecturer was much more 

clearly defined and the interactions with the students were 

mostly related to academic material delivery in the classroom 

and course management. However, with changing demands on 

the students (particularly with the changing job situation on 

graduation), academics are now taking on additional roles such 

as mentoring and providing course content in an e-learning 

format. The role of the academic is therefore changing with 

increasing demands on the academic’s time. This requires the 

academics to modify their work practices and to become more 

student-centered in their actions and interactions. 

 

 

VIII. CONCLUSIONS 

In this paper, consideration has been given to the teaching 

and learning of electronic engineering within two universities. 

The aim was to identify how electronic engineering education 

is undertaken within these two institutions which are located in 

different geographic locations in the world. Six key areas were 

considered and the actions undertaken within each institution 

were provided and discussed. The purpose of this was to 

identify aspects of the academic systems which are similar or 

different in order to gain a greater understanding of the 

education systems in each of the countries. 
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Abstract— The ELLEIEC ERASMUS thematic network was 

running from October 2008 to September 2011. This project 

deals with several aspects linked to Lifelong Learning in 

Electrical and Information Engineering in Europe. Within this 

project, Task 4 is dedicated to “Implementation issues across 

EIE”. The idea of this task was to see how we can, thanks to 

implementation using Programs available from the European 

Commission, and associates (ERASMUS, CD, ERASMUS-

MUNDUS, ATLANTIS, IP) to emphasize and develop mobility 

and cross-recognition. Another aspect, strongly connected, was to 

analyze the existing and possible interactions of Higher 

Education Institutions and Lifelong Learning. The European 

consortium of ELLEIEC was a good opportunity to conduct a 

survey on that point in the various countries involved in the 

program. Two surveys one for the “bachelor and master” levels 

and one for the doctoral studies were carried out.  The survey for 

the doctoral studies was statistically analyzed.  Furthermore, the 

doctoral studies survey was investigated using clustering analysis 

and more precisely hierarchical, in order to compare the answers 

in 21 European countries and to find similarities among them.   

 

Keywords— ELLEIEC, Electrical and Information and 

Engineering, mobility, recognition, Lifelong Learning. 

I. INTRODUCTION 

Mobility, recognition, Lifelong Learning, and accreditation 

are very important keywords for Europe, and also beyond 

Europe. The global European policy, but also “Euro-other 

world regions” programs is to encourage mobility of people, 

workers and citizens, during their studies and during their 

professional lives. Lifelong Learning means that people 

should learn, study, improve and adapt themselves to the 

continuing evolving society [1]. Recognition can be 

considered both as the possibility for a student to have credits 

obtained in one country or system to be recognized in another 

country, and for a worker to have his diploma and 

qualifications to be recognized in another country. 

Accreditation is a process by which a degree, a program can 

receive a certification from a public or private organization. A 

person can also receive an accreditation, coming from a 

professional board for example, for the degree he got or more 

generally his Professional experience. 

The European Association for Education in Electrical and 

Information Engineering (EAEEIE) applied for and has 

successfully won European Union Thematic Network projects 

for the past decade (Init-Mucon, THEIERE, EIE-Surveyor). 

The most recent project was ELLEIEC, Enhancing Lifelong 

Learning for the Electrical and Information Engineering 

Community Enhancing [2]. The ELLEIEC ERASMUS 

thematic network was running from October 2008 to 

September 2011. The consortium was composed of 60 

partners from all around Europe.  The project deals with 

several aspects linked to Lifelong Learning in Electrical and 

Information Engineering in Europe. The project established, 

as the main output, a virtual center for the development of 
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enterprise skills and competencies and investigated and 

reported on the implementation issues and impacts of Lifelong 

Learning on the employability of people over Europe in the 

Electrical and Information Engineering field. The consortium 

was built around a set of work packages or tasks all dedicated 

to implement the ELLEIEC objectives. These Tasks are: 1) 

Project Management, 2) Quality Management, 3) Establish 

virtual center, 4) Implementation issues across EIE, 5) 

Comparative assessment of delivery methods, 6) Evaluation, 7) 

Dissemination, and 8) Exploitation of results. 

The present paper presents the state of advancement of the 

Task 4 “Implementation issues across EIE” [3,4] of the 

ELLEIEC project and specifically the first action described in 

the second section of the paper, which is to study the 

mechanisms available in the various participating countries 

regarding Lifelong Learning. For these purpose two 

questionnaires have been elaborated, one for the “bachelor 

and master” (BM) levels and one for the Doctoral level (PhD). 

The answers for the Doctoral level were analyzed using 

clustering analysis and more precisely hierarchical, in order to 

compare the answers in the European countries and to find 

similarities among them. 

II. MECHANISMS FOR LIFELONG LEARNING   

Various mechanisms can be envisaged for Lifelong 

Learning, once we consider giving the possibility for citizens 

to learn new things and gain credits, to validate competences, 

all their life long.  

Three points should be taken into account: 

 The actual situation of the learner, a) normal 

registered student, b) student with a specific contract, 

c) worker from company 

 The way the courses are organised, a) classical class, 

b) evening and week-end courses, c) intensive 

courses, d) programmes specifically organised for 

people working in companies (suite of intensive 

weeks) e) synchronous e-programmes (programmes 

with tutor, with milestones), f) asynchronous e-

programmes (with or without tutors), g) no organised 

courses (APEL). 

 The type of contract between the learner, the 

company (if any) and the Higher Education 

Institution 

Two questionnaires have been elaborated, one for the 

“bachelor and master” (BM) level and one for the Doctoral 

level (PhD). This paper presents the analysis of the results of 

the questionnaire on the Doctoral studies corresponding to the 

survey devoted to the “Aspects of LLL specific to the doctoral 

level”.  

A. Questionnaire for doctoral studies  

The questionnaire for Doctoral studies is organised by 

taking into account the specificities of the doctoral studies and 

consists of the following seven parts:  

Part 1: Information about the target population. 

Part 2: General information on LLL in your 

country. 

Part 3: Admission process Doctoral students in LLL. 

Part 4: Administrative situation of students in Doctoral 

position. 

Part 5: In the frame of LLL, which of the following are 

mandatory? 

Part 6: LLL Requirement for defence. 

Part 7: Organization of defence. 

The first part is designed to obtain information about the 

target population. The 27 partners that have completed the 

questionnaire represent the following 21 countries: Bulgaria 

(BG), Cyprus (CY), Czech Republic (CZ), Estonia (EE), 

France (FR), Germany (DE), Greece (GR), Hungary (HU), 

Ireland (IE), Italy (IT), Latvia (LV), Lithuania (LT), Malta 

(MT), Norway (NO), Poland (PL), Portugal (PT), Romania 

(RO), Slovakia (SK), Spain (ES), Turkey (TR) and United 

Kingdom (GB). The target population of the questionnaire 

was the ELLEIEC partners, representing almost all European 

countries and other European universities for the countries not 

represented in the project. 

The Part 2 contains the following general questions about 

LLL mechanism: 

Q1. Do national regulations exist?  

Q2. Do you have any official governmental/ 

ministerial policy on LLL? 

Q3. Are the policies of the universities or institutions 

defined? 

Q4. In your country, does the LLL process include the 

following: 

Q4.1.  Accreditation of Prior Learning (APL) 

Q4.2.  Accreditation of Prior Experiential 

Learning (APEL)  

The Part 3 includes the following set of questions about the 

admission process: 

Q0. Is a Diploma of master or equivalence of master 

mandatory? 

Q0.1.  If yes what other (if any) mandatory 

conditions apply 

Q0.1.1. Previous research experience  

Q0.1.2. Specific lectures defined by the 

host institution 

Q0.2.  If no what other mandatory condition will 

suffice (check each that applies) 

Q0.2.1. Previous research experience  

Q0.2.2. Specific lectures defined by the 

host institution 

The Part 4 relates to administrative situations of students in 

Doctoral position and consists of the following questions: 

Q1. Is LLL Doctorate study in your institution in full-

time and/or part-time form 

Q1.1. Full-time 

Q1.2. Part-time 

Q2. How are the LLL Doctoral students considered 

(tick all relevant answers)? 

Q2.1. Student only 

Q2.2. Employees of the University 

Q2.3. Both employees (University/Company) 

Q2.4. Employee of research bodies 
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Q2.5. Employees of a company 

Q2.6. Do you accept LLL students without any 

financial support? (this question relates to 

institutes that impose a financial support 

requirement on regular Doctoral students) 

Q2.7. Existence of international joint degree, co-

supervisor  

The Part 5 aims to find out “in the frame of LLL, which of 

the following are mandatory?” 

Q1. Competence related credits 

Q2. Professional tutorial attendance 

Q3. High level scientific lectures attendance  

The Part 6 relates to LLL requirements for defence and 

consists of the following questions: 

Q1. Is there a difference between LLL and regular 

PhD students?  

If yes: 

Q1.1. Difference in number of publications in 

journals listed in ISI (accepted or published).  

Q1.2. Difference in number of presentations of 

papers at international conference with 

proceedings. 

The Part 7 includes the following set of questions about the 

organization of defence: 

Q1. Is there any difference between LLL and regular 

PhD students? 

Q2. How many reviewers are required for LLL 

student? 

Q3. Existence of a review report before defence 

Q4. Existence of a jury report after the defence 

B. Questionnaire for doctoral studies analysis 

The BM questionnaires have been sent to all the partners of 

the ELLEIEC project, whereas the PhD questionnaires have 

been sent to at least one responsible for doctoral studies per 

country. Some ELLEIEC partners were responsible for this 

purpose to contact people responsible for doctoral studies in 

their institutions. In this paper the questionnaires for doctoral 

studies will be statistically analysed and a cluster method will 

be also used to find correlations between the answers.  

Statistical analysis of the questionnaire for doctoral studies 

shows that 50% of the countries have national regulations on 

Ph.D. level, 64% have any official governmental/ ministerial 

policy on LLL and in 57% the policies of the universities are 

defined. Furthermore, 50% of the countries recognize 

Accreditation of Prior Learning (APL) and only 36% give 

Accreditation of Prior Experiential Learning (APEL). In 64% 

of the countries a Diploma of master or equivalent is 

mandatory for admission in Doctoral studies while previous 

research experience is not necessary in any country. In the 

question “how are the LLL Doctoral students considered?”, in 

64% of the countries considered as student only, in 57% 

employees of the university, in 36% both employees 

(university/company), in 50% employees of research bodies, 

and in 57% as employees of a company. In 57% of the 

country’s LLL Doctoral students are accepted without any 

financial support. Furthermore, in 57% countries there is a 

possibility of international joint degree, or the idea of a co-

supervisor. In 71% of the countries there is no difference 

between LLL and regular PhD students and in 85% there is no 

difference in the defence process. 

III. CLUSTERING   

The cluster analysis or clustering is the classification of 

data objects (patterns) based only on information found in the 

data that describe the objects and their relationships. The goal 

is that the objects within a group (cluster) to be similar (or 

related) to one another and different from (or unrelated to) the 

objects in another group, according to some distance measure 

[5]. Data clustering is a common technique for statistical data 

analysis [6]. The patterns are given in the form of vectors 

containing numerical features that represent some objects or 

events. 

In this study the objective is to discover similarities among 

the 21 countries so each country is a distinct pattern.  The 

feature vector for each country is formed by the answers of 

the questionnaire for doctoral studies consisting of 15 

elements in numerical form.  

Data clustering algorithms can be hierarchical or partitional 

[5]. Hierarchical algorithms find successive clusters using 

previously established clusters, whereas partitional algorithms 

determine all clusters at once. Hierarchical algorithms can be 

agglomerative ("bottom-up") or divisive ("top-down"). 

Agglomerative algorithms begin with each element as a 

separate cluster and merge them into successively larger 

clusters. Divisive algorithms begin with the whole set and 

proceed to divide it into successively smaller clusters. 

Hierarchical clustering may be represented by a two-

dimensional diagram known as dendrogram (Figure 1), which 

illustrates the fusions or divisions made at each successive 

stage of analysis.  

                  
Figure 1: Example of a Dendrogram 

An important step in any clustering is to select a distance 

measure, which will determine how the similarity of two 

elements is calculated.  The most common distance measure, 

which will be used in this paper, is the Euclidean distance. 

The Euclidean distance between feature vectors x and y is 

given by: 

 



n
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1
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In this paper agglomerative hierarchical clustering is 

utilized using the Euclidean distance. An agglomerative 

hierarchical clustering procedure produces a series of 
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partitions of the data, Pn, Pn-1, ....... , P1. The first Pn consists 

of n single objects, the last P1, consists of single group 

containing all n cases. At each particular stage the method 

joins together the two clusters that are closest together (most 

similar).  At the first stage, of course, this amounts to joining 

together the two objects that are closest together, since at the 

initial stage each cluster has one object.   Differences between 

methods arise because of the different ways of defining 

distance (or similarity) between clusters.  

One of the simplest agglomerative hierarchical clustering 

methods is single linkage, also known as the nearest 

neighbour technique. Groups are fused according to the 

distance between their nearest members.  

 

},),,(min{),( QyPxyxdQPd    (Single) 
 

The complete linkage, also called farthest neighbour, 

clustering method is the opposite of single linkage. The 

distance between groups is now defined as the distance 

between their most remote pair of individuals. 

 

},),,(max{),( QyPxyxdQPd     (Complete) 
 

Average linkage clustering is an attempt to compromise 

between the extremes of the single and complete linkage 

algorithms. Here the distance between two clusters is defined 

as the average distances between a point in one cluster and a 

point in the other cluster. 

 

},),,({),( QyPxyxdaverageQPd    (Average) 
 

Ward's hierarchical clustering method minimizes the loss 

associated with each cluster. At each step in the analysis, 

among all pairs of clusters, it merges the pair that produces the 

smallest squared error for the resulting set of clusters, 

resulting in minimum increase in information loss. Ward 

defines information loss in terms of an error squared error 

criterion. The squared error for a cluster is the sum of the 

squared distances in each element from the cluster mean. The 

squared error is thus equal to the total variance of the cluster 

times the number of elements in the cluster.  The squared error 

for a set of clusters is defined to be the sum of squared errors 

for the individual clusters. 
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    (Ward’s) 

 

Each agglomeration occurs at a greater distance between 

clusters than the previous agglomeration, and one can decide 

to stop clustering either when the clusters are too far apart to 

be merged (distance criterion) or when there is a sufficiently 

small number of clusters (number criterion). 

IV. DATA CODING 

The questionnaire contains questions that had to be 

grouped in order to apply the clustering analysis. At the 

beginning of the clustering process we had to select 

appropriate variables for the clustering. In order to convert 

questionnaire data into meaningful categories to facilitate 

analysis, a coding system was necessary to store all possible 

answers and to form the grouping. As a convention, we used 

the code: highest value=2 and lowest value=1. When a subject 

explicitly refused to answer a question is a missing data 

situation and we used the middle value 1.5 for the coding. 

Furthermore, questions that were not applicable to a 

respondent were coded as 0 (zero) and when large segments of 

respondents did not express an opinion the questions were 

excluded because it was difficult to generalize the results to 

the overall respond group.   

The following questions were excluded for the reasons 

indicated below: 

 Part 4, Q 2.6 was not relevant 

 Part 6, Q 1.1 and Q 1.2 generated high proportions of 

“not applicable” response 

When a question had two possible responses yes/no, we 

consider it dichotomous. Table 1 contains the coding system 

for those questions which are Q1, Q2 and Q3 from Part 2; Q1, 

Q2 and Q3 from Part 5; Q1 from Part 6 and Q1, Q3 and Q4 

from Part 7.    

TABLE I 
DATA CODING SYSTEM – DICHOTOMOUS QUESTIONS   

Part 2: Q1, Q2, Q3          

Part 5: Q1, Q2, Q3          

Part 6: Q1                        

Part 7: Q1, Q3, Q4      

yes = 2                                                                    

no = 1                                                                  

refused to answer = 1.5  
 

When a question has to be asked in order to determine 

subsequent questions (contingency or qualifying questions), 

we consider “yes” in all responses as the highest value=2 and 

“no” in all responses as the lowest value=1. Again, “refused to 

answer” gets the middle value 1.5 in our coding system. 

Additionally, in all the other possible “yes/no/refused to 

answer” combinations are assigned numerical values between 

1 and 2. Table 2 contains the coding system for the two-input 

contingency questions which are Q4, Q4.1, Q4.2 from Part 2 

and Q1, Q1.1, Q1.2 from Part 4. 

 TABLE II 

DATA CODING SYSTEM – CONTINGENCY QUESTIONS (TWO INPUTS)   

Part 2: Q4 (Q4.1, Q4.2)                                                 

Part 4: Q1 (Q1.1, Q1.2)                           

yes ,yes=2                                                                

yes, refused to answer=1.8                                 

refused to answer, yes=1.7                               

yes, no=1.6                                                                           

refused to answer, refused to answer =1.5         

no, yes=1.4                                                                      

refused to answer, no=1.3                                     

no, refused to answer=1.2                                    

no, no=1                                                                                  
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The coding system designed for the three-input contingency 

questions, has the same logic as above (two-input).  We 

consider “yes” in all responses as the highest value=2 and 

“no” in all responses as the lowest value=1. Additionally, in 

all the other possible “yes/no/refused to answer” combinations 

are assigned numerical values between 1 and 2.Table 3 

contains the coding system for these contingency questions 

which are Q0, Q1.1, Q1.2, Q2.1, and Q2.2 from Part 3. 

TABLE III 

DATA CODING SYSTEM – CONTINGENCY QUESTIONS (THREE INPUTS)   

Part 3: Q0 (Q1.1, Q1.2, Q2.1, Q2.2)

yes, yes, yes=2                                                                           

yes, refused to answer, refused to answer=1.7                               

yes, no, yes=1.65                                                                       

yes, no, refused to answer=1.55                                             

yes, no, no=1.5                                                                            

refused to answer, whatever=1.45                                         

no, yes, no=1.25                                                                          

no, no, no=1                                                                                   
 
Table 4 contains the coding system for the multiple-choice 

close-ended Q2 (Q2.1, Q2.2, Q2.3, Q2.4, Q2.5, Q2.7) from 

Part 4. The multiple choice close-ended questions are 

questions where the participants are asked to select one or 

more applicable options from a list.  Each response category 

represents separate questions which were coded by creating 

different “yes/no” type variables. The highest value was 

assigned to “employees of research bodies” and the lowest 

value to the “co-supervisor”. The response “both employees 

(university/company)” was considered as part time university 

employee and part time company employee. In order to 

transform multiple inputs to a single input, we add up all of 

the values we had from each respondent. The permitted 

maximum value is 2 and the total quantity would not exceed it.  

TABLE IV 

DATA CODING SYSTEM – MULTIPLE-CHOICE QUESTIONS   

Part 4: Q2                                                                

Q2 = Q2.1+Q2.2+Q2.3+Q2.4+Q2.5+Q2.7

Q2.1 (student only) = 0.05                                                     

Q2.2 (employee of the university) = 0.4                                                      

Q2.3 (both employees [university/company]) = 0.25                                                    

Q2.4 (employees of research bodies) = 1                                                                 

Q2.5 (employees of a company)= 0.1                                                                                                     

Q2.7 (co-supervisor) = 0.01 
 

 
Table 5 contains the coding system for the multiple-choice 

question (single answer) Q2 from Part 7. Multiple-choice 

(only one answer) close-ended questions were coded by 

assigning the following values to the three attributes: one 

review = 1, two reviews = 2 and more than two reviews = 3. 

The response “refused to answer” was considered as a special 

missing data and was assigned the value 0.1 which is near 

zero.  

TABLE V 

DATA CODING SYSTEM – MULTIPLE-CHOICE (SINGLE ANSWER) QUESTIONS   

Part 7: Q2

one review = 1                                                 

two reviews = 2                                             

more reviews = 3                                          

refused to answer = 0.1
 

V. CLUSTERING RESULTS 

Hierarchical clustering was performed on the feature 

vectors of the answers of the questionnaire for doctoral studies 

in order to discover similarities among countries.   

A. All Data Clustering  

In all data clustering the feature vector produced from the 

above data coding for each country consists of 15 elements in 

numerical form. The results of clustering using the complete 

linkage algorithm are shown in Figure 2. 
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Figure 2: Hierarchical clustering, all data, using the complete linkage 

algorithm 

The results of clustering using the Ward’s algorithm are 

shown in Figure 3. 
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Figure 3: Hierarchical clustering, all data, using the Ward’s algorithm 

The results of the different algorithms are similar but not 

exactly the same. They show the formation of four clusters.  
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One cluster includes Norway, Slovakia, Hungary, Malta, 

Romania, Bulgaria, Poland, Spain, Italy and Lithuania, 

another that consists of Czech Republic and France, a third 

that includes Estonia, Latvia, Ireland and Germany and the 

fourth that includes Cyprus, Portugal, Turkey, Greece and 

United Kingdom. 

B. Important Data Clustering  

In order to reduce input complexity, a second clustering 

was performed considering the most important of the 

questions provided by the group of experts. The most 

important questions were from Part 2 Question 1 and Question 

4, from Part 3 Question 0 and Question 1.2, from Part 4 

Question 2 and from Part 6 Question 1.  

The results of important data clustering using the complete 

linkage algorithm are shown in Figure 4. 
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Figure 4: Hierarchical clustering, important data, using the complete linkage 
algorithm 

The results of important data clustering using the Ward’s 

algorithm are shown in Figure 5. 
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Figure 5: Hierarchical clustering, important data, using the Ward’s algorithm 

The results of the different algorithms are similar again but 

not exactly the same. The results of the complete linkage 

algorithm show the form of four clusters. One cluster includes 

Portugal, United Kingdom, Spain, Cyprus, Germany, Turkey 

and Greece, another that consists of Bulgaria, Estonia, Latvia, 

Hungary, Romania, Slovakia and Italy, a third that includes 

Ireland, Poland, Latvia, Norway and Malta and the fourth that 

includes Czech Republic and France. The results of the 

Ward’s algorithm show the form of five clusters. One cluster 

includes Portugal, United Kingdom, Spain and Cyprus, 

another that consists of Germany, Turkey and Greece, another 

that consists of Bulgaria, Estonia, Latvia, Hungary, Romania 

and Italy, a fourth one that includes Ireland, Poland, Latvia, 

Norway, Malta and Slovakia and the fifth one that includes 

Czech Republic and France. 

VI. CONCLUSIONS 

Within the ELLEIEC ERASMUS thematic network, linked 

to Lifelong Learning in Electrical and Information 

Engineering in Europe, the existing and possible interactions 

of Higher Education Institutions and Lifelong Learning is 

investigated.  Two surveys one for the “bachelor and master” 

levels and one for the doctoral studies were carried. The 

survey for the doctoral studies was statistically analysed.  

Furthermore, the doctoral studies survey was investigated 

using clustering analysis and more precisely hierarchical, in 

order to compare the answers in 21 European countries and to 

find similarities among them.  The analysis shows that four 

clusters were formed. One cluster includes Norway, Slovakia, 

Hungary, Malta, Romania, Bulgaria, Poland, Spain, Italy and 

Lithuania, another that consists of Czech Republic and France, 

a third that includes Estonia, Latvia, Ireland and Germany and 

the fourth that includes Cyprus, Portugal, Turkey, Greece and 

United Kingdom. 

The analysis also has taken into account the most important 

questions from the questionnaire and a second cluster analysis 

was conducted for those answers. The results of the complete 

linkage algorithm show the form of four clusters. One cluster 

includes Portugal, United Kingdom, Spain, Cyprus, Germany, 

Turkey and Greece, another that consists of Bulgaria, Estonia, 

Latvia, Hungary, Romania, Slovakia and Italy, a third that 

includes Ireland, Poland, Latvia, Norway and Malta and the 

fourth that includes Czech Republic and France. The results of 

the Ward’s algorithm show the form of five clusters. One 

cluster includes Portugal, United Kingdom, Spain and Cyprus, 

another that consists of Germany, Turkey and Greece, another 

that consists of Bulgaria, Estonia, Latvia, Hungary, Romania 

and Italy, a fourth one that includes Ireland, Poland, Latvia, 

Norway, Malta and Slovakia and the fifth one that includes 

Czech Republic and France. 
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Abstract— The course “Microelectronic assemblies: from 
packaging to reliability” is a week course module within the 
Euro-dots program proposed at the IMS Laboratory, University 
Bordeaux, with lectures illustrated by labs. It takes benefits from 
expertise of different teachers and research teams and also 
technological, failure analysis and characterization platforms. 

Keywords— packaging, microelectronic assembly technique, 
SMT, COB, wire-bonding, solder, reflow, reliability, failure  

I.  INTRODUCTION  
The European EURO-DOTS action (European Doctoral 

Training Support in Micro/Nano-electronics [1]) initiated in 
2010 and lasting until the end of 2014 has the global objective 
to create a delocalized platform to serve the Doctoral Schools 
in Europe in micro/nano-electronics. It helps fulfilling the 
requirements for ECTS credits imposed to PhD students by 
major European universities for obtaining the Doctoral  degree 
in Engineering. The course entitled “Microelectronic 
assemblies: from packaging to reliability” is a one-week- 
course module proposed by the IMS Laboratory, University 
Bordeaux 1 within the Euro-dots program.  

The IMS Laboratory [2] is a more than 400 people 
research unit associated to University of Bordeaux and CNRS. 
It gathers 11 teams distributed in four poles called System and 
interactions, systems integration, hardware integrations and 
from materials to devices. Within these poles, the scientific 
priorities of the IMS-Lab’s researches are the following ones:  

- Modeling and material structuring for realization of 
component and systems ; 

- Modeling, conception, integration and reliability 
analysis of components, circuits and packaging ; 

-  Automatic control, production engineering, signal and 
image processing ; 

- Intelligence and knowledge in human centered 
systems  

The additional strength of the IMS-Lab is the presence 
inside its building of collaborative research labs with the 
THALES PSA, TOTAL AND ST-Microelectronics 
companies. Facilities are also present within the 10000 m2 of 
research areas for technological processes, for failure analyses 
and characterization, for life science and for vehicle of the 

future. Moreover, thanks to 150 researchers, mainly professors 
and associate professors, IMS Labs has privileged relations 
with students coming from universities or engineer schools. 
Some specific teaching can besides be given inside the IMS-
Lab.  

The Euro-dots course presented in this paper benefits from 
expertise of different teachers and research teams and also 
from technological, failure analysis and characterization 
platforms. The PRIMS (Printed Micro-ElectroMechanical 
Systems MEMS), III-V (Evaluation and reliability of high 
frequency technologies) and PACE (Packaging, Assembly and 
Compatibility in Electromagnetics) teams are especially 
involved in this project with the help of engineers from the 
technological platform TAMIS (Alternative Technologies to 
Silicon MIcrosystems) and the characterization platform 
STAND (Systems and Technics for Non-Destructive 
Analysis). The PRIMS team research areas are in organic and 
inorganic MEMS (MicroElectroMechanicalSystems) patterned 
and assembled with alternative technologies.  The applications 
can be chemical sensing, materials characterization, energy 
harvesting... The III-V is working on electrical 
characterization and analysis of AlGaN/GaN HEMTs, 
operational reliability if III-V technologies and methodologies 
for failure analysis and advanced technologies. Lastly, the 
PACE team’s expertise is the prediction, the evaluation, and 
the construction of the reliability of microelectronic 
assemblies and packages in harsh environments. The course 
includes lectures and labs on packaging and assembly 
techniques, in a first part, and their reliability and failure 
analysis, in a second part. 

II. PACKAGING AND ASSEMBLIES TECHNIQUES  
The lecture presents the most popular assembly 

techniques. Three associated labs illustrate some of these 
techniques. Two circuits are assembled by the trainees and 
demonstrations of industrial equipment dedicated to packaging 
are made. The labs are located in IMS clean room (class 
10000 and 100 under hood). 

A. Lecture : Packaging levels and assembly techniques  

The lecture focuses on the first and second packaging 
levels (figure 1). The first packaging level provides 
interconnection directly to the integrated circuit chip. This can 
be made by wire bonding or flip-chip assembly. Wire bonding, 
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the older technology, uses face-up chips with a wire 
connection to each pad. The two basic wire-bonding 
techniques that are used in thermocompression or ultrasonic 
bonding process, ball bonding and wedge bonding, are 
described (figure 2). In contrast, the flip-chip technology 
replacing wire-bonding allows the direct electrical connection 
of face-down (hence, “flipped”) electronic components onto 
substrates, circuit boards, or carriers, by means of conductive 
bumps on the chip bond pads (figure 3) [6-7]. Flip-chip’s 
advantages are emphasized in this course:   

- smallest size eliminating packages and bond wires  
- highest speed electrical performance because 

eliminating bond wires reduces the delaying 
inductance and capacitance of the connection by a 
factor of 10, and shortens the path by a factor of 25 to 
100.  

- greatest input/output connection flexibility because  
flip chip connections can use the whole area of the die. 

- most rugged interconnection method.  
- And lowest cost (below $0.01 per connection). 

 
The different circuit chips are encapsulated inside different 

package types that are described: SO, PLCC, QFP, TAB, 
BGA, CSP, PoP…(figures 4 and 5). The associated packaging 
trends are finally presented (figure 6) mainly influenced by 
electrical and reliability performance.  

The second packaging level allows the assembly of 
different packages on Printed Circuit Board (PCB). The 
lecture focuses mainly on Surface Mount Technology (SMT) 
components assembled by reflow, technique nowadays mostly 
used in industrial processes. This technique is divided in three 
steps: solder’s deposit by screen-printing on electrical pads 
(figure 7), component positioning and finally solder reflow. 
Attention is paid out on the composition of the solder paste 
especially lead-free solder, its wettability and rheological 
properties and notions on metallurgic are given to understand 
the physical-chemical processes occurring during the 
soldering process. Moreover thick film technology used in 
many microelectronic assemblies areas for solder printing, but 
also for glue deposit, conductor, dielectric or resistive printing 
in multilayers ceramic circuits is detailed [10]. 

 
Figure 1: The three packaging levels [3] 

 

 
a) 

 
b) 

 Figure 2: Illustration of wire bonding (a) ball-bonding, 
b) bond-wired chip on a circuit board (Chip On Board 
technology –COB-) [4] 

 

 
Figure 3: Flip-chip technology [5] 

 

 
Figure 4: Surface Mounted Technology –SMT- technology 

[8] 

 

 
Figure 5: BGA-Ball Grid Array (left) and CSP-Chip 

Scaled Package (right) 
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Figure 6: Development trends in assembly technologies [9]  

 

 
Figure 7: Solder deposit on PCB pads 

B. Lab 1: Surface Mounted Components (SMT) and soldering 
process on a single side Printed Circuit Board (PCB)  

In this first Lab, the different report steps of SMT 
components on PCB (second level packaging) are carried out 
thanks to a LED circuit (figure 8). Different types of SMT 
components like 1206 chips, SOT-14, SOT16, SOT-23 have to 
be assembled. The card size (250µm copper track width) and 
components allow manual report, hence showing 
technological difficulties. During this practical, students 
manually deposit the lead-free solder-paste SnAgCu (SAC), 
on the pads under a binocular. Then SMT components are 
reported before the reflow process. Among the different 
reflow methods presented and compared, the condensing 
vapor phase technique is used allowing uniform temperature 
report in an inert atmosphere (figure 9). During this heat 
transfer process, the assembly is first moved to the vapor 
phase being at 230°C. When the assembly dives into the vapor 
phase, it is heated up. Then, the vapor condenses on the 
assembly and transfers its heat. With this method, the 
assembly can be heated up to the maximum temperature that 
equals the temperature of the vapor, here 230°C (Galden 
boiling temperature ®).  No overheating is possible  

 
Figure 8: SMT LED circuit 

 

 

 

 
a) 

 
b) 

Figure 9: a) Principle of vapor phase curing of SnAgCu 
(SAC) solder paste, Treflow = 230°C  and b) equipment 

photograph 

C. Lab 2 : Basics of the first level packaging 

 A power rectifier circuit composed of 4 LED chips of 
dimension 3.3x3.3mm2 (VRRM =150V, IF=12A) is realized 
(figure 10) during this Lab. For this type of power circuit, a 
good heat dissipation substrate and low resistance conductors 
are recommended. The well-known alumina substrate with 
silver based thick-film conductors tracks is used. During this 
practical, diodes are reported with the SAC solder preferred to 
conductive glue because of its lower thermal resistance. The 
SAC solder is deposited automatically by screen-printing 
(figure 11). Then, diodes are reported on the SAC solder 
before the reflow in the vapor-phase equipment. The diodes’ 
anodes are finally bonded: the students perform the wire 
connection with ultrasonic wedge-wedge bonding of 
aluminum wires (250microns diameter). The influence of the 
different parameters:  pressure and ultrasonic energy are 
studied. At the end of the practical, the reliability of the final 
circuit is tested at a power of about 150W.  
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Figure 10: Power rectifier circuit 

 

 
Figure 11 : Stencil for solder (SAC) printing 

D.  Lab 3: Demonstration on industrial equipment 

During this lab, demonstrations of industrial equipment 
dedicated to packaging are made: ball- and wedge –bonding 
(figure 12), flip chip report (figure 13) and screen-printing of 
solder- paste. 

 

a) Bonder equipment (K&S) 

 
b) Wedge-wedge illustration 

 
c) Ball –bonding illustration 

Figure 12: Wire-bonding  

 

 
Figure 13: Flip-chip equipment (JFP Microtechnic) for 

leadless SMT circuit or flip chip assembly 

 

III. LECTURE: RELIABILITY OF MICROELECTRONIC 
PACKAGING AND ASSEMBLIES 

The reliability of embedded electronic systems is a major 
concern among manufacturers of aircraft and automotive 
components and of systems for military or medical 
applications [11].  

The predictive study of reliability of microelectronic 
assemblies is based on the joint use of  

• accelerated aging tests,  
• experimental surveys,  
• computational tools which implement the analytical 

models  
• numerical simulations by FEM (figure 14) 

 
 

 
Figure 14: Example of a PoP (Package on Package) 

assembly studied by a finite element model 

The comprehensive approach of reliability includes 
descriptions of, and links to environmental constraints. It also 
includes knowledge of physical laws governing the failure 
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mechanisms and interpretation of results obtained from these 
data (process called "PoF" Physics of Failure). 

New materials, like high-k gate dielectrics, Cu and low-k 
materials, new device architectures such as multiple gate 
FETs, new technologies such as MEMS, and new packaging 
technologies are introduced. For these new materials, devices 
and technologies the failure mechanisms are still not well 
understood and their speed of introduction exceeds the 
capability to explore their reliability.  

The purpose of the lecture is to give key definitions, key 
methods and key tools to assess the reliability of 
microelectronic devices of today and tomorrow. It is linked 
and illustrated with practical case studies taken from the PhD 
studies of the laboratory team. The lecture is divided into two 
main parts described in the following sections. 

A. Micro and Nano- Electronics Reliability 

 The first part of the lecture is relatively general. In fact, 
embedded electronics can nowadays be found in all possible 
sectors of human life. Some of them necessitate high level of 
reliability, like in medical applications, while working in 
particularly harsh environments. This is the case for ground 
transportation application as automotive or trains, and 
aeronautics and space ones. But harsh environments are also 
found in other industrial sectors, like nuclear plants, 
alternative energy technologies and oil drilling for instance. So 
the lecture starts with a demonstration of the necessity to learn 
about reliability, even for designers or end-users. It provides 
and illustrates the key definitions among which  

• Quality: degree of conformance of a product to the 
applicable specifications, guidelines and workmanship 
criteria. 

•  Reliability: extend to which a product performs its 
intended function under stated conditions during a 
specified period of time 

•  Qualification: includes all activities which ensure that the 
nominal design and the manufacturing will meet or 
exceed the reliability targets. 
 

The challenges are linked to technological evolutions, at the 
chip level (Moore’s law) at the package level (“more than 
Moore’s law) with the reduction of dimensions, leading to 
increased stresses, and the introduction of new materials, 
creating new failure mechanisms.   

For a long time, reliability and qualification have been 
solely treated as statistical data. To predict the reliability of a 
product, probability and statistical tools have to be used. 
Failure is regarded as a random phenomenon. Therefore the 
lecture presents the main reliability and failure functions and 
their application domains. It also presents the qualification 
standards and accelerated tests largely in use in the industry, 
as well as the failure analysis procedures and tools. The labs 
presented in paragraph IV illustrate this part of the lecture.  

If the bathtub curve is first described with the 
mathematical approach, it is then linked to the type of failures 
in order to introduce the physics of failure approach of 
reliability prediction and assessment. The definitions of failure 

mode, failure mechanism and failure site are given, and the 
use of finite element modeling tools is introduced. 

B. Failure Mechanisms of Packaging and Assembly 

The second part of the lecture is focused on the reliability 
of packaging and assemblies, in relationship with the labs. A 
general survey of package types, from dual in line package to 
wafer level package, including staked dies, stacked packages, 
systems in packages, etc. is done with a focus on the 
possibility of drawing general rules permitting to identify, to 
model, and to correct their potential weaknesses. The main 
stressors like temperature, chemical agents, or electrical 
overstresses are correlated to the possible failure mechanisms.  

The study of the reliability of microelectronic assemblies 
is inherently complex due to scale factors and to diversity of 
materials and technologies implemented. An assembly is 
characterized by technological parameters, such as the 
geometry of various components, or physical and chemical 
properties of materials. It has to work in a given environment, 
with a given mission profile and a given operational profile. 
The study of predictive reliability of microelectronics 
assemblies is based on the joint use of accelerated ageing tests, 
field returns and computational tools used to run analytical 
models and numerical simulations by finite elements. Based 
on practical case study, the lecture demonstrates why finite 
element simulation tools are important: they have the triple 
role of refining the analytical results, of calculating some 
parameters of the degradation laws, and of reducing the 
duration of accelerated ageing tests. 

IV. FAILURE ANALYSIS AND REVERSE ENGINEERING 
PRACTICALS  

A. Lab 1: Reverse engineering  

During the lab, students identify by a step by step 
deprocessing, the electrical layout of an integrated circuit. 
Techniques for sample preparation in a failure analysis flow 
are presented and used. From an initial optical view of a die, 
(figure 15), every element of the electrical schematic (figure 
16) is identified.  

* 

Figure 15: Initial optical view of an IC 
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Figure 16: Electrical layout to be identified 

B. Lab 2: Failure analysis on packaging and assemblies  

During this lab, student learn the metallographic cross 
sectioning techniques. Optical observation techniques as well 
as X-ray inspections are practiced (figure 17).  

 
Figure 17: Different images of microelectronic 
assembly defects taken with a nanofocus system 

V. CONCLUSION 
Thanks to one week course proposed at IMS-Lab, PhD 

students acquire knowledge on packaging and assembly 
techniques, with the associated technological trends in 
constant evolution. The failure mechanisms appearing on 
selected packaging and assemblies are also described after 
general definitions on reliability in microelectronics and nano-
electronics.  Labs allow illustrations of the addressed issues in 
lectures. Moreover, during these labs, students working in a 
maximum of three groups of two have the opportunity to 
manipulate high level equipments and tools, to work in clean 
room and to get direct information from the searchers and 
engineers about research topics, organization and jobs. The 
link between education and research is clearly demonstrated 
by this Euro-dot course for PhD students. Parts of the course, 

with special adaptations and sometimes some complements, 
are also proposed at different levels of education, from 
bachelors to masters.  
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Abstract- This paper presents briefly some important aspects of 

energy education in link with renewable energy education in 

Greece and worldwide. How teaching of energy issues is carried 

out at different education levels and the development of 

educational strategies in learning arrangements for students 

have also been made. A brief history of Greek curricula 

development shows the efforts have been made for the 

evolvement of an effective approach for energy education. The 

goals of this emerging discipline are to cultivate energy literacy 

and particularly awareness and attitudes towards sustainability 

and to create formal energy education in a country which has 

considerable potential for renewable energy and its development 

should alleviate the risk from energy related environmental 

problems. 

Keywords-Energy education, Renewable Energy Education, 

teaching sustainable development, Greece, curriculum 

development, energy literacy. 

 

I. INTRODUCTION 

Energy is well established as one of the most 

important ingredients that improve the quality of life, as well 

as that greatly affects economic growth, social development 

and every day’s life. It is expected a substantial increase in 

total consumption, particularly in the use of fossil fuels, as 

showed by BP data, because of the seven billion Earth’s 

population [1], [2].  

The necessary steps in improving energy efficiency 

are energy saving through changes in the behavior and 

awareness of consumers, efficient technologies and usage of 

appropriate renewable energy sources (RES), as substitute for 

fossil fuels [3], [4]. 

Renewable energy appears to be a priority for an 

effective solution for sustainable development and a serious 

alternative for the protection of environment [5]. UNESCO 

[6], UNECE [7] and UNEP [8], state that energy education 

will be a new discipline that both developed and developing 

countries should take into account when they consider their 

energy, environmental and educational policies. Lack of 

structured energy education and sufficient energy knowledge 

is regarded as illiteracy, innumeracy and apathy. Energy 

literacy of society increases the probability of achieving a 

sustainable future [9]. National educational policies require 

changes in their curricula at different educational levels 

including new approaches that will integrate energy and 

environment related concepts, units and activities, and taking 

into account the suggestion that there is a strong link between 

an individual’s level of education attainment and the 

likelihood of his/her adopting energy-thrift measures and 

accepting the encouragement for more rational use of energy 

by interventionist government policies [10]. UNESCO, 

UNECE and UNEP state that education for sustainable 

development, as a concept founded and oriented towards the 

adoption of a new educational project, develops arrangements 

in favor of environment and human beings through reflection 

and development of critical thinking and aims to impart 

knowledge, skills and abilities, positive attitudes toward a 

more prudent use of energy individually, nationally and 

internationally [11], [12]. United Nations Commission on 

Environment Development (UNCED) defined in ‘Agenda 21’ 

the importance of education for sustainable development and 

the crucial role of world’s educators [13]. Educational policies 

should plan contents tailored to the requirements of energy 

literacy and energy related attitudes, values and behaviors. 

Energy-based topics should be included in school curricula to 

improve energy awareness and to develop energy literate 

population [14].  

 
II. ENERGY EDUCATION WORLDWIDE 

 

  Oil crisis of 1973 suddenly predicted the role of 

energy issues in today’s world and the need for energy 

education in both developed and developing countries. The 

global phenomenon of climate change recently contributed to 

be understood the extent that energy topics are correlated with 

various aspects of everyday life. Studies in last two decades 

have shown that it is important for energy education to be 

considered as a new discipline, especially in developing 

countries. Therefore, these studies should be taken into 

account and energy, environment, and educational policies 

should be reoriented towards more effective energy models 

[15], [16].  

The role of energy education is vital because [17]: 

 raises students’ awareness about energy crises; 

 creates students’ awareness about the various types 

of non-renewable and renewable energy sources, 

their existing technologies, their resource potential; 
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 provides students the ability to appreciate the 

consequences of various energy-related  policy 

measures; 

 enables students to  develop new alternative 

strategies towards solving energy-related problems 

and evolving sustainable solutions ; 

 trains students to use energy effectively and make 

them appreciate the consequences of energy use on 

environment; 

 enables students to  develop social and 

environmental aspects to ensure sustainability. 

Energy literacy should be a keystone to public’s 

significant shift towards energy independence and 

sustainability, positive energy related attitudes with respect to 

energy consumption, energy resources and acceptance of 

renewable energy implementation. It is important for 

improving students’ energy literacy to decide on:  

 what energy related topics in curricula should be 

included;  

 which is the behavioral gains for students who 

participate;  

 which is the way energy topics should be taught. 

After 1990, studies on Energy Education reveal an 

incremental trend due to developing technologies but also they 

have shown that energy literacy is relatively low. For instance, 

in the U.S. a 2009 survey study among a random sample of 

1001 American adults indicated confusion about energy-

related knowledge but high concern about energy. This lack of 

knowledge should be the ‘greatest challenge the nation faces 

on energy, greater than the economic or technical problems’ 

[18]. There have been educational efforts focusing on the 

concept of sustainability into academic curricula and 

encompassing aspects of sustainable energy. Higher education 

has gained an increasing importance for renewable energy 

education and universities have tried to offer different 

sustainable energy aspects to the students, focusing on a 

holistic perspective on renewable issues [19]. Recently, 

emphasis on energy attitudes and energy-saving has been 

placed on teachers’ pedagogical methods and students’ 

organized content of knowledge. Serious educational efforts to 

establish energy awareness during formal education should 

take place because children are more open to subjects related 

to ecology and environment than adults, so energy education 

should begin during school education [20]. Furthermore, for 

energy education, it is important the educational method and 

the didactic point of view. Students who participated in 

educational experiences developed critical thinking, a deeper 

understanding of energy topics and adopted positive energy-

related attitudes and behaviors [21]. Effective school-based 

energy education programs should improve energy literacy 

and change energy-related behaviors, not only of the students 

but also of their parents, because energy awareness and 

attitudes are largely formulated during childhood.  

Behaviors of both students and their parents relative 

with energy consumption and energy saving are recorded, 

energy attitudes in different educational levels are defined, 

and the change of these behaviors after receiving energy 

education are stated [22], [23]. Effective energy education 

programs in the public school should target not just content 

knowledge, with broader coverage of topics related to current 

events and practical issues, but should also strive to impact 

students attitudes, beliefs, and values [24].   

Developing countries, in order to bridge the 

increasing gap between their energy  

demand and supply with environmentally efficient and 

economic techniques, should develop an effort for 

incorporation the goals of sustainability in higher education, 

in teaching and in researching energy topics. Universities 

should adopt research challenges and educational activities 

related to sustainability to educate students on renewable 

energy issues, mainly in masters and doctoral level programs 

[25]. The growing interest in renewable energy is largely due 

to the requirement of responsible consumption based on social 

awareness, better use of available resources, creation of 

skilled jobs and promotion of economic growth. These 

renewable energy education demands are promoted in 

institutes of higher education for more effective role both in 

training students for green workforce and in developing 

competencies by using innovative educational practices. 

However, some educational insufficiencies are appeared in 

such institutions and appropriate suggestions are made about 

how to improve the existing situation [26], [27].  

The need for public intervention to promote 

renewable energy use is broadly referred in the literature. 

Public policies have a significant effect on the enhancement of 

renewable energy use [28]. Energy Education, with excellent 

courses, has been focused on developing energy profession, 

equipping renewable energy market development with 

renewable energy training, technical training programs and 

skilled employees able to use issues in the context of 

ecologically sustainable development [31], [19], [29], [30]. 

Some countries, Australia for example, have difficulties in 

adopting renewable energy and its use faces many barriers, 

mainly political economy barriers [32]. Research suggests that 

the relatively slow development of renewable energy 

technologies in the U.S. is due more to a combination of 

social and educational barriers and the lack of public support 

than to technical factors [33], [34]. 

In Europe, students have generally positive attitudes 

towards common renewable energy sources [35]. European 

Commission’s Green Paper on security of EU energy supply 

proposed alternative strategies based on demand management 

with emphasis to energy saving through conservation and to 

development of less polluting energy resources [36]. People 

misconceptions and lack of energy literacy can stand in the 

widespread adoption of such strategies and can affect their 

actions [37]. 

 

III.GREEK ENERGY EDUCATION  

 

Greece has considerable potential for renewable 

energy production, even for exportation to other European 

countries. There can be a wide usage of most forms of 

renewable energy sources that can offer the sole alternative 
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for Greece to cover a significant part of energy needs of the 

country, contributing to the reduction of fossil fuel 

dependence [38]. 

Energy sector and its development are vital for 

Greece. For this purpose, Energy Education and especially 

Renewable Energy Education should have the whole 

population, individuals and communities, as its target 

audience. The specific objectives of Energy Education are to 

develop awareness to the students about renewable sources, to 

cultivate functional values and attitudes and an understanding 

of the consequences of various energy related policies. 

Because energy and concern for environment are closely 

linked, Energy Education and Environmental Education 

should be linked and both should include modules of 

renewable energy sources (RES) [39]. 

From 1974 to 1997, Greek curricula, despite the 

ongoing reforms, remained mainly traditional stable 

structured. These curricula were characterized mainly from 

the dominant role of teachers and the tuition procedure was 

centered on them. There was emphasis especially on the goal 

achievements about knowledge and not to the tuition process. 

Special needs, interests and abilities of the students were 

overlooked. Greek curricula faced problems and weaknesses 

such as unclarified learning goals, memorization of 

knowledge, strict definition of the content of the curriculum, 

inflexible programming of tuition, and limited ability of 

initiative practices from teachers.  

The educational changes that gradually attempted 

during 1997-2003 were aiming to more flexible and dynamic 

curricula and for tuition to have more creative and practical 

usage than to be just only an aggregation of knowledge. This 

would be achieved through participatory and experiential 

procedures. Also, from 2003 till 2006, with the 

implementation of the interdisciplinary context of curriculum 

for compulsory education, it was adopted the interdisciplinary 

approximation of knowledge and was attempted the 

interrelation of different scientific subjects.  This curriculum 

was aiming on the ensuring of the continuation of scientific 

contents throughout the compulsory education, on the 

elimination of knowledge fragmentation, avoidance of 

curriculum overlapping, as also in the creation of a context 

that would ensure greater autonomy to the teacher.  

In 2006 the Pedagogical Institute which develops 

educational policy in Greece introduced a reformed 

interdisciplinary curriculum for compulsory education in 

Greece. It is a structured framework that suggests holistic 

approaches to some kind of topics and links social, scientific 

and environmental subjects [40]. 

Also, the reformed interdisciplinary curriculum 

includes the development of projects, sometimes with 

environmental subjects which link school with society. 

This reform of the Greek curriculum, despite of its 

positive elements, contains a fundamental contradiction. It 

attempts to combine the contents of a rigid curriculum, with 

interdisciplinary approaches which demand a flexible and 

dynamic curriculum. It is not a fully holistically integrated 

curriculum and behind its pedagogic challenges, practical 

obstacles are appeared. Greek teachers have to teach and 

integrate the required by the curriculum scientific content and 

often there is not enough time for other didactic activities. 

However, the main task of the modern school is to help 

students to become critical thinkers and not only well-

informed ones. Greek policymakers should invest more in 

energy education and support teachers to overcome 

educational obstacles developing teachers’ education energy 

programs. 

As far as the tuition of science modules in Greece, 

till recently, it was continued to be conducted in the traditional 

way i.e. blackboard and chalk or at best with the help of some 

demonstration experiments. This was a runoff of the 

corresponding curricula which they were of the traditional 

form, while the context of them was identical with the context 

of the school manual. Exception was the innovative program 

PSSC Physics (1992-1997) in a limited number of high 

schools (245) but the experience and knowledge obtained of 

that lead to new and more dynamic forms of science modules 

curricula for high school. 

The curricula that were elaborated after PSSC 

program are presenting the novel characteristics of the form 

and methodology of education programs that implement at the 

didactic procedure the discovery– inquiry learning methods. 

They are an early effort to overcome the generality and 

unclearness of the goals of all the previous traditional 

curricula.  

The axes of curricula on which the educational goals 

are specified to be developed in all grades, suggest an 

equivalent emergence of the elements: knowledge and 

methodology, cooperation and communication, science and 

everyday life with the interpretative characteristics to be the 

proper for young ages while the positive characteristics are the 

ones that complete the education of sciences. 

In 2011 a pilot curriculum has been introduced at 68 

secondary schools, 99 primary schools and 21 kindergartens 

in Greece [41]. The pilot curriculum is developed from 

kindergarten to secondary school, and for different audiences, 

in such a way that the degree of difficulty and complexity of 

approaching scientific issues is consistent with the age, 

intelligence and emotional development of students. In 

science, it is oriented to reveal the relationships between 

energy, society and environment and intends to provide 

energy education to all students in a satisfactory level of 

knowledge and skills. Its goals and objectives are based on 

constructive, active and inquiry learning. Its educational 

targets are students to identify and investigate environmental 

issues and problems and seek alternative sustainable solutions, 

to raise environmental awareness, values and attitudes and to 

develop energy-related concepts and practices. 

The use of initiatives in schools to promote energy 

awareness and inspire changes in behavior meets with many 

aspects of the formal educational curriculum. Now a couple of 

years after the reform of the Energy Education curriculum,  

lessons and actions have been incorporated in human, social 

and physical sciences and with the scope to inspire young 
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people and influence their wider social community via family 

and friends. There are three general objectives for that: 

1. Identification what society and individuals can 

do; 

2. Raise awareness of energy issues and their 

background; 

3. Explanation of the benefits 

The European Commission is aware of the strategic 

role of energy education for improving energy efficiency in 

Europe and supports many European projects. Excellent 

examples of this approach are projects, i.e. one developed in 

the framework of the Altener programme, an EU-funded 

initiative for the promotion of renewable energy sources. The 

project was called ‘Force for energy by children’ and was 

undertaken in nine European regions. 

The evidence that an education programme for 

children focused on energy awareness can have a significant 

effect in their households is given by the Centre for 

Sustainable Energy, a UK organization with its programme 

‘Energy matters– energy education hitting home’ which was 

developed in London and delivered across the UK. The 

initiative provided education materials, with training and 

support, for teachers through local energy educators [42].  

The actions and the effect of similar programmes 

which are in progress in Greek education and the national 

policy in the areas of energy and environment are supported 

by CRES (Center of Renewable Energy Sources). This 

educational activity of CRES began in late 1990s and held a 

series of programs related to education at the fundamentals of 

RES scientists of various disciplines (initiatives ENERGY and 

EUROFORM). Since early 1991 it has become a major effort 

to ensure that educational programs designed to be structured, 

with lines of action and then always in accordance with the 

financial capabilities (which are related to the available 

national and community programs) [43]. 

Targeted actions to facilitate energy practices related to 

energy know-how in order to encourage energy awareness 

have been undertaken from various organizations. Regional 

Energy Center of Crete in Greece provides an educational 

program for teachers and students to acquire consciousness 

and achievements of renewable energy sources (RES), rational 

use of energy and mobility [44]. Many environmental 

education centers of Greece include activities and educational 

materials for energy and for the environment. Greek schools 

have taken part in the European competition U4Energy and 

gained awards. The competition took place in 30 European 

countries under the auspices of the European Commission and 

attended schools that submitted proposals for the intelligent 

use and conservation of energy. Candidate schools competed 

in three categories: for taking the best energy-saving measures 

in schools for the best teaching practices and the best school 

campaigns. The National Contact Point U4Energy in Greece 

(University of Patra) has called the official institutions of 

education to adopt policies in order to be developed wider 

dissemination of such initiatives in the Greek educational 

system[45]. 

 

 

IV. CONCLUSION 

 

The main objective in the energy sector of Greece is 

to face the increasing demand of energy in accordance with 

the economic development targets, taking into account the 

protection of environment. The use of the renewable energy 

resources for electricity production purposes is important and 

the share of renewable energy resources in electricity 

production is increasing in Greece Schools will be the 

keystone in preparing, empowering and encouraging students 

to assume responsibility for creating and enjoying a 

sustainable future. This paper studies what would be the 

objectives of ‘energy education’, who would receive such 

courses, and what methods might be used. 
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Abstract— Cybernetic Education Centre (CEDUC) integrates (1) 
the e-learning system Moodle, which primary provides the linear 
delivery of knowledge content managed by teacher as well as 
collaborative e-learning modules, (2) distributed real, virtual, 
simulation models as a support for e-learning to give student 
interactive feedback within the learning process and (3) the 
Assessment module realized in the in the Learning Management 
System (LMS) Moodle.  
The e-learning in Department of Cybernetics and Artificial 
Intelligence is not full online learning system, but all subjects are 
implemented as blended learning combining classical face-to-face 
learning with e-learning. 
This paper deals with remote access to controlled models in the 
laboratories of our department, (a) real laboratory models, (b) 
simulation models and (c) virtual models, whose implement 
many technologies from world leaders in area of automation and 
can not be implemented natively as Moodle modules. Remote 
student access to control process of these models is conditional, 
depending on their assessment results. The paper presents 
methodology of design of blended learning using remote control 
of models, in are of Cybernetic and Automation, implemented in 
CEDUC. 
 
Keywords— cybernetics, e-learning, blended learning, Moodle, 
virtual models, CEDUC, distributed control system. 

I. INTRODUCTION 

Education is a purposeful process of sharing and obtaining 
of scientific and technical knowledge, intellectual and 
practical experience and of creating of moral features and 
specific attitudes. It is also the process of creating 
personalities, individualization of social consciousness and 
therefore part of socialization. The process of learning is a 
part of everyone's life. E-learning has been created decades 
ago, but nowadays becomes very implemented, regardless the 
level or branch of study. Especially the area of Electrical and 
Information Engineering is very specific, regarding the level 
of e-learning implementation. We consider e-learning as a 
support of traditional face-to-face learning, not a replacement 
of tradition learning, and as a shared communication medium 
for knowledge development and exchange. After many years 
of development of remote control of technological processes, 
designing and programming of virtual models, controlling of 
real models from side of web clients we discovered, that "real 
steel is real steel". This kind of real experience can not be 
replaced by anything virtual, moreover students are seeking 

for the opportunities to work on the real models in the 
laboratories. The comparison remote, virtual and real-time 
automation laboratories is in [1,3,4].  

Successful study results on the simulation, virtual or remote 
models in CEDUC are considered a prerequisite to work with 
real model. Following chapters will describe our e-learning 
model with integration of remote control of technological 
processes within Distributed Control System (DCS) at 
Department of Cybernetics and Artificial Intelligence, 
Technical university of Kosice, Slovakia. 

II. E-LEARNING DEFINITIONS 

There are many definitions of e-learning in the literature: 
 
Definition 1 [11]: E-Learning is defined as all forms of 

electronic supported learning and teaching, which are 
procedural in character and aim to effect the construction of 
knowledge with reference to individual experience, practice 
and knowledge of the learner. Information and communication 
systems, whether networked or not, serve as specific media to 
implement the learning process. 

 
Definition 2 [2]: E-learning refers to the use of electronic 

media and information and communication technologies (ICT) 
in education. E-learning is broadly inclusive of all forms of 
educational technology in learning and teaching. E-learning is 
inclusive of, and is broadly synonymous with multimedia 
learning, technology-enhanced learning (TEL), computer-
based instruction (CBI), computer-based training (CBT), 
computer-assisted instruction or computer-aided instruction 
(CAI), internet-based training (IBT), web-based training 
(WBT), online education, virtual education, virtual learning 
environments (VLE) (which are also called learning 
platforms), m-learning, and digital educational collaboration. 
These alternative names emphasize a particular aspect, 
component or delivery method.  

 
Bates and Poole and the OECD suggested that different 

types or forms of e-learning can be considered as a E-learning 
continuum, where they defined scale for computer 
implementation in learning process: 

1. No use of computers and/or Internet. 
2. Classroom aids (PowerPoint slides available for 

students). 
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3. Laptop programs (students have to bring laptops 
to face-to-face class). 

4. Hybrid learning (classroom time is reduced, but 
not eliminated, in this case more time is given to 
e-learning than to classical face-to-face learning). 

5. Full online learning (distance learning). 
Points 2, 3 and 4 are forms of blended learning 

(combination of face-to-face learning and e-learning) and 
points 4 and 5 represent form of distributed learning (a multi-
media method of instructional delivery that includes a mix of 
web-based instruction, streaming video conferencing, face-to-
face classroom time, distance learning through television or 
video, or other combinations of electronic and traditional 
educational models). 

 
From place point of view, e-learning can be situated in or 

out of classroom.  
Regarding the time point of view, e-learning process can be 

defined as: 
a) asynchronous (can be applied at different times to 

different students, who can choose the pace and 
method of receiving information, but can not react 
with each other in real time. Examples include 
printed manuals and books, Audio / Video, or e-
learning courses), 

b) synchronous (taken in real time, where all 
participants receive simultaneously transmitted 
experience and can react with each other. 
Examples include teaching in the classroom, 
where all participants, including the teacher is at 
the same time and place, or virtual classes where 
participants can meet at the same time and react, 
even though they are in different locations.). 

 
The standards defined for e-learning process are presently 

as follows: 
 E-learning 1.0 is considered the first generation of 

e-learning, which is realized by classical sites, 
mostly followed the traditional course used in the 
lessons, which was transformed into electronic 
form. The course was conducted over a typical 
LMS. 

 E-learning 2.0 uses the latest Web 2.0 approaches, 
especially collaborative elements, taking into 
account the pedagogical and didactical principles. 
In the environment under specialist supervision 
allows to create and increase the collective 
intelligence of a group of users. 

III. LEARNING MANAGEMENT SYSTEMS (LMS) 

Learning Management System (LMS) is a education 
information system, designed for administration and 
organization of education within e-learning. LMS are 
applications those integrate different online tools for 
communication and study management as well as provide 
study materials or learning content to students. There are 
many LMS applications available - from the simple ones 

through various of academic LMS to large and complex 
commercial applications.   

Following LMS functionalities should be presently the 
standard: 

 user registration and management (management of 
user roles and access rights), 

 management of calendar system and internal 
events, 

 creation and management of course catalogue and 
study planes, 

 repository of learning content for reusability of 
learning content purposes, 

 modules for testing and examining of students, 
 registration of students results, 
 tools for synchronous and asynchronous 

communication, 
 features for collecting, exchanging and sharing of 

information and knowledge, 
 monitoring and reporting of users learning 

activities. 

A. Description of chosen LMS Moodle 

There is large number of LMS supporting e-learning and 
blended learning nowadays available on the market. Most of 
them use the open source licenses. The most used LMS are 
Moodle, Atutor, Sakai, Dokeos and Claroline.  

From mentioned LMS we chosed LMS Moodle. The main 
reasons were: 1) university support of Moodle, 2) universtity 
administration of the server, where Moodle is installed as well 
as 3) integration of our courses in LMS generally accepted by 
students and teachers. 

Moodle is a software package for creation of learning 
systems and electronic courses on the Internet. It is developed 
as a tool supporting the e-learning 2.0.  Moodle developer 
community is supported by MoodlePtyLtd company located in 
the Australian city Perth. LMS Moodle has GPL licence as 
well commercial. The system is multiplatform, where 
database platform is MySQL, or PostgresSQL using Apache 
Web server, on the application level. 

B. Description of used LMS Moodle modules  

Each Moodle course consists of a series of students 
activities  (for example, reading study materials, 
brainstorming, individual written work, etc.). Moodle module 
board is intended to support these activities. Examples include 
study materials, discussion forums, chat, written works and 
many others. 

We extended standard Moodle modules by following 
additional modules: 

1. Module attendance records (Attendance module): 
The module is designed for teachers to record the 
attendance of students but also use it to track their 
students missed hours. The trWeainer can check 
the status of the student as "Present", "Late", 
"Apologized", "Missing". A description of the 
status can be changed and can also be further 
added, it is also possible points different statuses. 
The lector also creates a time-limited period during 
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which the attendance sheet to create. In these 
letters, then teacher writes predefined status of 
students. The module also provides a report of all 
students enrolled in a course tutor who can clearly 
view. The student is able to follow only its own 
report attendance. 

2. Openmeetings module: OpenMeetings is a free 
software designed realized as thin client for web 
browsers, allowing presentation, online training, 
web conferencing, collaborative work on a 
whiteboard and document sharing. The product is 
built on OpenLaszlo RIA framework and Red5 
media server. To communicate using a microphone 
or webcam, lets also share screen or record 
meetings. It is available as a hosted service, or you 
can download and install the entire package to the 
server, without limiting the functionality or 
number of users. Communication takes place in the 
meeting rooms, which are provided for various 
communication and security parameters and 
parameters of image quality. This module 
represents the collaborative communication 
element that could replace the actual lecture, in 
which students would no longer be a teacher did 
not participate directly physically. 

3. Scheduler module: The Module is designed to 
schedule meetings with students. Allows teacher to 
specify the time and duration of periods during 
which students can participate in consultations. 
Students then sign up to the individual timeslots as 
needed. The module also allows you to record 
attendance. The trainer can also individually assign 
specific timeslots which students can choose. 

4. Checklist module: This module allows the trainer 
to create a check list (task list) of students. The 
teacher can monitor progress of students and check 
off items in the list, creating feedback to students. 
Items can be indented and marked as optional. 
Progress of students is displayed graphically in 
form of simple bars, regarding progress through 
the required/optional items. 

5. Grade/CPN module: Grade/CPN is a tool for 
automatically grading several student assignments 
using CPN Tools. The tool allows teachers to 
create a generic base model with an interface 
intended to be filled out by students. Students fill 
in the missing parts and this can be tested against a 
formal specification and other formal requirements 
and assigned scores based on a configuration set up 
by the teacher. Grade/CPN provides an overview 
of the overall scores of all students as well as 
individual reports for each student with scores and 
reasons for each score. 

IV. E-LEARNING AND DCS INTEGRATION IN CEDUC  

C. Description of E-learning architecture 

To design the e-learning system for some specialized study 
subjects in area of Cybernetics or Automation, means to 
integrate not only lectures, but exercises as well. Within 
CEDUC, we decided to integrate LMS system Moodle with 
remote access to real models, as well as access to virtual and 
simulation models. Mentioned (a) real, (b) simulation and (c) 
virtual models implement many heterogeneous technologies 
and protocols those cannot be implemented natively as 
Moodle modules. 

There are 14 real technological working places and 4 
virtual technological processes at DCAI, as shown on Fig. 1. 
simulation models are realized through Matlab simulation or 
through a model simulated in PLC controllers, where control 
data are only simulated and simulated data cell values are 
acquired by supervisory and database applications. Next the 
virtual models are implemented in the Distributed Control 
System (DCS) web portals as multiuser access VRML 
applications interconnected with real control systems (PLC). 
Advantage of simulation and virtual models is that they enable 
multiuser access. On the other side real models do not enable 
multiuser access, but very good property of the remote models 
is, that they are connected to the real systems, so learners have 
real feedback (not virtual). Remote control of systems is 
practiced in two access roles, an operator role and a control 
engineer role. Learner in the operator role can set up the 
action value in the manual operation mode on which base 
learner identifies the system. Further learner in the operator 
role can change the reference value (set point) of controlled 
model and to monitor the behavior of designed control 
algorithms. If the learner chooses the control engineer role, he 
or she can set up the regulation constants and other parameters 
of control algorithms of the controller. The level of direct 
setting of regulation constants differs from model to model. 
But in general the systems whose are controlled by PLC 
controllers have allowed setting of the regulation constants 
directly from e-learning portal. In case of simulation models, 
learner in the operator role can either select from preset 
regulation constants and consequently to observe system in 
graph representation of step response or to select the method 
of controller constants setting which will automatically 
calculate the regulation constants of the PID controller. 

Monitoring and controlling of learner's study steps is 
realized by Coloured Petri Net model.  

D. Study subjects implemented within the DCS e-learning 

Following study subjects oriented to control of 
technological processes or to data acquisition of technological 
data into higher levels of DCS are using the e-learning module 
shown on Fig. 1: 

 Bachelor study: 
o Control and Visualization Systems. 
o Control of Technological Processes. 
 Engineering study 
o Information Systems of Business Processes 
o Intelligent Control Networks 
o Distributed Control Systems 
o Computer Systems in Control 
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Fig. 1  Blended learning concept in CEDUC 

 
 

Fig. 2  Example of CEDUC labs of Traverse system model. 
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Fig. 3  Example of e-learning lectures within the LMS Moodle part of CEDUC. 

 

E. DCS e-learning modules 

The chosen modules, whose have been implemented within 
the study subject management and lectures of subjects 
mentioned in section D of Chapter IV are: Study materials, 
Books, Description, URL, Polls, Forums, Chat, Tests, Tasks, 
openMeeting, Attendance module, Scheduler module and 
Checklist module. All modules have been selected for their 
specific properties that maximize the efficiency e-learning 
process. By this way lectures are fully implemented within the 
LMS Moodle. 

The exercises and labs are connecting to following servers: 

1. Wonderware Information Server [5,9], where are 
located modules: Model Tutorials (Model 
Description, Supervisory Control, Alarms and 
History, Exercise and Test), Supervisory Control and 
Alarms. Example of Wonderware Information Server 
Tutorial is shown on Fig. 2. 

2. Matlab Web Server [10, 12], where simulation 
models are located 

3. Virtual Model Server [13], where virtual models are 
located. 

In-class exercises are conditioned by e-learnig study and by 
Master score of 70% in the e-learning labs. Online chats and 
video conferences, at this moment realized in test version, are 
realized by openMeeting module. In the future we would like 
to replace some exercises by openMeeting video conferences. 

V. CONCLUSIONS 

CEDUC integrates all information resources, from 
resources those already had been created to new resources - 
Moodle, classical web, Wonderware information server, 
Matlab web server, virtual models, remote control of 
technological processes and references with description of 
laboratiories and their appliances. The great advantage of 
CEDUC is its real or virtual feedback and possibility of 
remote control of real, simulated and virtual technological 
processes, where large case studies are located. Moreover, the 
models are not isolated, all off them are integrated into 
distributed control system, where students can learn 
methodology of design of such a systems, interconnection 
between subsystems in horizontal direction (exchange of data 
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between subsystems) as well as in vertical direction (data 
acquisition to higher levels and remote control of systems in 
opposite direction). Our goal was to model and simulate real 
information and control systems with newest technologies and 
commercial applications to prepare students for their future 
professions. Students understood, by using CEDUC, the 
complexity of distributed control systems and started to think 
more systematically and globally, with view of global system. 
We will continue with system improvement of the education 
methodology in the new project Trainsystem. 
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Abstract — With the development of the modern 

telecommunication systems and networks many new options for 
providing education services have emerged. A general world-
wide trend is the development of distance learning sites and 
virtual laboratories, which are providing state-of-the-art 
education in all possible areas and are coexisting with the 
available on-site and in-person courses and subjects. In the 
Internet-oriented 21st century many university students have 
turned to and prefer these electronic and virtual educational 
resources, not only as additional learning options, but also as 
primary means for obtaining the latest educational materials by 
the leading university lecturers worldwide. 

This process has presented one of the major challenges for the 
available virtual learning environments – how to make it possible 
for the students to access, use and work with real equipment. In 
this paper we present our vision for a virtual laboratory which 
will provide the possibility for the students to access remotely 
and in real time the available laboratory set of 
telecommunication devices.  

In the Introduction section of the paper we analyze the 
advantages and disadvantages of the available virtual learning 
environments. In the next Section we introduce the general 
conceptual model of the planned laboratory and later we present 
the actual structure and the organizational requirements for its 
implementation. The paper continues with a Section, which 
presents the created virtual laboratory and its capabilities, and is 
finalized by the Conclusions and References sections. 

Keywords — ICT in education, virtual learning 
environments, virtual laboratory, remote access to real devices 

I. INTRODUCTION 

Following the emergence of the Internet in the early 1990s, 
many new tools and products have been developed to fully 
exploit its benefits. Since the mid-1990s the education 
community has witnessed the appearance of software products 
labeled Virtual Learning Environments (VLEs) that aim to 
support learning and teaching activities across the Internet [1]. 
Many educators want to take advantage of the benefits offered 
by the Internet to support their teaching activities. However, 

creating Internet resources that are stimulating, appealing, 
easy to use and educationally sound is time consuming and 
requires considerable expertise. VLEs allow educators to 
create resources quickly and without the need to develop 
technical skills. Typically web-based, VLEs provide an 
integrated set of Internet tools, which enable easy upload of 
materials and offer a consistent look and feel that can be 
customized by the user [2]. 

There are many ways of using VLEs, ranging from simple 
uses of a limited range of tools, to support for face-to-face 
courses, through to entirely online courses that make 
sophisticated use of a wide range of the VLE's facilities [3]. 
The diagram below (Fig. 1) gives some examples of how 
VLEs can be used, and shows the possible range in their levels 
of sophistication. These uses can of course be combined in as 
many ways as appropriate to local needs. You might start 
using just one or two of the features of the VLE, then develop 
in sophistication as you become familiar with the system and 
what it can do. 

 
Fig. 1 VLE's levels of sophistication 
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As with any technology used in teaching and learning, 
VLEs have no intrinsic educational value in themselves. The 
way in which online courses and online activities are designed 
and delivered can add value and increase effectiveness. 

II. CONCEPTUAL MODEL OF A VLE WITH REMOTE ACCESS TO 
REAL TELECOMMUNICATION DEVICES 

Electronic learning or e-learning is a term, which is most 
commonly used to describe the process of delivery of 
educational content using modern multimedia systems or 
other digital technologies. In the recent years several 
platforms have emerged and are providing a wide range of 
functions and options for e-learning. The most complex VLEs 
involve the use of the so called virtual laboratories or virtual 
labs (VL) [4]. This type of education and content delivery 
systems are applicable for many engineering subjects. Every 
VL is based on software products, like simulators, emulators, 
demonstration tools and systems for remote access to real 
equipment [4, 5]. In this way, these types of education 
platforms are providing not only access to theoretical 
materials and lectures, but are also enabling remote hand-on 
access to technology and devices. These platforms are also 
solving some of the “remote access to devices” issues of the e-
learning and are allowing the educators to develop new 
learning materials and demonstration products, which can 
provide new perspectives of the taught materials and 
specialized systems for the students. Many of the virtual labs 
in the engineering education are realized using remote Internet 
access to the real devices [5, 6].  

These VLs are used mainly as means to provide access to 
specialized devices, which are not that common to find and 
work with. Another reason to use VLs is when the remotely 
accessed devices are very expensive or when the access to 

them is restricted due to security or other reasons. In these 
cases the VLs can be considered as a complex modular 
platform, that provides the necessary technical, programing 
and methodical means for remote automated laboratory and 
experimental study on given physical objects.  

To develop a VLE, that will provide only digital 
educational materials is a simple task. The process of 
developing a specialized VL is far more sophisticated, and 
based on the subject area could involve the solving of many 
specific issues and problems [7]. Fig. 2 presents a conceptual 
model of a virtual learning environment for education and 
content delivery in the area of the telecommunication systems. 
Based on this specific subject area the following 
characteristics of the VL can be defined: 

 
• The VL must be developed using software products 

and libraries with open code;  
• The VL must be operational on various computer 

systems and must be OS independent. This can be 
achieved using platform independent technologies and 
software languages; 

• The VL must provide scalability and should be easily 
upgradable; 

• The VL shouldn’t require additional system resources 
and should use widely available technologies; 

• A friendly and easy to use graphic user interface 
should be provided to the users of the VL; 

• The VL should not require the end user to install or 
modify any software; 

• The VL should be designed in such way, that at a given 
moment of time only the scheduled devices are 
powered and available for remote access 

 
Fig. 2 Conceptual model of a VLE for education and content delivery in the area of the telecommunication systems
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Analyzing the abovementioned characteristics and the 
defined subject area, the main challenge when developing the 
VL would be the system, which will have to provide remote 
access to the specialized network devices and the formation of 
the required network topologies. 

III. PHYSICAL AND LOGICAL SYSTEM TOPOLOGY 

The topology from Fig. 3 has been specially developed to 
allow remote access to the laboratory equipment for the 
distance learning students. This topology corresponds to the 
requirements of the specific educational material in the area of 
the switching and routing processes in the modern 
telecommunication networks. The network defined by the 
topology consists of three Cisco 2610 routers, three Cisco 
Catalyst 2950 switches and several end user terminals. For 
this network to be fully operational it is necessary to have 
some additional devices. These devices are not “visible” to the 
network users, but are actually the back-end service devices, 
that make the remote access to the regular topology devices 
possible. 
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Fig. 3 Logical system topology 

Since the students would often perform different exercises 
remotely, based on the specific topologies and tasks, some of 
the links between the devices would have to be removed. This 
requires the system topology to be dynamic and adaptable. 
There are two ways of achieving this – by having 24/7 
personal support, like network administrators that would 
manage and administer the devices or to have a fully 
automated system. In our case, when the student selects any of 
the exercises, the service devices will reconfigure the VLAN 
networks automatically and the Cisco 3660 WAN switch will 
provide the physical connectivity between the serial interfaces 
of the routers (Fig.4). In this way the lecturers also have the 
possibility to edit all of the available exercises and even add 
new ones, which is done by redefining the virtual connections 
between the devices.  

Due to the specifics of the exercises the users will have to 
have full access to the laboratory devices. This is 
accomplished with the help of two Cisco 2511 terminal 
servers. These servers emulate all console connections 
between the users and the network devices. In this way the 
users are basically establishing an SSHv2 session to the 

terminal server, which is converting it to a console connection 
to the requested network device form the topology.  

The main advantage of this method is the fact that the users 
can monitor the initial booting processes of the devices, 
something that is impossible to do when the standard methods 
for remote access are used. Both terminal servers provide a 
total of 32 console ports. For one complete topology, like the 
one shown on Fig. 3, a total of 6 console ports are required. 
This means that the presented VL can support 5 independent 
device pods and thus is granting simultaneous access to 5 
independent users. 

Due to the fact that the system will be used based on a 
predetermined schedule, at a given moment of time the 
devices from the unused pods could be powered down. When 
an exercise is selected by a user, the high end user software of 
the VL generates control signals and sends them to the Perle 
remote power supply, which is used for remote power control 
of the devices, and it powers the necessary pod of devices. 

The users of the VL have full access to the file system of 
the devices. To avoid the possibility of accidental deletion of 
the operation system of any of the devices, by an 
inexperienced user, a modification to the boot system has been 
performed. With this modification every time a device is 
restarted it will download its own OS and an initial 
configuration file from a TFTP server. This server is normally 
transparent to the users of the VL, but can be used by them to 
save the configuration file of the currently accessed device in 
a folder, specially designated for this purpose. 

To allow the students to perform tests during the exercises 
it is necessary to have in the topology a number of 
interconnected and accessible user terminals. In order to 
decrease the number of hardware devices for the VL and to 
optimize the costs of the whole platform we have devised to 
use the available methods for virtualization of the end user 
terminals. For this purpose we use a Virtual Host Server, 
which is connected by 802.1Q line to the service devices. 
Different access levels to the user terminals could be provided 
to the students, based on the virtualization software used. It is 
recommended that the users have full access to software 
products from the application layer of the OSI reference 
model, so that they can perform various tests during the 
exercises. 
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Fig. 4 Complete network topology 
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IV. SOFTWARE COMPONENTS OF THE VIRTUAL LABORATORY 
The software part of the virtual laboratory is realized 

through a custom made software application, which is based 
on the high level programing language Java and is using 
MySQL for database management. By having these 
components interacting with each other we can achieve the 
necessary for the virtual lab functionality [7, 8]. In this way 
the devices and the rest of the systems can be accessed using 
any available web browser and the interaction is achieved 
using Java applets. This is guaranteeing high level of mobility 
and is making the virtual lab independent of the architecture 
of the local computer, as well as its operation system and the 
rest of the user software on it [9]. The only requirements the 
system is having are access to Internet and the latest version 
of the Java Runtime Environment. 

Any interaction with the users of the system is performed 
by the graphic user interface (GUI) of the application, which 
is basically a Java applet. Upon execution of the software, the 
GUI is taking 50% of the screen height and width. The 
graphic components of the application are with adaptive size, 
which allows the user to resize the window. For drawing and 
animation of the graphic components the Swing library is 
being used. This library allows the creation of device 
independent interfaces and will provide the same look of the 
application on different OS and end user computers. The 
relation model of the application database contains – a table 
for the user data, a separate table for every of the exercises 
and a table with the administrators data. The database model 
is presented on Fig. 5. 

In the Students table the primary key field is the 
FacultyNumber field, due to the fact that this number is 
unique for every student. This field basically contains only 

numbers, but here it is of type varchar, so that the numbers 
starting with the digit 0 are properly visualized. The maximum 
length of the data in this field is 5 characters. Unlike 
FacultyNumber, the fields FirstName, LastName and Email 
are used for storing of varchar2 data. In this way the memory 
is dynamically reserved for the number of characters used, and 
not for the number of characters defined by the field. 

In the tables, which are used for storing the data of the 
conducted exercises, the primary key is again FacultyNumber. 
In this way the table Students is linked with the table 
Exercise(N) and we can obtain data about any student and its 
success rate. The DateTaken field contains data about the date 
and time, when the result of the exercise has been submitted 
by the student. The format of the date and time event is 
YYYY-MM-DD HH-MM-SS. The field Score is used for 
recording the success rate of the students in percent. This field 
is of type tinyint, which consumes fewer resources compared 
to the int type. 

The developed application consists of two major parts: 
 
• Administration part – the access to this part is granted 

based on the data from the Administrators table of the 
database. The field that is used for entering the password is 
of type jPasswordField, which allows the user to enter the 
plaintext password, while only dots are displayed on the 
screen. After successful entry of the username and 
password, the lecturer gains access to the main tabs. These 
tabs provide various statistics, as well as the possibility to 
add new students to the system or edit and delete the 
available information. This interface is developed using a 
jTabbedPane, and every of the above-mentioned functions 
is provided in a separate tab. (Fig. 6) 

 

 
Fig. 5 Database relation model of the developed software application for the VL 
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Fig. 6 The main tabs in the Administration part of the developed software for the VL 

 
o The Statistics tab – Used for visualization of the various 

system statistics. There are separate statistics for every 
student and for every exercise. 

o The Add new student data tab – Used when the lecturer 
wishes to add new student. All of the information about 
the student needs to be correctly entered. The field for 
the faculty number can contain only 5 characters, which 
have to be the digits between 0 and 9. Once the 
information about the student has been entered the user 
has to press the Submit button. This causes the 
application to create an SQL query and to initialize the 
connection to the MySQL server. If the query is 
executed successfully, the user is informed by an e-mail 
on the e-mail address he has provided. This functionality 
is accomplished using an additional Java library. This e-
mail is send by a service e-mail client and contains the 
information necessary to log in into the system. This 
information includes the username and password of the 
user, as well as a link to the Virtual laboratory Website. 

o The Edit/Delete student data tab – upon entry of the 
faculty number of the student all data about him/her is 
visualized in entry fields, which allows the user to 
change the entered information. With exception of the 
FacultyNumber filed all other fields are editable. The 
Delete data button removes all data about the student 
from all tables. Upon successful edition or deletion of 
the information, the student is informed by e-mail 
containing the edited data or a message that informs 
him/her that the account has been deleted. 

 
• User part – The access to this part of the application is 

performed using comparison with the data about the 
students from the Students table of the database. Similar to 
the Administration part, in the User part the field for 
entering of the password is again of type jPasswordField. 
Once the user has successfully entered his username and 
password he gains access to the main user interface. This 
interface contains a jTextTree field, which contains a tree 
shaped structure of menus. They are used for accessing the 
theoretical lectures about the exercises and the actual 
exercises. The text material is provided by a jTextArea 
field. Due to the fact that the students are working with 
real telecommunication devices it is important to note that 
the users can start an exercise only if they have previously 
scheduled on which date and at what time they will do so. 
This has to be done for every exercise and is available as 
an option from the exercise screen. The process is 
performed automatically by the system, which is providing 
to the user a list of available dates and times. This list 
contains only dates and times that are currently 

unoccupied by other users. Every user can schedule the 
devices for one astronomical hour. Once the user has 
selected the date and time to perform the exercise, the 
system creates a SQL query. This query adds to the table 
for the corresponding exercise the faculty number of the 
student and the date and time he/she has selected. The 
Score field is filled when the exercise is submitted and 
evaluated. 

 
A panel that is normally hidden contains the interface for 

the actual exercises. This panel becomes visible to the user 
only during the scheduled time. This is accomplished by 
comparing the DateTaken field in the table of the 
corresponding exercise. If the current date and time is within 
one hour of the scheduled date and time and the faculty 
number of the student matches the faculty number recorded in 
the FacultyNumber field of the table of the exercise then the 
user has the right to access the remote devices. In this case the 
main user interface disappears and the exercise interface 
appears. This interface consists of several fields – one 
containing the tasks, which the students have to complete, one 
that contains a graphical representation of the logical network 
topology and one that is of type jTabbenPane. This last filed 
contains several tabs – one for each of the network devices in 
the topology. These tabs are used for visualization of the input 
and the output from the SSH sessions with the devices. 

The SSH sessions are established using an additional 
software library. This library defines that once the session is 
established it should be used for opening of a channel to the 
device. This channel is used for transmission of the commands 
issued by the user and for reception of the corresponding 
feedback, about the execution of the commands by the device. 
For this to work it is necessary to define in the applet an 
InputStream and an OutputStream parameters, which are 
used for data transmission. By following which keyboard keys 
are being pressed in the SSH session window, the systems is 
assembling the command line interface or CLI commands and 
is storing them in a temporal buffer. Before sending the 
commands to the remote device, the system compares them to 
an array of predetermined for the exercise commands and 
evaluates their correctness. When the exercise is concluded 
the system creates an SQL query and sends it to the MySQL 
server. This query contains the success rate of the student, and 
is used to add the obtained value to the corresponding row of 
the table. When the query is successfully executed the main 
window of the application reappears again. 

V. CONCLUSIONS 
This paper presents a virtual laboratory platform, which can 

be used for e-learning of subjects in the area of the modern 
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telecommunication networks. An analysis of the methods for 
developing of such type of platforms was performed and a 
conceptual model of the presented platform was introduced. 
This model contains in detail the major requirements of the e-
learning systems in the area of the telecommunication 
networks. The presented virtual lab is flexible and provides 
dynamic topology management without the help of the 
network administrators or the network managing engineers.  
The presented platform corresponds to the latest energy 
efficiency trends by providing remote control over the power 
sources for the network devices. This system has a user 
friendly interface and doesn’t require any additional resources 
or extra knowledge about personal computers. The cost of the 
proposed virtual laboratory is much less than the cost of the 
available commercial solutions with similar functionality. 

ACKNOWLEDGMENT 
The work presented in this paper is completed as a partial 

fulfillment of project DMU-02/13-2009 of the Bulgarian 
Science Fund at the Ministry of Education and Science and 
project BG051PO001-4.3.04-0007 “Development of 
electronic forms for distance learning at the University of 
Ruse” 

 
 

REFERENCES 
[1] Dillenbourg P., Virtual learning environments, Workshop on Virtual 

Learning Environments at the EUN Conference “Learning in the new 
millennium: Building new education strategies for schools”, 2000 

[2] Zandvliet D. B., Learning environments in technology-rich classrooms, 
Studies in educational learning environments: An international 
perspective, pp. 49-72, River Edge, NJ: World Scientific, 2002 

[3] Courts B., Tucker J., Using Technology To Create A Dynamic 
Classroom Experience, Journal of College Teaching & Learning (TLC), 
9(2), pp. 121-128, 2012 

[4] Armstrong H., Murray I., Remote and Local Delivery of Cisco 
Education for the Vision-Impaired, ITiCSE 2007, Dundee Scotland, 
pp78-81, 2007 

[5] Hope J., von Konsky B., Murray I., Chew L. C., Farrugia B., A Cisco 
Education Tool Accessible to the Vision Impaired, ASSETS06, 
Portland, Oregon USA, pp235-236, 2006 

[6] Murray I., Armstrong H., Innovations in tertiary online learning for 
students who are blind or vision impaired, 7th International 
Conference on Information Technology Based Higher Education and 
Training, Sydney, Australia, 2006 

[7] Bates A., Poole G., Effective Teaching with Technology in Higher 
Education, Jossey-Bass/John Wiley, San Francisco, USA, 2003 

[8] Recommendation 1836 - Realising the full potential of e-learning for 
education and training, Council of Europe, 2008 

[9] Johnson H. M., Dialogue and the construction of knowledge in e-
learning: Exploring students’ perceptions of their learning while using 
Blackboard’s asynchronous discussion board, European Journal of 
Open, Distance and E-Learning, 2007, ISSN 10275-207 

 

162



Distance Education Using a Desktop Virtual Reality 
(VR) System  

M. Travassos Valdez#, C. Machado Ferreira #, F. P. Maciel Barbosa * 
# Departamento de Electrotecnia, Instituto Superior de Engenharia de Coimbra (ISEC) 

Rua Pedro Nunes, 3030-140 Coimbra, Portugal  
1 valdez@isec.pt 
2cmacfer@isec.pt 

* Faculdade de Engenharia, Universidade do Porto 
 Rua Dr. Roberto Frias, 4200-465, Porto, Portugal 

3fmb@fe.up.pt 

 

Abstract—The constant changes occurring in today's teaching 
and learning processes provide a continuous improvement in the 
interaction of information. At the same time, globalization and 
the need for streamlining time facilitate the development of new 
methods of imparting knowledge. 

With the new information technologies, new forms of learning 
occur adding greater dynamism to the information. This form of 
learning, which optimizes time and space, is known as distance 
learning and it is being amply used in many different areas. 
Distance education presents the advantage of facilitating the 
teaching and learning processes without face-to-face interaction 
as knowledge is transmitted, partly or as a whole using 
technology. 

In fact, technological innovation has assumed a vital role in 
education. Looking to achieve more efficiency in carrying out the 
various activities, the job market constantly requires an 
investment in new skills and knowledge so that the professionals 
can operate the equipment and working tools, successfully and 
with quality. 

This paper presents a new system of learning a curricular 
unit of Circuit Theory using desktop virtual reality (VR). The 
software provides the possibility to understand the relationship 
between the physical concepts of an electrical circuit, direct or 
alternating current, through computer simulations and 
animations. 

This work was developed to demonstrate how a desktop VR 
prototype, “Virtual Electric Manual”-VEMA, can be applied to 
an engineering unit and used to enhance security and 
resourcefulness in using electrical equipment.  Several interactive 
scenes were developed to illustrate the idea using a measurements 
and instrumentation laboratory as virtual environment. 

A range of interactive learning environments are presented: 
the menu with the first interactive experiment is the simulator of 
a DC circuit. It allows the student to analyze the setting up of a 
parallel, or series-parallel resistive circuit series powered by 
direct current; the second menu, features the simulator of an 
alternating current circuit and demonstrates how the student can 
perform the analysis of a circuit with resistors, inductors and 
capacitors; the third interactive experiment is the simulator of a 
three-phase alternating current circuit; the fourth menu refers to 
a study on the transitional phenomena.  Finally, the fifth menu is 
an interactive experiment related to the phenomena of resonance. 

VEMA offers students the opportunity to understand the 
processes, helping them to better discern the procedures and 
trains them to interact with the equipment.  

The VEMA prototype addresses these issues and highlights 
the potential benefits of using VR for this purpose. Each 
experiment will provide technical and scientific knowledge in 
order to give the student/user adequate information and training 
in the subject. 

Keywords— circuit theory; electrical circuits; interactive 
circuit; learning object 

I.  INTRODUCTION - THE TEACHING-LEARNING PROCESS 
To promote teaching and learning is no simple task as it 

requires great accuracy and a number of procedures to be 
taken into account in order to stimulate acquisition. 

Teaching is the planned response to the demands of the 
natural learning process in order to obtain optimal results; the 
teaching process must respect, facilitate and enhance the 
natural learning process [1]. 

Learning requires continuity and a logical sequence as it is 
more than simple transmission of information; it requires 
methods, techniques, procedures and instruments to obtain 
satisfactory results. Each student is responsible for his/her own 
learning, and the teacher is just a facilitator and advisor. It is 
important to respect the students’ different characteristics and 
their learning process should be accomplished in a more 
individualized manner. 

Three approaches to education can be referred: full-time 
education, part-time education (part at school, part virtual or at 
a distance) and distance education (virtual). Face-to-face or 
full-time education is the conventional type of education and 
the most widely used approach in normal courses at any level, 
requiring teachers and students to be together in the 
classroom. The second approach combines learning in the 
classroom and at a distance using modern technology. 
Distance education may or may not need to have face-to-face 
moments as teachers and students are physically separated in 
space or in time, while being able to interact through 
communication technologies, i.e. virtually [2]. 

Technology has brought numerous benefits, extending the 
scope of the teaching and learning processes, arising as a 
facilitator and a strategic tool to promote improvement in the 
methods and practices, optimizing education in general, 
affording new and innovative opportunities in the way 
education and teaching are designed. 
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Thus, it is necessary to find new strategies to teach 
engineering, where the teacher is no longer the only source of 
knowledge and information, but creates the opportunities so 
that students become more actively engaged in the learning 
process, learning how to find and filter the information, as 
well as build their own knowledge. It is to that extent that 
technologies must be understood and used as tools in the 
pursuit of this new paradigm. 

II. DISTANCE EDUCATION 
Higher education has evolved in the last decade with the 

use of information technology. This change was called 
distance education, a teaching method in which the student 
does not need to meet with the teacher on a certain day and 
time. The student may be either at home or at work and may 
have no interaction with the other parts, either the teacher or 
other students. It has allowed the institutions to resolve 
geographical gaps in order to reach the largest number of 
students. On the other hand, it paved the way for the "non-
traditional" universities oriented for "adult work", in a narrow 
range of graduation programs, compatible with the current 
demands from industry [3].  

 It is also important to mention that distance education is 
becoming increasingly appropriate for non-academic studies, 
such as corporate training environments [3]. 

It should be able to meet the operational requirements 
through a synthesis of components, attributes and 
relationships. Distance education technologies should promote 
educational and academic goals respecting the organizational 
needs of each institution, namely collaborative education. The 
technologies with the capacity to introduce more realistic 
professional skills also have the potential to introduce new 
concepts in education and in the classroom. 

The use of technological resources in teaching requires an 
evaluation of the whole teaching and learning processes. It 
will also be necessary to reflect upon the choice of 
methodology and tools that better promote the new proposal. 
Distance education is a form of planned learning requiring 
special organization, attention and techniques, as well as 
specific electronic communication methods and other 
technologies. 

The most motivating feature was the quick and easy way 
of furthering student/teacher interaction. This interaction can 
be carried out using various methods and techniques with 
synchronous and asynchronous approaches. 

The direct transfer of face-to-face teaching contents to a 
distance learning format does not ensure the adequate solution 
to create the syllabuses of distance learning courses. The 
learning process has to be more than just receiving 
information and acquiring knowledge. The choice and design 
of the contents must be based on specific pedagogical 
guidelines and assumptions inherent to the particular 
characteristics of the intended approach [4]. 

The latest generation of distance education is characterized 
by virtual communities with easy-to-use, interactive and 
accessible e-learning systems. 

A virtual distance learning system must incorporate 
features such as: good accessibility; total control of the 
educational material; high level of interactivity; a dynamic 
environment with access to instructional resources; flexibility, 

allowing the improvisation of teaching materials; self-
learning, supplying students with all course materials and 
promoting their capacity for independent study. 

This system must provide other skills such as: 
asynchronous interaction mode; access to teaching materials 
independently of location and time, providing great flexibility; 
time for reflection and observation, in which students have the 
opportunity to think about the ideas and consult other sources; 
learning from home or work; text-based asynchronous systems 
that require narrow bandwidth and less sophisticated 
computers, facilitating global access and reducing costs [5-7]. 

As it was previously referred, any type of distance 
education requires an adequate attitude and choice of 
pedagogical methods, and additional resources tailored to the 
profile of the students of each course. In addition, as there is 
less social interaction between teacher and students, greater 
importance must be given to the educational materials used to 
motivate the students that are scattered in place and time. 

The use of information technology as a support to 
education is very wide. There is a variety of software 
developed for educational purposes, the educational software 
(ES), which is taking an increasingly important role in 
education. For some authors, all software can be considered 
ES, provided that it uses a methodology that contextualizes the 
teaching and learning processes [8]. Quality is the main aspect 
to be taken into account with this software as the market has 
been providing more and more products with numerous 
applications and a wide range of resources. 

III. THE LEARNING OBJECT 
According to Paula Escudeiro, a Learning Object (LO) is a 

digital interactive feature structured and normalized with a 
specific educational goal, contents and learning activities and 
evaluation system [9]. E-contents are any web format contents 
available on the internet. 

The LOs are subsets of e-contents, with interactive 
contents, structured and standardized according to a format 
specification and reference model [9]. 

Currently there are several specification standards for the 
design of an LO. Paula Escudeiro suggests a normalization of 
LOs using the SCORM reference model (Sharable Content 
Object Reference Model). This model supports the 
development of learning contents in order to ensure reuse, 
interoperability, durability and good accessibility.  

According to Silva and Fernandez, the construction of a 
learning object should have three characteristics: to stimulate 
the reasoning and critical thinking (minds-on); to address 
issues relevant to students (reality-on) and offer the 
opportunity for research (hands-on). They state that the simple 
transfer of contents from paper to an electronic support does 
not bring any advantage from a didactic-pedagogic point of 
view. The task of evaluation is thorough because it requires a 
theoretical basis for the analysis of the concept to be studied 
and explored by the technological resource as well as for the 
design project. Silva and Fernandez refer that some LOs only 
have graphic and interactive functions [9]. 

LOs simulations and animations should provide practice 
similar to the one acquired in real life and thus become a 
viable resource in situations where it is not possible to carry 
out practical sessions. Therefore, it is considered that the LOs 
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can assist the lectures in the acquisition of concepts as well as 
provide support for the theoretical-practical and laboratory 
lessons integrating the instruments that allow cognitive 
learning based primarily on student interaction with the 
desired environment. 

Computer simulation is an efficient technique to be used in 
practical work as it minimizes the teachers’ concerns 
regarding time, costs or risks that involve the choice of 
inappropriate, ineffective or potentially dangerous 
experimental strategies. 

The possibility of testing different ways of monitoring the 
evolution of cause-and-effect relationships, visualizing 
concepts from different points of view and confirming 
hypotheses transforms animations and simulations in powerful 
tools to promote new ideas and arouse curiosity, relate 
concepts and solve problems. These interactive activities 
provide the opportunity of exploring scientific phenomena and 
concepts, often impractical or nonexistent in schools due to 
budget and security issues. It also allows experiments to be 
performed even when a class is not being held.  

This paper addresses Circuit Theory systems, more 
specifically laboratory practices geared towards teaching and 
learning. The choice was made from observing the needs in 
the specific context of a measures and instrumentation 
laboratory, mainly related with access to the means and 
equipment to carry out laboratory practice. The purpose of the 
work is the use of virtual experimentation to carry out 
laboratory practice and also as an alternative tool to meet the 
needs of access to the means and equipment of the laboratory. 

It is in this perspective that this work was conceived, 
having as goal the development of a LO, assuming that it may 
be a possible alternative to represent models of interactions 
that occur within the object of study. It may help improve the 
understanding of physical concepts, in particular those 
involved in the subject of electrical circuits. It aims at 
characterizing the learning process through a series of 
situations that can be repeated, leading to a change of attitude 
and involvement of students. It is assumed that the use of this 
tool can lead to the acquisition of a specific set of skills, a 
better and meaningful practice and significant learning. 

IV. OBJECTIVES OF THE EDUCATIONAL SOFTWARE (ES) 
According to Circuit Theory I course contents there is a set 

of laboratory experiments that provide students with adequate 
training and knowledge of circuit theory. The goal is to 
provide the technical knowledge to analyze alternating and 
direct current electrical circuits, in particular, to know and 
understand the various parameters of an electrical circuit: 
current, voltage, power, power factor, etc. 

When one ES is created, it is also very important to 
characterize the type of student to whom it is addressed [10]. 

The ES will be the best alternative to supply the necessary 
learning and practice for the students who are unable to attend 
laboratory lessons due to various personal, professional or 
logistics constraints. The ES can serve as the basis for 
experiments and to deepen learning, even for those students 
who are able to attend laboratory classes. 

There should be two types of documents in the 
development of educational software: one of design and the 
other to be used as study support [9]. The support document 

should clearly state the objective and relevance of the project 
in higher education. In order to be understood by all those 
involved, it will be necessary to describe, in plain language, 
the requirements the ES intends to develop as well as the 
technical issues. The models to be used may include case 
diagrams and others of more general description to give a 
general overview, mentioning who is involved in the program 
and which are the use cases. 

The type of ES users must be identified beforehand in 
order to create a use case; they are the called actors. The use 
cases are used to model a SE and they must be chosen to attain 
specific goals.  To build any scenario it is necessary to identify 
the functional requirements of the system, specifying the 
context of the ES, and describe clearly how it will interact 
with the student/user. 

 Each experiment must provide technical/scientific 
knowledge to be able to offer instruction and experimentation 
of that particular topic. Virtual trials do not have to be 
sequential although the sequence of work can help to construct 
cognitive models necessary to the learn about the entire 
model. 

At the end of each virtual simulation it is expected that the 
student will feel at ease to enter a real laboratory and perform 
the same type of work, without feeling any negative impact or 
maladjustment.  

In short, with this SE: 
1. The target user may be a student of any age with some 

basic knowledge of Circuit Theory. 
2. It can be used both by the teacher and the students. In the 

case of the teacher, it may be used to illustrate 
experiments performed outside the lab. 

3. It is possible to be used in any computing environment 
suitable for this type of software. 

4. Each computer can be shared by no more than two 
students in the classroom. 

By using constructivist theories, a particular scenario was 
designed to further the interaction process, thus triggering the 
whole procedure as an internal learning process. It is in this 
particular scenario that the actions carried out by all actors, 
teachers and students, converge in learning processes [11-13]. 
However, there are relevant aspects that need to be taken into 
consideration. It necessary to provide a basis of knowledge 
and information to assist the student in the activities he/she 
will undertake. As the constructivist theory suggests, it is the 
student who will have to take control of his/her own learning 
process. 

For this scenario, it was necessary to create some type of 
support symbols such as objects, texts, graphics editing, etc. 
Simulation was used so that the information is presented in a 
visual/graphic and intuitive format, allowing the student to 
observe relevant phenomena and manipulate 
variables/parameters. Other elements may also improve the 
proposed scenario, as long as they are considered required and 
important.  

The ES is created to be available on the internet and its use 
may become universal. This tool will provide support to study 
and learning for any student unable to attend the laboratory 
sessions. It will provide the necessary conditions to be 
successful in performing a real task or during a formal 
laboratory examination at school. In addition, any student who 
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can attend all the laboratory lessons will find a complementary 
practice tool in this educational software. 

This Learning Object (LO) prototype presents interaction 
models related with the subject of study, helping to improve 
the understanding of physical concepts, in particular those 
involved in the subject of electrical circuits. The learning 
object used in this work consists of the models of equipment 
and its use in educational laboratory software available for 
students. Most of the laboratory objects were modeled using 
the Autodesk ® 3DS Max ® software. 3D Max, VizUp 5.0 
WireFusion ® and HTML5 was the software used to achieve 
the intended objective. 

V. DESCRIPTION OF THE MODEL OF EDUCATIONAL 
SOFTWARE 

The overall idea was to create a three-dimensional model 
(3DS Max, Maya, Cinema 4 D, SketchUp, Blender, 
LightWave or any other 3D tool), reduce the size of the 3D 
objects with VizUp and then export them to WireFusion, 
where it was possible to add some interactivity. However, all 
animations had to be previously built in the source program of 
the 3D model. The last step was the production of interactive 
contents using HTML5, CSS3 and Javascript and the 
introduction of the presentations on the web as offline 
presentations. 

In the present case, the basis of the project was the 
construction of a 3D lab environment (Measures and 
Instrumentation) where the equipment and the components can 
be seen and manipulated. The project involves simple 
electrical schematics, which later can be changed in values, 
presenting new results, and displays a set of menus and 
submenus to support experiments. 

This work was developed to demonstrate how a desktop 
VR prototype, “Virtual Electric Manual” - VEMA, can be 
applied to an engineering unit and used to enhance security 
and resourcefulness in using electrical equipment.  Several 
interactive scenes were developed to illustrate the idea using a 
measurements and instrumentation laboratory as virtual 
environment.  

The menu with the first interactive experience is the 
simulator of a DC circuit. It allows the student to analyze the 
setting up of a parallel, or series-parallel resistive circuit series 
powered by direct current. In this scene, and together with 
these simulations, there are texts supplying the theoretical 
explanation of the experiment performed.  

The second interactive menu presents the simulator of an 
alternating current circuit and demonstrates how the student 
can perform the analysis of a circuit with resistors, inductors 
and capacitors in series, in parallel or in series-parallel AC 
powered; it also provides guidelines based on the texts, 
allowing the student to clarify the numerical expressions used 
for the resolution of the circuits. 

The third interactive experiment, the simulator of a three-
phase alternating current circuit, describes the potential of VR 
for electric three-phase circuit representation, with star or delta 
configurations, to enable greater understanding and rapid 
knowledge transfer. It also provides the opportunity for 
interactively designing a setting up and safely investigates the 
consequences for the user.    

The fourth menu, with the fourth interactive experiment, 
refers to a study on the transitional phenomena.   

Finally, the fifth interactive menu and experiment is 
connected with the series or parallel resonance phenomena. 

The practical use of the prototype consists of experimental 
interactive scenes. A user interface allows the student to get in 
and out of each scene intuitively. 

In addition to the experimental interactive scenes already 
mentioned, there are other menus: the main menu with a 
"Home" page; a menu on the various laboratory equipment. 
There are also the menus: "3D Lab", "About", "useful Links" 
and "Contacts" already implemented and tested (see Fig. 1). 

 

 

Fig. 1. VEMA’s first page 

The whole menu, with numerous equipment, is presented 
in Fig. 2. 

 
 

 
Fig. 2. Equipment menu in VEMA 

 
When the students “enter" the virtual environment, a 

variety of settings and various equipment is made available, 
via the GUI (Graphical User Interface). The purpose of this 
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information is to give them an overview of electrical circuits 
and the corresponding equipment and provide an adapted 
environment. 

Inside the simulator, the students can visualize a virtual 
laboratory installation and interact or simulate a value in any 
of the interactive devices, such as a power supply, resistors, 
etc. When these parameters are changed, the circuit is 
automatically updated and the students can immediately see 
the impact of choices in real time. 

The contact and experience with the virtual environment 
can allow students to quickly be absorbed into small electrical 
projects. They can easily identify the parameters involved and 
thus develop a greater familiarity, and hopefully learn to 
design an electrical circuit with greater confidence. 

VI. DISCUSSION 
The theories of education and cognitive science 

support the role of VR as a training tool [14-18]. According to 
Chittaro, constructivism is the main pedagogical support that 
stimulates the educational use of VR [19]. Constructivists 
argue that individuals learn through their experience of the 
world through a process of construction of knowledge, which 
happens when students intellectually invest in meaningful 
tasks [20]. It can be concluded that the interaction with an 
environment or a process is fundamental to the learning 
process and VR offers one of the most appropriate methods to 
create a contextualized training activity. 

The learning theory also suggests that VR can be a 
beneficial tool because it confirms that knowledge must be 
gained through contextualized activities in authentic 
situations, which reflect the way it will be used [21-24]. 
Finally, researchers point out that students acquire more 
information if more physical senses are involved in the 
learning process and, as such, VR can be a very useful tool.  

The VR program developed in this work used a 
WireFusion 5.0 ® authoring tool that allowed its construction 
with low cost of implementation by using an educational 
license. This was a significant factor in the choice of this 
specific program for the development of VEMA. From the 
educational point of view, VEMA is not seen as a substitute 
of the traditional teaching methods, but only as an additional 
resource, which can significantly improve students’ reasoning 
and motivation. 

The use of the circuit simulator as an educational tool 
is a student-centered approach and moves away from the 
traditional learning techniques. Students can learn for 
themselves, investigating the results arising from data entered 
by them, in their own time. 

Because VR desktop applications are reusable, and 
advantageous for updates, they will potentially allow a 
reduction in training budgets; furthermore, because it is 
possible to distribute them on the web, it presents itself as a 
really attractive option both for education and industry. 

VEMA offers students an opportunity to deepen 
understanding, increases their insight into the procedures and 
trains them to interact with the equipment. This prototype 
addresses these issues and highlights the potential benefits of 
the use of VR for this purpose. Each experiment provides 
technical/scientific knowledge in order to give the student 
information and training in the relevant study contents. 

VII. CONCLUSION 
In the design of a virtual reality system, the selection 

of the most appropriate tool is an essential component in the 
development of a VR program. The level of flexibility and 
pre-programmed components can vary substantially among 
software tools. Many resources require  a special attention 
from the designers regarding  the  supported file formats for 
3D importing models, polygon count, object sizing, type of 
animation, collision detection, extensibility, support for VR 
input/output devices, 3D libraries, widgets, development 
support and methods of publication of an application. 

The added value of these various features in the 
educational context is that they contribute to the construction 
of new virtual environments, able to benefit the 
communication between teachers and students and among 
themselves, thus creating new opportunities for each student 
to participate more actively in his/her own learning 
construction process. Rather than being seen as mere 
information files, these e-learning platforms should be 
perceived as a means to promote interaction and 
experimentation through technological resources [25]. 

The challenge for educators is to be able to act as 
facilitators of that process by guiding students to become 
critical and engaged citizens in this new information society. 
On the other hand, Institutions must develop programs that 
allow students and teachers to be part of this whole project. 
The economic, social and technological changes require 
individuals to learn to tackle the new challenges posed by 
these constant transformations. 

It is important to raise students’ awareness that 
learning is a continuous process; much more than a duty, it is 
a right. The advantages offered by the media and the 
possibility of processing information, through increasingly 
powerful computer programs, can bring significant benefits 
to the learning process. 
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Abstract— Considering the importance of practices in 
electropneumatic and electrohydraulic systems education and 
training, the goal of this work is to present an interactive 
teaching system useful in simulation and control of 
electropneumatic and electrohydraulic systems. The interactive 
system is based on applications developed for Windows operating 
system using LabVIEW and FluidSIM software. The teaching 
tools are organized in experiments with a real electropneumatic 
and electrohydraulic structure and in experiments with 
simulators, all with friendly graphical user interface. The 
presented interactive teaching system allows an improvement in 
electropneumatic and electrohydraulic education and training. 
The system has didactic properties such as modularity of the 
package, friendly graphical user interfaces and so on, helping 
students to understand and compare different modeling and 
control methods. The package can be easily extended with new 
experiments. Some applications of this interactive system for 
simulation and control of a Festo MPS (Modular Production 
System) Compact Workstation for Automation are presented. 
 
Keywords— Electropneumatic, electrohydraulic, modeling, 
simulation and control.  

I. INTRODUCTION 
The effectiveness of educational technology on student 

learning depends not only on what outcomes are targeted and 
how the technology is integrated into instruction, but also on 
how teachers assess student performance in classrooms and 
adjust instruction accordingly. Technology offers teachers a 
broad range of tools to collect and analyze data, and richer 
sets of student data to guide instructional decisions. 

All new requirements to the professional education and, 
first of all, to the higher education need preparation of 
educational materials that reflect the latest achievements in 
science and technology. Efficiency of modern production is 
guaranteed by application of technical methods and means 
which are able to fully or partially substitute a person 
executing manufacturing tasks, what is the case by 
mechanization and automation application [1]. The solving the 
task of operating working machines and units is possible 
based on the systems with complex logical connections that 

are guaranteed by the interaction of sensor elements, signal 
modifiers and processors with pneumatic executing devices. 
Technical level merger of electronic and mechanical elements 
is the basis for creation and development of intellectual 
pneumatic drives and operating systems as well as for the 
development of the new branch of automatics – mechatronics. 
The appearance of new high-production and high precision 
industrial flow processes requires constant attention to be 
focused on creation and use adequate automation facilities.  

Electro-pneumatic automation is a division of automation 
encompassing the theory and practice of developing 
automated process control systems based on combined 
devices of transforming various non-electrical, physical 
quantities (displacement, pressure, mechanical stresses, 
temperature, etc.) into physical quantities of electric voltage, 
current, frequency, etc. The integration of electric and 
pneumatic devices is vital in handling the numerous problems 
of process automation [2].  

Graphics make learning more interesting and compelling 
and they can also help introduce naturally the engineering 
concepts and techniques. In this work an Interactive Teaching 
System for Simulation and Control of Electropneumatic and 
Electrohydraulic Systems is presented. This system is based 
on LabVIEW and FluidSIM software. LabVIEW (Laboratory 
Virtual Instrument Engineering Workbench) is a graphical 
programming language that uses icons instead of lines of text 
to create applications [3]. In contrast to text-based 
programming languages, where instructions determine the 
order of program execution, LabVIEW uses dataflow 
programming, where the flow of data through the nodes on the 
block diagram determines the execution order of the VIs and 
functions. VIs, or virtual instruments, are LabVIEW programs 
that imitate physical instruments. Virtual instrumentation 
combines hardware and software with industry-standard 
computer technologies to create user-defined instrumentation 
solutions. FluidSIM is a teaching tool for simulating hydraulic 
and pneumatic basics [4]. 
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II. GRAPHICAL PROGRAMMING IN LABVIEW AND FLUIDSIM 
Like most people, engineers and scientists learn by seeing 

and processing images without any need for conscious 
contemplation. Many engineers and scientists can also be 
characterized as “visual thinkers,” meaning that they are 
especially adept at using visual processing to organize 
information. In other words, they think best in pictures. This is 
often reinforced in colleges and universities, where students 
are encouraged to model solutions to problems as process 
diagrams [5]. However, most general-purpose programming 
languages require you to spend significant time learning the 
specific text-based syntax associated with that language and 
then map the structure of the language to the problem being 
solved. Graphical programming provides a more intuitive 
experience. LabVIEW is different from most other general-
purpose programming languages in two major ways. First, 
Graphical programming is performed by wiring together 
graphical icons on a diagram, which is then compiled directly 
to machine code so the computer processors can execute it. 
While represented graphically instead of with text, Graphical 
contains the same programming concepts found in most 
traditional languages. For example, Graphical includes all the 
standard constructs, such as data types, loops, event handling, 
variables, recursion, and object-oriented programming. 

Graphical code is typically easier for engineers and 
scientists to quickly understand because they are largely 
familiar with visualizing and even diagrammatically modeling 
processes and tasks in terms of block diagrams and flowcharts 
(which also follow the rules of data flow). In addition, because 
dataflow languages require you to base the structure of the 
program around the flow of data, you are encouraged to think 
in terms of the problem you need to solve. For example, a 
typical Graphical program might first acquire several channels 
of temperature data, then pass the data to an analysis function, 
and, finally, write the analyzed data to disk. Overall, the flow 
of data and steps involved in this program are easy to 
understand within a LabVIEW diagram. 

In the last years, engineers and scientists used LabVIEW to 
interface with measurement and control devices. LabVIEW 
integrates seamlessly with thousands of different hardware 
devices, and helps save development time with convenient 
features and a consistent programming framework across all 
hardware. System integration, getting everything setup and 
configured such that you begin programming a system, can be 
a major undertaking, often taking more time than the 
programming, measurement, or test you wish to perform [6]. 
Integrating different hardware devices with traditional tools is 
littered with time-wasting steps and possible incompatibilities, 
increasing risk. First, you have to find the correct drivers for 
all of your hardware, and then you have to figure out how to 
install them and call them from software. Once your drivers 
are usable, you need them to communicate with the hardware 
and learn the programming model that the driver designer 
decided was appropriate for that particular device. LabVIEW 
can help save you time and frustration by eliminating some of 
these steps and making others markedly easier. 

LabVIEW is one software tool that can span all of your 
hardware components. Drivers are readily available for 
common hardware devices. Each hardware driver shares a 
similar, familiar programming model, and examples of how to 
use the model install directly into LabVIEW. 

FluidSIM is a teaching tool for simulating hydraulic and 
pneumatic basics and runs using Microsoft Windows. It can 
be used in combination with Festo Didactic GmbH & Co. KG 
training hardware, but also independently. A major feature of 
FluidSIM is its close connection with CAD functionality and 
simulation. FluidSIM allows DIN-compliant drawing of 
electropneumatic circuit diagrams and can perform realistic 
simulations of the drawing based on physical models of the 
components. Simply stated, this eliminates the gap between 
the drawing of a circuit diagram and the simulation of the 
related electropneumatic system. The CAD functionality of 
FluidSIM is specially tailored for fluidics [7]. For example, 
while drawing, the program will check whether or not certain 
connections between components are permissible.  

Another feature of FluidSIM results from its well thought-
out didactic concept: FluidSIM support learning, educating 
and visualising pneumatic knowledge. Pneumatic components 
are explained with textual descriptions, figures and animations 
that illustrate underlying working principles; exercises and 
educational films mediate knowledge about both important 
circuits and the usage of pneumatic components. The 
development of FluidSIM included special emphasis on both 
an intuitive and easy-to-learn user interface. The user will 
quickly learn to draw and simulate electropneumatic circuit 
diagrams [8]. During the simulation FluidSIM first calculates 
all electrical parameters. This step is followed by formulating 
the model of the electropneumatic circuit, and, based on the 
model, the entire distribution for flow and pressure is 
calculated. Depending on circuit’s complexity and the 
computer’s power, a circuit’s simulation may take 
considerable time. The exact numeric values for pressures, 
flow rates, voltages, and currents are displayed on the attached 
measuring instruments. Simulations presented in this work are 
based on physical models whose components match those 
components found in the Festo Didactic equipment set. 
Therefore, calculated values should closely match measured 
values. The calculation of variables forms the basis for an 
exact, real-time proportional animation of the cylinder. Real-
time proportionality guarantees the following property: If in 
reality a cylinder moves twice as fast as another one, the 
relationship between these two components is shown in the 
animation. In other words, the real-time relationship remains 
unaltered. Manually operated valves and switches, found in a 
diagram, can be switched by clicking on them with the mouse. 
 

III. DESCRIPTION OF THE EXPERIMENTAL PLATFORM 
There are two basic methods of developing functional 

control circuits: 
1. an intuitive method often called trial-and-error method; 
2. methodical (systematic) circuit design based upon the 

realization of associated rules and instructions. 
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In the first case the designer requires considerable 
experience and intuition; plus the fact that this method is time 
consuming where complicated circuits are concerned. 

When designing according to the second method, 
knowledge of basic fundamentals and design sequence 
techniques are sufficient. Irrespective of the method used, the 
final objective is to design a correctly and reliably working 
system. In the past more time was dedicated to the 
development of a system having minimum quantity elements, 
now the key point has moved towards performance reliability 
and serviceability that can be achieved by means of 
methodical design [9]. As a result of this design technique the 
functional sequence of a system is clearly reflected in easy-to-
read circuits and technical documentation.  

In this case the control system is designed according to a 
specific procedure that results in less reliance upon the human 
factor when applied. However there many cases where 
methodical employs a large number of elements within the 
system than that of the intuitive method.  

The design of a general electropneumatic system circuit 
carried out in the following stages [10]: 

- description of circuit operation; 
- design of the diagram displacement-step (sequence 

diagram) for the operating process in question; 
- representation of pneumatic elements in the basic circuit 

diagram; 
- representation of electric elements in the basic circuit 

diagram; 
- compiling of service documentation; 
- creating a spare parts and technical data list. 
When designing basic pneumatic circuits the following 

recommendations are to be adhered [11]: 
- the component layout in the circuit diagram should 

enable the signal flow to be in the bottom-up direction; 
- cylinders and directional control valves are located 

horizontally in the circuit diagram and cylinder rods are to 
extend from left to right. 

In the case of electrical circuit diagrams the arrangement of 
components in the circuit diagram should enable o top-down 
direction of signal flow. System circuits having an 
intermediate or relay control can be divided into a logical and 
a control part. In the latter the control elements (solenoids, 
triggering relays) of the actuating devices are located from left 
to right according to the system operation sequence. The 
design of such circuit diagrams needs a creative approach 
since the accurate separation and the strict adherence to the 
displacement-step diagram (sequence diagram) is practically 
impossible. 

The components of a circuit diagram have an alphanumeric 
designation in accordance with signal flow direction from left 
to right. The switches performing key functions such as start 
or stop are designated at the designer’s discretion. The 
electrical components are represented in the circuit diagram in 
their initial position. If the initial position of the switches is 
shown as activated there is an arrow the left of them, i.e. the 
current passes through this switch in the initial position. 

In the Pneumatic and Hydraulic Systems laboratory from 
Automatic Department, University of Craiova, it is worked 
out a running set with electropneumatic elements, Pneumatic 
Union.  

The laboratory set enables to get knowledge about real 
electropneumatic systems, with different realizing and testing 
methods of projects and with system configuration. The 
laboratory set allows the study of the following 
electropneumatic elements: 

- pump unit – supplies a constant volumetric flow; 

 
 
- pump unit and has a pressure of 0 bar; 

 
- configurable 3/n way valve with mechanical action – is a 

way valve with three connections, where both its body 
elements and its operation modes are user definable; 

 

A

P T
 

 
- T-junction – joins up to three pneumatic lines, thus having 

a single pressure potential; 

 
 

- double acting cylinder with piston rod on one side – 
contains a permanent solenoid which can be used to operate a 
proximity switch; 

 

F=0
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- manometer – measures the pressure at its connection; 

 
 
- break switch – that tailored depending on the type of 

components that actuates it; 

Break switch

 
- pushbutton – switch that closes when actuated and opens 

immediately when released; 

     
Pushbutton (make, Ladder)

 
- and the following logic blocks: 
AND function; 
OR function; 
NON function 
From the functional standpoint the logic blocks can consists 

of one or several contacting pairs. Their logic functions can be 
realised both by pneumatic and electrical components 

 

IV.  EDUCATIONAL APPLICATIONS OF THE INTERACTIVE 
TEACHING SYSTEM 

 
One of the most important tools in systems engineering is 

the use of modeling and simulation processes to help elicit 
system requirements, support the analysis of alternatives, 
estimate and optimize cost and schedule, predict system 
performance, and to improve systems processes. Models and 
simulations help perform experiments that may not be 
possible in the real world due to physical, environmental, or 
economic constraints.  

Modeling and simulation should be used to support 
engineering activities throughout the full systems life cycle. 

From concept, design, and testing to evaluating product 
performance, model-based tools provide the means for 
experimentation and analysis to better understand the 
attributes and expected behavior of the system and to evaluate 

the processes and strategies needed to optimize the system 
performance. Modeling and simulation also accounts for 
human systems integration, manufacturability, and sustaining 
the product. 

The interactive teaching system is used at the University of 
Craiova for the students of the following license 
specializations: Automation and applied informatics, 
Mecatronics and Robotics. The platform is included in the 
laboratory applications at the following disciplines: 

- Hydraulic and pneumatic systems; 
- Industrial software; 
- Data acquisition systems; 
- Control systems; 
- Numerical control systems; 
- System identification; 
- Optimizations; 
- Hybrid systems. 
 
The Interactive Teaching System can provide your students 

will positive outcomes associated with technology integration 
in the classroom [12].   

The main benefits of the Interactive Teaching System are: 
- Allows teachers to differentiate instruction by appealing 

to multiple learning styles in the classroom (visual, audio, and 
tactile);  

- Student participation is increased due to the interactivity 
embedded in the Interactive Teaching System; 

- Multiple opportunities to encourage students to be 
actively involved in the instruction; 

- Motivation is improved due to students being engaged and 
experiencing success in the classroom; 

- Students are exposed to instructional strategies only found 
in technology and not a traditional delivery method. 

The interface design was based on the concept of clarity 
and functionality. The graphics and buttons provide visual 
guidance that leads students directly to the lab exercises. 

 

A. Applications in modeling of electropneumatic systems  

 
To get a good solution for a problem in general, and an 

automatism one in special, is necessary that the student to be 
well informed about the evolving conditions and about the 
requirements which must be respected. The system design and 
simulation must follow the next steps: 

A. The study of the problem data: 
- efforts; 
- velocities; 
- environment; 
- available energy; 
- security; 
- particular problems, etc. 
B. The power scheme definition: 
- vacuum generators (pumps); 
- pressure regulating valves; 
- pneumatic on/off distributional valves; 
- power contractors; 
- electrical power supplies; 
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- system for compressed-air preparation. 
The precise study of combination or sequential cycle is 

square up to phases keyboard mediation. The analysis of this 
keyboard will lead to a Karnaugh keyboard. 

C. The implementation of electropneumatic circuit such 
that the pistons of the cylinders follows one of the diagrams 
presented in Fig. 1.  In Fig. 1 are presented two diagrams that 
must be simulated and implemented on the real platform: the 
L cycle and the square cycle. 

 
 

A+ 
A- 

B- 

B+ 

A+ A-

B+ 

B- 

 
Fig 1. Cycles diagrams 

The circuit is firstly simulated using FluidSIM simulation 
software using a implementation. 

A numbering system is used to identify individual 
components in a electropneumatic circuit diagram as follows: 

- 0 – air service unit; 
- 1.0, 2.0, 3.0, …- actuating devices; 
-  .1  - control elements; 
- .01, .02 , … - elements between the control elements 

and the actuating devices. 
The power elements are in general the cylinders. Each of 

them is denoted with a capital letter A, B, C,… etc. ans it is 
supplied by a distribution valve. After the simulation using 
FluidSIM software, the circuit must be implemented on the 
real platform Pneumatic Union and to compare the 
experimental results with the simulation results. 

 

B. Applications in control of electrohydraulic systems 

 
The Festo Didactic Learning System for Automation is 

designed to meet a number of different training and vocational 
requirements. The systems and stations of the Compact 
Workstation (Fig. 2) facilitate industry-orientated vocational 
and further training and the hardware consists of didactically 
suitable industrial components. 

 
Training contents covering the following subjects can be 

taught: 
• Mechanics 
– Mechanical construction of a station 
• Process Engineering 
– Reading and drawing flow charts and dokumentation 

• Pneumatics 
– Piping connections of pneumatic components 
• Electrical technology 
– Correct wiring of electrical components 
• Sensors 
– Correct use of sensors 
– Measuring of non-electrical, process and control variables 
• PLC 
– Programming and use of a PLC 
– Programming of alternative (OR) branches 
– Fieldbus technology 
• Closed-loop control technology 
– basics of closed-loop control technology 
– Extension of measuring chains into closed control loops 
– Analyze a closed-loop system 
– P, I, D - control 
– Optimize a closed-loop system 
• Closed-loop controller 
– Configuration, assigning operation parameters and 

optimization of a 
closed-loop controller 
• Commissioning 
– Commissioning of a closed-loop system 
– Commissioning of a process engineering system 
• Fault finding 
– Systematic fault finding on a process engineering system 
– Examination and mantainence of a process engineering 

system 
– Operation and observation of a process 
 

 
Fig. 2 Experimental plant FESTO Compact Workstation 

In Fig. 3 some of the windows of the interactive interface 
of the plant FESTO Compact Workstation is presented.     
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Fig.3a. Virtual configuration of analog sensors for experimental platform 
FESTO Compact Workstation    

 
 

 
Fig.3b. Virtual model of experimental platform FESTO Compact Workstation 
for level control 

 
 

 
Fig.3c. Interactive interface for a PI controller 

Fig. 3 The interactive interface of the plant FESTO Compact Workstation 

V. CONCLUSIONS 
In this work an Interactive Teaching System for Simulation 

and Control of Electropneumatic and Electrohydaulic Systems 
is presented. This system is based on FluidSIM and LabVIEW 
software. FluidSIM is a teaching tool for simulating hydraulic 
and pneumatic basics and runs using Microsoft Windows. 
LabVIEW is a soft that uses graphical programming.  
Graphical programming provides a more intuitive experience. 
The interactive virtual system can be used in combination 
with Festo Didactic training hardware, but also independently. 
The presented interactive teaching system allows an 
improvement in electropneumatic education and training. The 
experiments touch on the important problems for educational 
electropneumatic and electrohydraulic implementations. The 
system has didactic properties such as modularity of the 
package, friendly graphical user interfaces and so on. The 
interactive system helps students to understand and compare 
different modeling methods. The package can be easily 
extended with new experiments. 
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Abstract 

European Qualification Framework in Open and Distance Education 

highlights issues such as content and existing concepts reusability, 

orchestrating tools for learning, adaptability and learner –centrics 

themes in curricula. This paper reports on preliminary findings and 

the process of the design and development of an e-learning activity, 

based on characteristics of the constructivist approach: Instructional 

Design tools have been applied in a Focus Group research context 

using Learning Activity Management System. The basic idea has 

been to engage Hellenic Open University tutoring staff in the design 

of distance learning activities by making use of Communities of 

Practice (CoPs) practices, using their educational experience as a 

springboard to implement effective learning activities mediated by 

LAMS and facilitated by an Instructional Designer. The designed 

activity was actually implemented in a distance education setting, on 

undergraduate students of HOU in a senior undergraduate course on 

Artificial Intelligence at the School of Science and Technology, 

during the first semester of 2012-3.  

 

Keywords: learning sequence, constructivism, participatory design, 

communities of practice, empirical research  

 
I.INTRODUCTION 

There has been a global movement to implement modern 

education technologies in universities [1]. Strategies that 

promote high quality learning are not reliably integrated into 

practice causing students’ dissatisfaction with key aspects of 

University teaching.  

Distance education places emphasis on a learner centered 

curriculum, using international standards, various delivery 

methods and reusable resources [2]. Novel approaches in 

distance learning include:  

 turning away from debating on the relative virtues 

and merits of distance education and considering 

instead the nature of learning and the educational 

value of a course’s structure and content, 

 planning, implementing, and reviewing of each 

educational intervention on its own merits, 

 seeing any distinctions between distance education 

and educational technology as becoming increasingly 

meaningless in the new planning continuum.  

 

 

 

 

As a result of the relative sparseness of face-to-face contact, 

instructors are strongly encouraged to develop strategies and 

instruction that leads to high interaction, such as, 

communication, participation and feedback. Objectives of 

Open and Distance Learning (ODL) frameworks provide 

structures that foster contribution, assessment, and reuse of 

concepts and content in a secured and controlled manner. 

Knowledge Management (KM) tools such as Content 

Management Systems and Learning Management Systems 

motivate and support information and knowledge: basically all 

requirements and components of KM are reflected in the 

learning, teaching and research processes of academic 

organizations [3] so the academic organization can be seen as 

a metaphor for knowledge management.   

 

II.BACKGROUND 

The Hellenic Open University (HOU) (http://www.eap.gr) 

provides at-a-distance education taking into consideration a 

founding tenet for the universal access of students to 

educational resources. Although it is the major Hellenic 

organization of Distance Education, it uses so far traditional 

practices in Distance Learning, as well as media such as 

printed materials, interactive audio or video conferencing and 

electronic mail. However, academic standards in Higher 

Education and learner centered approaches in delivering 

learning content emphasize the need for introducing blended 

learning models on which students select content, arrange it in 

various schemas, interact with content in various formats, 

reflect on their learning experience. 

TheEducational Content Methodology and Technology Lab 

(http://www.eeyem.eap.gr ) is a service unit of HOU 

supporting Hellenic Open University in designing educational 

practices by developing educational content and material, 

implementing new methodologies in curriculum design 

practice and providing HOU educational staff with 

infrastructure and scaffolding for implementing new 

methodologies in adult education practice.  

ICT 31 is a senior undergraduate thematic unit (TU for short; 

though the terms module and course are also of use) of 

Computing, where students have already advanced skills in 

ICT, and the particular unit has a relatively long tradition of 

utilizing a variety of asynchronous and synchronous e-

learning technologies to support tutoring. The title of this TU 

is “Artificial Intelligence-Applications” and the subjects 
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covered are: (1) Artificial intelligence and expert systems, (2) 

Neural networks and applications, (3) Genetic algorithms and 

applications. Tutors and learners participate in five (5) face-

to-face sessions, during an academic year. The designed 

activity focuses on state-space-representations for problem 

solving, which is a central concept in artificial intelligence and 

constitutes one of the key introductory subjects of the course, 

spanning 3-4 weeks of studying to the tune of about 2 ECTS 

worth of effort. The implemented activity was scheduled for 

the 3rd week of the course, which means that students are only 

just getting to speed with the course content; as such, the 

activity must focus on key issues and avoid complex cases 

that would be fitter in a more advanced audience. 

  

III. THE PROPOSED APPROACH: INSTRUCTIONAL 

DESIGN AND COMMUNITIES OF PRACTICE 

 

Instructional Design is focused on establishing and 

maintaining efficient and effective human participation, 

carried out systematically and based on open system theory: 

discovering quantum leaps in productivity improvement 

through human ingenuity [4]. Communities of Practice (CoPs) 

operate as “social learning systems” where practitioners 

connect to solve problems, share ideas, set standards, build 

tools and develop relationships with peers and stakeholders. 

Groups that are involved in Participatory Design consist of a 

diverse group of professionals who use specialized forms of 

communication. A salient benefit of communities, in fact, is to 

bridge formal organizational boundaries in order to increase 

the collective knowledge, skills, and professional trust and 

reciprocity of practitioners who serve in these organizations 

[5]. With Participatory Design the technology producer and 

user roles are co-identified.  Although Participatory Design 

can take many forms, it is based on the underlying belief that 

the user involvement in the design activity is central to 

technology innovation, revealing insights of the design 

process. The participants’ varied opinions and perspectives are 

considered and fed back into the design cycle at prescribed 

intervals in order to better address the situated problems and 

issues. This bottom up approach necessitates commitment, 

trust and close communication between all participants, with 

value placed on their unique insights and ideas regardless of 

status authority [6]. 

 

IV. THE ACTIVITY DESIGN CHARACTERISTICS 

 

A.The LAMS platform 

 

The Learning Activity Management System (LAMS) provides 

a web-based environment for the creation, sharing, running 

and monitoring of Learning Designs. The visualization is 

based on boxes representing discrete activity tools (forum, 

chat, quiz, content, etc.) which are connected together using 

arrowed lines to indicate the flow of tasks. Learning design is 

a “descriptive framework of activity structures that are 

designed following many pedagogical methods” [8]. The most 

important promise of learning design is that sharing of good 

teaching and learning ideas [8]. Broad adoption of learning 

design framework with LAMS depends largely on the spread 

of relevant knowledge throughout the teaching community. 

The system is an environment for supporting, distributing and 

creating of learning sequences by providing tools for 

managing educational content, assessment, and cooperation. 

Shared learning designs need to be based on sound 

pedagogical principles [9] which should be supported by the 

learning design tools. As the online tools are adopted by an 

increasing number of users, a professional framework needs to 

be put in place for two purposes: 1) to educate users about 

learning design based on pedagogical principles, 2) to 

facilitate adoption in alignment with pedagogical goals set at 

institutional level. Pedagogical techniques need to be shared 

online and linked to learning design objects to enhance the 

sharing and re-use experience [8], [9]. 

 

B.The Activity Design  

 

The most effective learning activities are those that are 

problem-centred and involve the student in activation of prior 

experience, demonstration and application of concepts to real-

world settings [5]. Learners, according to the basic design 

characteristics of the activity: a) went beyond memorization, 

b) brought in their own experience, c) used the ideas and 

concepts in the material and applied them, d) learned by 

doing, e) reflected on their own thoughts and feelings. At 

relevant activity sections learners had to analyze and evaluate 

(critical thinking), suggest solutions (creative thinking), make 

decisions and show problem solving skills. The aim of the 

activity has been to provide opportunity for students to use the 

conceptual tools of the discipline, and through collaborative 

interaction socially construct knowledge: students actively 

debated similar to what they would encounter as curriculum 

professionals. 

For the activity design LAMS (http://www.lams.org) has been 

used. HOU Tutoring Staff designed the activity based on a) 

educational content used, b) learners’ needs and profile. 

LAMS implements a learning design framework using open 

source for product development . Activity’s  learning theme 

has been Problem Solving, and basic concepts and principles 

of solving a problem .The Problem Solving method involves a 

number of distinct steps to be followed to achieve a solution. 

The whole procedure is like a spiral: (1) describe the problem, 

(2) describe the results you want, (3) collect information, (3) 

think of solutions, (4) choose the best solution, (5) implement 

the solution, (6) evaluate the results and make necessary 

amendments and (7) reenter the design spiral at any step to 

revise as necessary. In the learning activity we present in this 

paper, we have implemented a specific problem in the context 

of AI-related search, where all the above referenced steps can 

be put in practice in a straightforward fashion. The solution is 

based on search techniques that the students have been 

introduced to in the regular course of the study module. We 

have designed our learning activity attempting to address a 

disciplined introduction of the students to the above series of  

steps. Instructional Design principles have shifted from 
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designing instruction for face- to- face practices to distance 

education and the e-learning format. A central feature of 

LAMS is the visual authoring environment, where educators 

use a drag-and-drop environment to create sequences of 

learning activities. The design steps applied to develop a 

constructivist, e-learning activity have been the selection of 

educational content used, the developing of Learning 

Outcomes in a hierarchical way, the use of a Learning Design 

sequence in the format of a LAMS activity to engage HOU 

undergraduate students in interacting with the educational 

material used and undertaking active learning principles. To 

provide a structure and foundation of the learning process, the 

format of a LAMS learning sequence has been used in an 

effort to intrigue student participation, expression and 

reflection.  

 

C.The Constructivist Design Rationale  

 

Constructivism is a learning theory; therefore instructional 

designers face a challenge in attempting to translate 

constructivism into instructional design through a pragmatic 

approach that focuses on the principles of moderate 

constructivism and makes use of emergent technology tools. 

The application of constructivism to instructional design has 

benefits such as delivering more meaningful learning 

outcomes, supporting more independent problem solving 

skills, and providing for more flexibility in the design and 

instruction of activities.     

Emphasis in the design approach has been placed on the 

students’ interactivity to the educational content, using an 

authentic problem solving activity, multiple perspectives and 

representations. In short, the designed learning experience has 

been structured by (4) components: Learning Outcomes 

(LOs), Educational Content, learning activity format (LAMS 

sequence) and Assessment Tasks. The initial design of the 

LAMS activity is presented as follows: 

 

  
 

Figure 1 and 2: LAMS Activity sequence in TU ICT31on LAMS and 

conceptual map of educational content used 
 

Examples and conceptual tools were incorporated to explain 

ideas. Content sequencing has started with an introduction to 

the activity and gradual exploration from more simple to 

advanced concepts of Problem Solving. Learning Outcomes 

(LOs) as sentences which indicate what students are expected 

to know, informed students of what was expected from them 

as well as indicated what would be important in assessing the 

course. The Bloom Taxonomy has been used so as to form 

Learning Outcomes. 

 

D. Key Concepts in Teaching State Space Representations  

 

Automated problem solving is one of the main objectives of 

Artificial Intelligence (AI). There are many AI approaches for 

solving problems. One of them is the state space approach. 

The "state space" of a problem is a directed graph whose 

nodes represent all possible "states" of the problem and arcs 

represent all possible "transitions" between states. A state 

refers to a snapshot of the problem's world. Arcs are labelled 

by the name of the corresponding "action or transition 

operator". An action operator represents an action in the real 

problem, which if applied to a state, under certain conditions, 

results in another state. Arc directions indicate transition 

directions.   

So, problem solving consists in searching a path from an 

"initial state" to a "final or goal state" through "intermediate 

states".  There are states in the graph, which have no incoming 

arcs. Those states are called "unreachable states" and there is 

no way to reach them from any other state through any 

possible transition. Given that searching in trees is more 

effective than searching in graphs and that a directed graph 

can be easily transformed to an acyclic directed tree, search is 

finally done on such trees, called search trees. A search tree 

represents a certain problem, where initial and goal states are 

given. The initial state is the root of the tree. The nodes of a 

search tree represent states and labeled branches represent 

transitions with corresponding action operators. Finally, a 

solution to the problem is a sequence of action operators 

whose consecutive application leads from the initial state (the 

root of the tree) to the goal state (a leaf of the tree) through a 

number of intermediate states. In the learning activity we 

present in this work, we have implemented a specific problem 

in the context of AI-related search, where all the above 

referenced steps can be implemented in a straightforward 

fashion. The solution is based on search techniques that the 

students have been introduced to in the regular course of the 

study module. As a matter of fact, the activity we have 

implemented provides a comprehensive treatment for the first 

three steps, while the students are guided to implement the 

rest. Thus a conceptual map has been designed and 

implemented, based on the state space representation of the 

potential solutions. Then, by introducing suitable transition 

operators, the students are guided to construct the search tree 

and finally to apply the suitable search algorithm to find the 

solution of the problem.       

 

V. THE RESEARCH PROTOCOL: PARTICIPATORY 

DESIGN MEΤΗΟDOLOGY AND FOCUS GROUPS 

 

Elements of Participatory Design such as design discourse, 

design work and design planning have contributed to the 

LAMS learning activity design process: communicating ideas 

and arguments, conceptualizing, brainstorming, building and 

redesigning, defining the framework through goal setting, 
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scheduling and assigning roles [6]. The key to the successful 

application of our understanding of Communities of Practice 

to Participatory Design rests in the development of a strong 

understanding of the elements that are important to a 

Community of Practice and leveraging them accordingly, 

elements that provide a generic framework that allow for the 

adaptation of Communities of Practice to the Participatory 

Design context.  

A Focus Group approach [10] has been selected and 

conducted in HOU tutors so as to reveal their experience on 

educational practice and design rationale on the learning 

activity with LAMS. Three members of ICT31educational 

staff participated at the design phase alongside an 

Instructional Designer of the research team of E-Co-MeT Lab, 

responsible for supporting and scaffolding the design team at 

the design process of the LAMS sequence: the LAMS 

learning sequence has been designed by the three (3) HOU 

educational staff members who acted as designers and e 

moderators in the designed activity.  As a product of the Focus 

Group, context qualitative data have been collected. During 

the implementation phase of the LAMS learning activity to 

students of HOU, quantitative data have been collected. As 

design tools, provided by the Instructional Designer, we have 

used: a) flashcards presenting the tools of LAMS, b) Bloom’s 

taxonomy (Anderson and Krathwohl, revised 2001) [11] for 

forming educational goals of the activity, c) a conceptual map 

for producing the hierarchy of the educational content used in 

the form of concepts’ net, designed by the three (3) members 

of educational staff, facilitated by the instructional designer of 

E-Co-MeT Lab.  

 

A. THE ACTIVITY IMPLEMENTATION: TESTING WITH 

HOU STUDENTS  

 

In the constructivist approach content cannot be pre-specified: 

the breaking down of context into component parts has been 

avoided but there has been an effort to design an activity on 

which knowledge, skills and complexity naturally co-exist. To 

ensure students’ access to the platform a testing access period 

has been scheduled, a week earlier than the actual 

implementation of the activity in a real educational context. 

This week functioned as a preparatory phase as most ICT 31 

students had no prior knowledge and experience of LAMS.      

                  

VI ANALYSIS-DISCUSSION 

 

Focus Groups (FG) have been used as a qualitative data 

collection method between the Instructional Designer and 

Lecturers of HOU in the basis of a specific research agenda.  

A FG protocol has been designed and conducted [10]. This 

approach has been selected for a) yielding a large amount of 

information in a short period of time, b) being amiable in 

organizations introducing innovation, c) accessing a broad 

range of views on a specific topic. The group dynamic and 

diversity provided data, well grounded on social and cultural 

norms already developed in the group: FGs reveal the 

pervasiveness of these norms in the community, and tutors’ 

opinions and experience regarding distance educational  

practice.  

The Focus Group approach allowed for emergence of issues 

on a) educational content, b) HOU educational practice, c) 

HOU Tutors’ experience regarding the actual running of 

courses. The basic aim of the two (2) FGs’ sessions however 

has been the selection and forming of the Learning Outcomes 

of the ICT31 LAMS activity. Qualitative data revealed that a) 

students’ attendance in HOU is rather assessment centered, 

focusing on exams and essays rather than time schedules and 

organized study of official HOU’s educational content, b) the 

need for supporting students’ prior knowledge in Mathematics 

and Programming so as to be able to cope with and 

successfully complete  TU ICT31.  There has been a creative 

process of selecting educational concepts, putting them in a 

hierarchy so as to produce the learning objects (LOs) of the 

activity. Table 1 presents findings of the two (2) sessions of 

FGs regarding HOU’s educational practice and Lecturers’ 

experience on the actual running of ICT31 course.  

 
TABLE1  

THEMES FROM THE (2) FGs SESSIONS 

 

Focus 

Groups Data 

Axes 

Themes in FGs 

Category I Category 

II 

Category 

III 

Category 

IV 

HOU 
Educational 

Practice 

Assessment-
driven learners 

Lack of 
interaction 

between 

tutors and 
students 

Students’ 
lack of 

motivatio

n 

Study based 
on exercices 

HOU 

Educational 

Content 

Readers’ 

understanding 

by students 

Students do 

not ask 

questions 

Readers’ 

heterogen

ity 

Students do 

not study  

theory 

Media Use 

 

 

Preference to 

student Forums 

 

Preference 

to Moodle 

Preferenc

e to email 

and 
telephone 

contact 

Portal use 

for 

educational 
content, 

assignments 

 

Changing 

 Educational 

Practice 

Robustness in 

presenting the 

educational 
material 

Forming 

minor 

Learning 
Objects 

Comparin

g 

concepts, 
theories, 

methodol

ogies in 
Readers’ 

closing 

section 

Need for 

semester 

exams 

 

 

HOU Tutors have used the Instructional Design tools provided 

by the Instructional Designer so as to select and actually form 

the educational content used in the activity. The HOU Tutors 

selected the learning theory of constructivism, triggering 

students’ active engagement in the learning environment 

constructing new knowledge by interacting with the Learning 

Objects provided. The HOU Tutors arranged the selected 

educational content according to the LAMS design tools on 

which they structured their learning activity.  Constructivist 

learning theory, which focuses on knowledge construction  

based on learner’s previous experience, is a good fit for e-

learning because it ensures learning  among learners [12], 
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[13]: exploration is a favored approach while higher order 

thinking skills and deep understanding are emphasized 

making use of learners’ experience. The design of learning 

activities included assets such as cooperation, multiple 

perspectives, real world examples, scaffolding, self-reflection, 

multiple representations of ideas, and social negotiation. The 

learning assessment elements consisted of instructor 

assessment, collaborative assessment, and self-assessment. 

The instructor’s roles were coaching, guiding, mentoring, 

acknowledging, providing feedback, and assessing student 

learning.  

HOU Tutors have been the e moderators of the activity. The 

research team from E-Co Me T Lab provided technical 

support to both HOU Lecturers and students. The LAMS 

activity tools that actually structured the constructivist activity 

have been the following: Noticeboard, Share Resources, Chat, 

Submit File, Multiple choice questions, Pixlr. These are 

distributed according to the following axes: 

 
TABLE 2 

BASIC PEDAGOGICAL AXES AND LAMS ACTIVITY TOOLS USED 

 
 

 Basic Pedagogical Axes 
Content 

Presentation 

Collaboration Assessment 

Lams 

Activity 

Tools Used 

1.Noticeboa

rd 

1.Share 

Resources 

2.Chat 

1.Submit File 

2.Multiple Choice 

Questions 

3.Pixlr 

 

 

A constructivist approach to learning focuses on the 

development of problem solving and thinking skills [13] 

Implementing a constructivist approach to learning requires 

that students be exposed to complex activities such as 

engaging and reflecting, annotating, questioning, answering, 

pacing, elaborating, discussing, problem solving, linking, 

constructing, analyzing, evaluating, and synthesizing [12].  

The HOU Tutors selected an array of LAMS tools to develop 

the learning activity. The Chat tool has been used extensively 

(7 times) for achieving synchronous communication between 

learners and tutor. The Noticeboard tool has been used three 

(3) times, while Share Resources five (5) times. The Submit 

File tool has been used three (3) times for submitting 

assessment tasks.  The Multiple Choice Questions tool has 

been used just once, while the PixlR Tool has been used also 

for once. Basic constructivist strategies of the activity have 

been a) authentic learning in the sense of facilitating and 

simulating a real life problem, b) the creation of a 

collaborative learning environment, for comparing 

perspectives, c) measuring control over the construction of 

content. Τhe following LAMS tools have been linked to  

concepts of educational content used in the ICT31 LAMS 

Activity  :  

One LAMS tool that actually has been used extensively in the 

ICT 31 LAMS designed learning activity was the Chat tool so 

as to enable synchronous interaction between HOU Tutors and 

students. However its use did not seem to fulfill designers’ 

expectations regarding its role in successfully completing the 

activity. There have been technical problems regarding the use 

of Chat: grouping could be a mode for students to respond to 

the designed tasks, and the extended use of the Chat tool 

proved rather tiresome and discouraging for students. 

Students’ participation in Chat however has been quite 

superficial: motivating students (pre-service teachers) to 

engage in deep learning using online collaboration tools is 

difficult for designers to tackle with [14]. Although the 

majority of students participated in the learning design tasks 

with LAMS, their contribution was presented mostly in the 

form of simple statements. More sophisticated contributions 

(ie. inquiry-based argument or evaluative, evidence-based 

position-taking) were represented in much lower proportion of 

the student contributions.  The Multiple Choice Questions 

Tool presented just one question whereas a possible set of 

questions could be more intriguing for students to think about 

and happily interact with these. Students seem to have 

difficulties in completing the activity whereas the File 

Submission was a task that a minority of students achieved. 

The total number of students registered for completing the 

activity has been about 200 The Table below provides a short 

presentation of the students actually using and completing the 

tasks on  Assessment Tools used for the 10 classes of HOU in 

ICT31 (4 in Athens, 2 in Thessaloniki, 1 in Patras, 1 in 

Herakleion, 1 in Pireus): 
TABLE 3 

LAMS ACTIVITY TOOLS USED FOR ASSESSMENT AND NUMBER OF 

STUDENTS ENTERING/ COMPLETING THE ACTIVITY 
 

LAMS Activity 

Tools used for 

Assessment 

Students Entering 

the Activity 

Students 

Completing the 

Activity 

“Multiple  

Choice 

Questions” 

84 69 

“Submit File_1” 74 21 

“Submit File_2” 54 18 

“Submit File_3” 48 10 

 

VII EVALUATION 

 

A short questionnaire has been delivered electronically to 

HOU students who participated in the activity. The 

questionnaire items have been developed on the basis of the 

following categories: a) students’ attitude on using LAMS, b) 

students’ attitude on educational content used, c) attitudes on 

using types of LAMS tools. Students’ competence on the 

designed activity emerged from the students’ rate of 

completing the ICT31 Lams activity. The majority of students 

were between 26-35 and 36-45 years old, with most of them 

working and having a family. The majority of students 

answering the questionnaire had everyday access to a PC, 

whereas οnly 14 out of 36 students had attended an e-learning 

course before (not necessarily in HOU educational context). 

Students have been moderately satisfied by using the LAMS 

tools such as Feedback, Assessment, Cooperation tools and 

Information tools. Regarding the clarity of the Learning 

179



Outcomes of the activity students answered that they found 

moderately clear the LOs provided. They also answered that 

they had been moderately motivated from LAMS tools to their 

learning as well as moderately satisfied by the instructions 

provided by the LAMS tools. The following figure presents 

students’ attitudes regarding the use of the LAMS Assessment 

tools in the ICT31 Activity: 

Extremely

Very

Moderatel
y

 
 

Figure 3: A pie chart graph showing ICT31 Students’ attitudes on LAMS 

Assessment Activity tools used  

 

VIII CONCLUSIONS AND FURTHER DIRECTIONS  

 

The main purpose of ODL frameworks is to support teachers 

and instructors in contributing, assessing and reusing concepts 

and content in a secure and controlled manner supported by 

the use of Open Standards (i.e. standards that are defined and 

implemented by a large number of universities and/or 

companies). The fact that LAMS is not included in the 

institution’s formal requirements makes it very hard for 

teachers to believe that the idea of adopting LAMS is feasible, 

despite the positive opinion about the product. Despite the 

positive attitude towards its potential benefits to pedagogical 

processes LAMS’ adoption in practice has been uneven, 

reflecting how difficult it is to incorporate a new technology 

based concept into the everyday practice of the educational 

process. A range of pedagogical approaches, however, can be 

represented and implemented within LAMS and shared with 

other educators to compare their acceptance and success levels 

with a given student group. 

There has been an effort to create a learning design based on 

constructivist approach and implement it in real educational 

practice. Tutors’ and students’ participation in the research 

scheme has been quite limited. Themes regarding HOU’ s 

educational practice, ICT tools used and TU’s educational 

content have emerged out of FGs sessions. Students have been 

moderately satisfied by their learning experience using 

LAMS, the Activity Tools used for designing the activity and 

have been moderately motivated on participating in the 

designed activity. Content and more importantly its design in 

prompting cognitive activities among learners is prompted by 

rapid KM advent to become the core business of any e-

Learning or distance learning organization. For the next of the 

LAMS activity implementation phase students’ feedback is 

going to be considered for reshaping elements of the designed 

activity: making adjustments to the learning sequence 

designed, filtering the LAMS tools used according to the 

pedagogical underpinnings and Learning Outcomes of the 

designed experience.  Although LAMS is capable of 

supporting a range of pedagogical approaches, there are 

obstacles posed by the technical and cultural issues, 

particularly the increased work load associated with the 

adoption. For that reason extra effort is going to be made in 

redesigning the activity, limiting the work load for students 

when accessing and completing the activity.  
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Abstract 1— Systems engineering is a discipline to guide the 
engineering process of complex systems. It has its roots in the 
military domain, where it helped to combine multiple technical 
disciplines into advanced systems. Today, systems engineering 
principles are applied successfully in many application areas and 
complex computer-based systems is one of the most common 
ones. In this paper we describe how a systems engineering course 
can serve as a backbone for the computer engineering curricula. 
The main importance lays in the fact that today the students 
should not only know the components of systems, but also about 
the nature of the life cycle, the role of requirements analysis and 
different aspects of requirements, understand different types of 
specifications, learn how to use specifications throughout the 
design process, learn about systems testing, maintenance and 
management, get acquainted with project management 
principles, version management and quality assurance. In our 
approach the system engineering course is an introductory 
course for the entire curricula and the projects stemming from 
that course will be continuously developed throughout the other 
courses. The know-how introduced in that course will be 
gradually enforced with the follow-up courses, although these 
courses do not focus directly on systems engineering issues. 

 

I. INTRODUCTION 
Modern computer-based systems are becoming increasingly 

complex. Such systems contain software modules, middleware, 
operating system running on sophisticated hardware platforms 
and much more. There are also very stringent requirements on 
power and energy consumption, physical size and weight, user 
interface and similar issues. Therefore modern computer 
engineers cannot concentrate only on very narrow topics but 
they have to be able to see the big picture. Especially, when 
they lead design or engineering teams. 

Another great challenge is the multidisciplinary nature of 
modern engineering systems, well explained by Craig and 
Nagurka [1] and illustrated on Figure 1. It means that the 
engineers must comprehend also various other components, 
such as sensors, actuators, communication and control sub-
systems, user interfaces and even the operating environment 
of the final system. This information must be considered 
starting from the beginning of the design process, through the 
                                                 
1 This work has been partially supported by the EC through the LLP project SALEIE and 
by the European Regional Development Fund through the Centre for Integrated 
Electronic Systems and Biomedical Engineering - CEBE. 

synthesis, integration and optimization phases. And therefore 
modern engineers must have disciplinary depth and 
multidisciplinary breadth. Good balance between theory and 
practice.  

In many areas of engineering we have seen similar 
challenges and how they have benefitted by following the 
principles of a discipline called Systems Engineering. In 
computer engineering this has not been very widespread and 
rarely covered in university programmes. However, there are 
many similarities such as requirements development, design, 
integration, verification and validation, testing, and 
maintenance. 

In this paper we will describe how systems engineering 
course can be beneficial for the computer engineering 
curricula and how different course can take advantage of 
systems engineering principles. The rest of the paper is 
organized as follows. The next chapter describes the concept 
of systems engineering and introduces systems-of-systems. It 
is followed by a short description of the Computer and 
Systems Engineering curricula at Tallinn University of 
Technology. The fourth chapter introduces the systems 

Figure 1. Modern multi-disciplinary engineering systems [1]. 
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engineering course and in the fifth chapter we will describe 
how the systems engineering course can improve the entire 
curricula. 

 

II. SYSTEMS ENGINEERING 
International Council on Systems Engineering (INCOSE) 

has defined systems engineering as an interdisciplinary 
approach and means to enable the realization of successful 
systems [2]. The underlying principle is systems thinking. 
How different components interrelate and how they act 
together as a whole. Important aspect is also understanding 
how systems fit into the larger context of day-to-day life, how 
they behave and how to manage them. 

 

 
Figure 2. INCOSE Vee model. [Image by MIT OpenCourseWare] 

 
One possible way to illustrate the concept of systems 

engineering is to use Vee model. The Vee model is used to 
visualize the system engineering focus, particularly during the 
concept and development stages. The Vee highlights the need 
to define verification plans during requirements development, 
the need for continuous validation with the stakeholders, and 
the importance of continuous risk and opportunity assessment. 

The Vee model provides a useful illustration of the systems 
engineering activities during the life cycle stages. In the Vee 
model, time and system maturity proceed from left to right. 
The core of the Vee depicts the evolving baseline from user 
requirements agreement to identification of a system concept 
to definition of systems components that will comprise the 
final product. With time moving to the right and with the 
system maturity shown vertically, the evolving baseline 
defines the left side of the core of the Vee. As entities are 
constructed, verified and integrated, the right side of the core 
of the Vee is executed [2]. 

One of the biggest challenges is that systems engineering is 
still one of the least understood engineering principle. 
Systems engineering today guides each system development 
by the use of heuristics learned by each practitioner during the 
personal experimentation of a career. The heuristics know by 
each differ and consequently the value of systems engineering 
has been difficult to evaluate [3]. 

With the introduction of the international standard ISO/IEC 
15288 in 2002 [4], the discipline of systems engineering was 
formally recognized as a preferred mechanism to establish 
agreement for the creation of products and services to be 
traded between two enterprises – the acquirer and supplier. 
But even this simple designation is often confused in a web of 
contractors and subcontractors as the context of most systems 
today is as a part of a “system of systems.” 

Systems-of-systems (SoS) are defined as an interoperating 
collection of component systems that produce results 
unachievable by the individual systems alone [5]. The 
following challenges all influence the development of systems 
of systems [2]: 

1. System elements operate independently. Each system 
in a system of systems is likely to be operational in its 
own right. 

2. System elements have different life cycles. SoS 
involves more than one system element. Some of the 
system elements are possibly in their development life 
cycle while others are already deployed as operational. 
In extreme cases, older systems elements in SoS might 
be scheduled for disposal before newer system 
elements are deployed. 

3. The initial requirements are likely to be ambiguous. 
The requirements for a system of systems can be very 
explicit for deployed system elements. But for system 
elements that are still in the design stage, the 
requirements are usually no more explicit than the 
system element requirements. Requirements for SoS 
mature as the system elements mature. 

4. Complexity is a major issue. As system elements are 
added, the complexity of system interaction grows in a 
non-linear fashion. Furthermore, conflicting or 
missing interface standards can make it hard to define 
data exchanges across system element interfaces. 

5. Management can overshadow engineering. Since each 
system element has its own product/project office, the 
coordination of requirements, budget constraints, 
schedules, interfaces, and technology upgrades further 
complicate the development of SoS. 

6. Fuzzy boundaries cause confusion. Unless someone 
defines and controls the scope of a SoS and manages 
the boundaries of system elements, no one controls the 
definition of the external interfaces. 

7. SoS engineering is never finished. Even after all 
system elements of a SoS are deployed, 
product/project management must continue to account 
for changes in the various system element life cycles, 
such as new technologies that impact one or more 
system elements, and normal system replacement due 
to preplanned product improvement. 

It is obvious, that the modern engineers must be aware of 
and mitigate the risk of each of these seven challenges. The 
same applies also for students – tomorrow’s graduates must be 
able to work with and to develop very complex systems. And 
the complexity of modern systems is continuously increasing. 
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III. COMPUTER AND SYSTEMS ENGINEERING CURRICULA AT 
TALLINN UNIVERSITY OF TECHNOLOGY 

The Master’s programme in Computer and Systems 
Engineering focuses on designing and using complex modern 
computer systems. As part of the programme students cover 
such subjects as innovation and entrepreneurship, hardware 
systems design and modelling, computer architecture and 
programming, software project management and databases, to 
name but a few. 

Students can choose between the following two 
specialisations: 

 Computer Systems Design – focusing on the modelling, 
analysing, designing and testing of complex systems 
consisting of both hardware and software components; 
or 

 Automation and Systems Engineering – focusing on the 
modelling, analysing and designing of automation and 
computer control systems. 

Courses are divided between four study modules – three 
common ones and one for each specialization.  

The learning outcomes of the curricula are defined as 
follows: The graduate: 

 has systematic overview and broad knowledge of the 
concepts, theories and research methods in the field of 
computer and systems engineering; 

 knows theoretical developments, actual problems and 
possible applications ways within the study field; 

 can identify and formulate interdisciplinary connections 
in domains related to computer systems applications; 

 can independently and creatively recognize and define 
problems and/or research topics within the study field; 
and can solve them using proper methods while taking 
into account given constraints, using knowledge from 
other domains if necessary; 

 can choose, reason and use suitable methods and 
technologies for solving domain specific tasks; and to 
model and/or assess possible consequences; 

 can critically assess one’s own professional actions 
when solving domain specific problems and/or research 
questions; 

 has knowledge of basics of entrepreneurship, 
innovations and creative problem solving; 

 is ready to work at a position, both in domestic and 
foreign companies, that requires professional 
qualifications, showing initiative, responsibility, ability 
to lead and to work together with others in a team; 

 is able to present and give arguments verbally and in 
written form concerning the domain specific problems, 
conclusions and the underlying theories; as well as to be 
able to participate in professional and nonprofessional 
discussions on this domain; 

 is able to participate in research activities and to 
continue in doctoral studies. 

The main focus of the curricula is on handling complex 
systems and to deal with interdisciplinary aspects of such 
systems. However, until recently the curricula did not contain 
any courses that would address systems engineering explicitly. 

Various courses focused on specific types of systems, such as 
embedded systems, digital systems, control systems etc. But 
none of the courses was following the principles of systems 
engineering and consequently addressing poorly the 
challenges of creating complex systems-of-systems. Therefore, 
a new course – IAF0320 - Computer Systems Engineering [6] 
– was introduced to the curricula. 

 

IV. COURSE OVERVIEW 
The Computer Systems Engineering course is the first 

semester course and mandatory for all students of that 
particular study program. 

The aims of the course are: 
 To give an overview of the systems engineering 

discipline, to introduce the main principles and history. 
 To describe the nature of life cycle and its role in 

systems engineering. 
 To explain the role of requirements analysis and 

different aspects of requirements. 
 To give an overview of different types of specifications, 

to learn how to use specifications throughout the design 
process. 

 To introduce architectural design and its implications. 
 To learn about systems testing, maintenance and 

management. 
 To get acquainted with project management principles, 

version management and quality assurance. 
 To learn how to develop complex hardware-software 

systems. 
Having completed the course a student: 
 has an understanding about the systems engineering 

principles and knows the terminology 
 recognizes the need for a disciplined approach to 

system development 
 knows different requirements analysis techniques and 

knows how to apply one of a range of techniques to 
elicit and then describe the requirements for a particular 
system 

 recognizes the characteristics of a high quality 
specification and can create a high quality specification 
of a given system 

 knows how to select and implement an appropriate 
approach to design for a range of possible applications 

 recognizes the range of tests appropriate for each stage 
of the systems life cycle 

 selects an appropriate combination of tests for ensuring 
the quality of a system 

 understands the nature of maintenance in computer 
systems engineering 

 recognizes and knows how to address the major 
problems of project management in computer 
engineering including multi-disciplinary issues 

 knows the main design steps for designing complex 
computer-based systems 

The course does not have any particular prerequisites and is 
suitable for any engineering student. However, as the focus is 
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on computer-based systems, we assume some previous 
experience, either from the software or hardware domain. 

The course contains a limited amount of lectures (max 1 
hour per week), individual reading assignments and project 
work. The project work is giving 70% of the final grade and it 
is divided into teamwork and individual assignments. 

The goal of the project is to apply the system engineering 
methods and tools to a topic that fits to students’ 
interest/background/daily life. Acceptable topic examples 
include:  

 Design of a new system (technical organizational, 
enterprise level, etc.). The project must have enough 
detail so that it can demonstrate the use of the methods 
and tools taught in the class. 

 In-depth investigation of a successful or failed project. 
 The system must include (at least) software and 

hardware, preferably more. 
 The goal of the project is to apply the system 

engineering methods and tools to a topic that fits to 
students’ interest/background/daily life. Acceptable 
topic examples include:  

Some examples of the 2012 projects: UAV based aero 
mapping solution; Smart house control; Video wallpaper; 
Smarthome with a smartphone; Engineering Tablet; Robot 
vacuum cleaner. 

In all project the students have to perform various tasks, 
starting from the project definition, ending with 
implementational details.  

They have to justify different aspects of the project, such as: 
 Financial (Development, production, market potential). 
 Engineering effort (availability of components, existing 

systems, etc.). 
 Technology (new or proven technologies). 

Students have to identify stakeholders and perform 
preliminary needs analysis. Also, they have to devote a 
significant time to explore different concepts and to define the 
concept to be chosen for development. Finally the students 
have to develop a formal model of the system or subsystem 
and to refine the requirements. The projects should follow 
loosely the systems development flow defined in [7]. All these 
assignments were completed in a team of three students.  

In addition they have to complete an individual assignment, 
where they have to describe any issues (e.g., incompleteness, 
inconsistency, ambiguity, redundancy, unsoundness, etc.) that 
were encountered in the informal preliminary definition. They 
have to describe how such issues were resolved, what the 
choice was and why that particular choice was made (to bring 
out the design rationale).  

As a result the students will get hands-on experience in the 
field of systems engineering and will understand the various 
steps a systems engineer must follow in order to drive an idea 
into the completion. It is important to note that due to the 
limitations of the course the students will not reach to any 
actual implementation.  

 

V. SYSTEMS ENGINEERING ROLE IN A CURRICULA 
During the Systems Engineering course the students define 

a concept and refine the requirements of their system. 
However, during the course students do not perform any tasks 
related to the actual development of these systems. Instead, 
the course is tightly linked to subsequent courses of the 
curricula. Namely: Microprocessor Systems, Systems-on-Chip 
Design, Digital Systems Design, Technology Enterprise 
Creation and Financing, Software Project Management, 
Embedded Systems, and others. Previously, during these 
courses students usually developed either smaller systems or 
components of bigger systems. But these courses had weak 
links in-between them and the students did not receive a 
holistic view of systems development.  

The Systems Engineering course serves now as a backbone 
of the curricula. The systems (or components of the systems), 
initially defined within the Systems Engineering course, are 
further developed within the respective courses. The students 
can always concentrate on development cycle, not to deal with 
problem formulation. Different courses have different focuses 
but finally all courses are contributing towards the same 
objective. 

In 2012 we had the first offering of the Systems 
Engineering course. As of today, we have not yet integrated 
all courses, but the process is ongoing. 

The feedback we received from the students was very 
encouraging. For them the main problem was the initial phase 
of the course. They expected that the course is mostly about 
developing and not about reasoning, analysis and evaluation. 
However, once they got it, they were very satisfied. 

 

VI. CONCLUSIONS 
We have described how Systems Engineering course, as the 

initial course of Computer Engineering curricula, can improve 
the entire curricula. Although the course is very different from 
traditional engineering courses, it can serve well as a glue in-
between other courses.  
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Abstract— The development of LED technology has brought in 

large number of lighting applications and solutions for business 

owners. LED offers one of the most versatile, durable, economic 

and low power consuming solutions in the lighting arena. The 

innovation project described in this paper was carried out in 

spring 2010 for a local small size industrial company that designs 

and manufactures LED lights and lighting systems. The company 

gave a task to design a new sauna lighting system utilizing 

modern multi-colour LEDs.  The primary goal was to create an 

innovative way to control LED lighting in a sauna. All final year 

students participated in that project and they formed four 

separate design groups that were formally competing against 

each other.  All groups found many new ideas of which they 

selected some and made a working prototype. The company 

leaders selected the best prototype as the winner. As a result, the 

company got a lot of good ideas and is using those in many of 

their products today. And the students managed to reduce the 

gap between the studies and real life work. The working together 

with industry experts, creative designers, leaders and even 

members of board took along the students to the most 

challenging problems of the day with a high motivation level. 

 

Keywords— Active learning, Peer evaluation, Design-build, 

Electronics engineering 

I. INTRODUCTION 

The Finnish sauna is a substantial part of Finnish culture. It 

is a place to relax with friends and family, and a place for 
physical and mental relaxation as well. Finns think of saunas 

not as a luxury, but as a necessity. There are over two million 

saunas in Finland [1]. In a five million inhabitants country this 

means that practically every family has an own sauna. Many 

Finns even have two saunas: the second one mainly for 

recreational purposes in connection with their summer holiday 

villas. 

It is likely that the Finnish people have had the sauna for 

about two thousand years, although the oldest known 

documents only date back about half of this time. At its most 

primitive form, the sauna was probably a pit dug into a slope, 

with a heap of heated stones in one corner. The dugout 

developed into a four-cornered log hut with an earth floor and 

a chimneyless stove. This served as both a primitive dwelling 

and a bath. There was smoke in the room when the stove was 

being heated, but afterwards it vanished, leaving behind a 

smoky smell. The next step was the addition of a chimney to 

the stove, which was then heated just once each time. Later 

came a newer type of stove which could be kept hot by 

continuous heating. [2] 

Today the Finnish word sauna may refer to a building or 

just a room with wooden walls, floor and ceiling. There is a 

stove, called kiuas, which is heated with wood or electricity. 

The top of the stove is covered with a thick layer of natural 

stones, which radiate the heat to the room.  

Humidity is regulated by small doses of water ladled 

repeatedly onto the kiuas stones. The resulting vapour, rising 

from the stones, is called löyly. The temperature varies 

between 70 and 100 °C. Bathers warming up in the hot room 
help perspiration by using whisks made of tender birch twigs 

called vihta. Warming-up is followed by washing and cooling 

off; arrangements for cooling off in the open air are 

welcomed. 

And what kind of lighting is in the sauna? Before the 

electric light people used burning shingles, candles or oil 

lanterns in the sauna room or bathed in almost darkness, 

which is still quite common habit especially for those having a 

traditional smoke sauna. When the electric light became more 

common, bathers began to use electric lamps with medium or 

low power incandescent light bulbs generating an indirect dim 

lighting (Figure 1). However more recently governments 

around the world have passed measures to phase out 

incandescent light bulbs for general lighting, to encourage the 

use of more energy-efficient lighting alternatives. Phase-out 

regulations effectively ban the manufacture, importation or 

sale of current incandescent light bulbs for general lighting. 
The regulations would allow sale of future versions of 

incandescent bulbs if they are sufficiently energy efficient. 

At the same time alternative lighting sources has evolved. 

The first high-brightness blue LED was demonstrated by Shuji 

Nakamura in 1994 [3]. The existence of blue LEDs and high-

efficiency LEDs quickly led to the development of the first 

white LED, which employed a phosphor coating to mix down-

converted yellow light with blue to produce light that appears 

white. With the development of high-efficiency and high-

power LEDs, it has become possible to use LEDs in lighting 

and illumination. Replacement light bulbs have been made, as 

well as dedicated fixtures and LED lamps. 
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Figure 1 Inside view of conventional Finnish sauna. Sauna lighting is 

arranged typically with incandescent bulbs located under the sauna benches. 

The advent of LED technology has brought in huge number 

of lighting applications and solutions for business owners. 

LED offers one of the most versatile, durable, economic and 

low power consuming solutions in the lighting arena. Several 

leading brands and firms have invested in the LED technology 

to provide innovative solutions for a variety of business 

requirements. At the same time new business ideas will bring 
lots of new companies to this lighting sector. 

Although sauna is the most sacred concept of Finnish 

culture and the Finns certainly are conservative what comes to 

sauna lighting, the large number of saunas in Finland and 

worldwide makes it a potential environment for new 

innovative lighting applications. In Finland, there are couple 

of companies who have specialized in designing and 

manufacturing LED lighting products for residential 

applications. One of them contacted us and asked help for new 

ideas for sauna lighting. That company was founded at the 

turn of millennium as a one-man, one-product and one-

customer business. In the beginning, it focused on supplying 

LED-fibre optic lights for luxury taxis. Soon afterwards, the 

founder saw an opportunity to develop ambient sauna lighting. 

The new light was tested in hot conditions of spa saunas, and 

it was deemed to be a well-functioning solution, helping to 

bring an everyday luxury into every home. One of the oldest 
products of that company was a LED-spot and interior light 

kit based on simple white LEDs. The company had 

manufactured and marketed those kits years with success but 

evolving LED technology with multicolour LEDs formed a 

potential basis for novel applications. 

The project described in this paper was carried out in spring 

2010. The leaders of that company gave us a task to design a 

new sauna lighting system utilizing modern multicolour 

LEDs.  The primary goal was to create an innovative way to 

control LED lighting in the sauna. All final year students 

participated in that project and they formed four separate 

design groups that were formally competing against each 

other.  

II. THE BEGINNING 

Sauna is in many ways one of the key ceremonies in 

Finland. In business, some of the most important networks 

and decisions may be made in sauna. Therefore, in this project 

where the goal is to design a new type of sauna light, the 

sauna forms a natural environment for a kickoff meeting. In 
the meeting the students meets the company leaders and get an 

idea of what the company really needs. They get the basic 

specifications and the time schedule is agreed. For most 

students this kind of meeting is the first time when they 

actually take part in a real electronics design work. They learn 

that there are a lot of other questions than just technical ones. 

To get a real product the most important issue is to be the first 

on the market and the product has to be better and cheaper 

than what the competitors have. 

The kickoff sauna meeting motivates the students in the 

real environment of the goal product. After the relaxing sauna 

and some refreshments the actual work begins. Students 

decide to form four groups. The groups are competing against 

each other to ensure that the designs are different. The teacher 

is a supervisor whose role at this point is just guiding the 

groups, not giving any ready answers. It is important to give 

some directions or potential ideas how to carry on with the 
design. Especially specific to electronics is that building even 

the simplest device requires a relatively great deal of 

theoretical knowledge.  Although the students are in the final 

year and they already know a lot of theoretical and technical 

stuff, they don’t have much design experience and knowledge 

of the real electrical engineering covering the whole design 

chain from start to finish. With no or little experience the 

designing can stop even for simple reasons. Therefore, the 

students need some hints to get over many basic problems 

every now and then. And the pressure of the real world with 

deadlines is something that can't be taught it has to be 

experienced.  

In modern design work you have to have cooperative skills. 

You have to be capable to work in groups, because modern 

work in engineering fields is often too complicated for an 

individual.  In this project each group has four or five 

members. The actual work is divided to pieces. Each group 
member has an own role and task for the design such as the 

selection of the controller, the PCB layout design, the power 

supply design, the selection of auxiliary boards (switches and 

display) and the selection of components. The group has to 

order the components themselves in cooperation with the 

company. Especially the price is an important question. As a 

real product the sauna light can't be too expensive. The budget 

was set to 30 €. 
 

III. THE STRUCTURE OF THE COURSE 

A. Review Meetings During The Course 

In an innovation-type of course it is more challenging to 

give basic ideas or fundamental concepts of necessary topics 

required in the design so that a student can participate the 

project and later enter in industry as a graduate if not as an 

expert but at least as an experienced novice. This is one reason 

we decided to have review meetings during this course. The 

review meetings were necessary also because the company 

provided financial support for this course. 
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The innovation project course had a length of one semester. 

Therefore, the time schedule was pretty tight. The groups had 
only about three months effective time for the development of 

the ideas and then design, construct and test their chosen idea.  

There were three review meetings during the course which 

were evenly distributed during the semester. To get the 

students familiar with the work in a real world the review 

meetings were arranged so that there were also two 

representatives from the company in addition to the teacher. 

The company representatives were usually the owner or CEO 

of the company and the industrial designer they have 

commonly used in their earlier product designs. At the 

meetings groups presented the status of their work. After this 

the groups got as much constructive positive or negative 

feedback as possible. In order to give the students all the 

necessary tools to carry out the demanding design work the 

company representatives and the teacher tried to tell the 

groups hints of what are great good design concepts and what 

are bad.  
The design of electronic devices requires a lot of 

knowledge beyond the standard circuit design. Topics such as 

thermal questions, reliability, electromagnetic compatibility 

and boundary conditions due to directives, standards and 

patents always set lots of special requirements for the device 

design. Designing electronics to fulfill all of these demands is 

for the first time usually quite confusing. Electrical equipment 

has to fulfill all standards and directives and it has to be safe 

and reliable and it can't be expensive. 

 

B. Building and Testing 

 

All groups designed and built a prototype of their idea. 

They designed all of the electronics including the PCB boards, 

built those and made various tests. Most of the groups did two 

or three versions. PCB layout was not a simple task at all. 

Designing of electronics typically needs at least two or three 

rounds of prototyping. 

 

Fig. 2  One group testing their work 

As the schedule was tight students got a good sense of real 

world. It is typical that there always is too little time for 

designing. They had to work long days just to get everything 

done in time.  
The selection of the components wasn't a simple task either. 

Occasionally happened, that some particular component 

wasn't in stock anywhere. And because the time schedule was 

tight then the worst usually took place as said in the Murphy’s 
law. This lead to redesign and new component selection. 

The prototype tests included just basic tests of functioning 

and thermal measurements. Some basic EMC (Electro-

magnetic Compatibility) test were also performed. Most of the 

real test was left out of this course because of the limited time. 

This work was just the first prototype that does the functions 

that where included in the specifications. The actual product 

tests require more time consuming testing according to 

directives and standards. 

C. The Goal 

At the last checkpoint the winner group was declared. The 

best version had many different functions. It was formed of a 

central controller and slave units. The controller could be used 

to dim the lights, change the color of the light and even do 

various special effects. The only limitation was the 

imagination. They group had even thought about how to 

design the actual product not just the prototype. 

As a result, the company got a lot of good ideas and is 

using those in many of their products today. And the students 

managed to reduce the gap between the studies and real life 
work. The working together with industry experts, creative 

designers, leaders and even members of board took along the 

students to the most challenging problems of the day with a 

high motivation level. 

IV. SUMMARY OF THE COURSE 

 
Students were really satisfied with this type of a course, 

because the course summarised almost everything they have 

learned in electronics and electrical engineering. They got a 

basic idea of real electrical engineering in the field of modern 

electronics design and building of electrical products. 

Designing of mass product needs special skills, that can only 

be learned in the real world not in school. 
The course taught also us as an educator a lot. Setting up a 

course that includes everything learned so far and leads to an 

engineer that can enter in industry if not as an expert but at 

least as an experienced novice. 
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Abstract— The human knee joint has a three dimensional 
geometry with multiple body articulations that produce complex 
mechanical responses under loads that occur in everyday life and 
sports activities. Numerical tools such as the finite element 
analysis are suitable for such modeling and can be used with 
success by students as well as experienced researchers alike. 
These tools have been used to develop an accurate human knee 
joint model to study its mechanical behavior, as part of an 
advanced undergraduate final year project in a mechanical en-
gineering department. To evaluate the effectiveness of this 
articulated model, static load cases were used for comparison 
purposes. 
 
Keywords— biomechanics, finite element modeling, knee joint, 
anterior cruciate ligament (ACL), tendon graft 

I. INTRODUCTION 

The human knee joint has a three dimensional geometry 
with multiple body articulations which produce complex 
mechanical responses, both actively and passively, under 
loads that occur in everyday life and sports activities alike. In 
this joint, the anterior cruciate ligament (ACL) is crucial in 
keeping normal knee functions ([1]). When injured it is treated 
with surgical reconstruction as its failure results in joint 
instability in the anterioposterial direction, inhibiting walking. 

The mechanical behavior of this important structure has 
been studied experimentally ([2]-[4]). Various applications in 
biomechanics have long demonstrated that realistic 
mathematical modeling is an appropriate tool for the 
simulation and analysis of complex biological and physical 
structures such as the human knee joint although they cannot 
be fully validated always ([5]). This is due to material 
properties which have a wide range of values, compared to 
man made materials, and the complex geometry of the 
systems modeled. During the past two decades, a number of 
analytical model studies with different degrees of 
sophistication and accuracy, have been presented in literature 
([6]-[11]). Previous attempts to model the ACL mechanics 
employing a computer model have assumed different 

approaches, where either the ligament behave as a bundle of 
multiple fibers with a non-isometric behavior ([12]), or not 
([13]). 

In this work the efficacy of an accurate three dimensional 
geometric model of the knee structure developed previously 
by the authors (Fig. 1) is being evaluated. This geometric 
model was the input for the development of a finite element 
model, implemented to study knee joint mechanical behavior 
in everyday life conditions and in sports activities. The current 
work aims to verify the developed F.E. model, by employing 
experimentally validated static load cases presented in 
literature. Two different studies were implemented for this 
evaluation. In the first study, linear material properties were 
employed, while in the second study non-linear material 
properties were chosen. The purpose of this differentiation 
was to investigate differences in the analysis effected by linear 
and non linear material properties in the model behavior and 
response as well as differences in calculated results for the 
load cases studied. Part of this work was implemented in two 
different advanced undergraduate final year projects in the 
mechanical engineering department of the TEI of Crete. 

II. METHODS 

As part of the continuously evolving undergraduate degree 
in Mechanical Engineering offered by the TEI of Crete, a 
number of final year projects are on subjects that provide an 
opportunity to the students to gain experience in a practical, 
effective, efficient, and beneficial manner of what has been 
studied during the undergraduate course. Demanding projects 
will provide engineering experience and exposure to the full 
rigor of engineering practice, by exposure to and practice of 
all the engineering methodologies involved. A good example 
of this enhanced final year project is this topic where 
undergraduate students develop a geometric model of a 
complex human tissue structure, validate it, identify loads for 
application to and perform a numerical analysis using 
commercial numerical tools. Such an exercise demands a 
good knowledge of core mechanical engineering subjects, 
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such as strength of materials and material properties, while 
employing a mature development technology, the finite 
elements method, for study purposes. The latter technology is 
learned by the students in an informal but self-regulated 
manner during the course of the final year project. 

For the development of a joint three-dimensional geometric 
model of the knee, three-dimensional scanned data were used. 
The assembled three-dimensional knee joint geometric model 
entities were input to the finite element analysis module in a 
commercial software tool. The details of the development of 
the geometric models and the finite element model have been 
described previously ([14]). In this work, the model was 
discretized using 5,812 three dimensional solid elements. 
Material properties of the individual parts of the assembly 
were assumed to be linear elastic while in the current study 
both linear and non-linear models have been developed for 
comparison purposes. Constrains, which define the degrees of 
freedom each knee joint element has, were drawn from 
literature and assigned to geometric entities. The response of 
the finite element model under simplified real life static load 
cases, drawn from literature, is studied and evaluated for 
validation purposes. The linear response of the developed 
finite element model was verified for both stress and strain 
analysis, in the case where increased loads produce increased 
stresses and strains, for each type of load. This is the expected 
response for the model, since linear materials were used in the 
study. 

The current work aims to further verify the developed 
model, by employing static load cases presented previously 
([1]), which had been validated experimentally. Load cases 
presented in this work were applied in the developed model 
and the calculated results were compared. Two different 
studies were employed for the evaluation of the current model. 
In the first study linear materials were employed ([14]), while 
in the second study non-linear material properties, following a 
non-linear hyper-elastic law, satisfying the neo-hookean 
equation, also drawn from literature ([15]), were applied. 

In order to verify the current finite element model with [1] 
the load cases studied for the intact knee model were applied 
in this instance. The femur was subjected to a posterior 
horizontal force. Ten different load cases were studied with 
different force magnitudes, as in [1], starting from 10 N and 
reaching 100 N in a 10N step for both the developed F.E. 
models (linear and non-linear materials). Comparative force-
displacement graphs were produced. 

III. RESULTS AND DISCUSSION 

Fig. 2 shows the calculated displacement values for the 
different force load cases studied in both models developed in 
the current study and the Moglo - Shinazi model. It is clear 
that the developed models have similar response to the 
experimentally verified model of Moglo – Shinazi, with the 
values calculated being very close. The average difference 
between the equivalent calculated values is about 21% for the 
posterior/anterior ligament displacement in the case of the 
linear model, while the same difference is about 15% for the 
non-linear material properties model, showing that the non-

linear model produces more accurate results. The average 
difference between the results obtained from the linear and the 
non-linear model is about 2% for the medial/lateral ligament 
displacement and about 6.5% for the posterior/anterior 
ligament displacement. These results show that the studied 
loads are within the linear region of the non-linear material 
properties, and therefore the small differences. This is 
reasonable as the load cases selected are taken from everyday 
human activities. 

The results obtained from this validation indicate that the 
developed finite element knee joint model is reliable, as the 
results obtained from the studied loads and the response of the 
model are consistent with a model in literature, which has 
been verified experimentally. 

 

 
Fig. 1  Knee model - (1) Femur, (2) Lateral collateral ligament, (3) Medial 
collateral ligament (4). Anterior cruciate ligament, (5) Posterior cruciate 
ligament, (6) Tibia, (7) Fibula 

 

 
Fig. 2  Displacement for different loads studied in the model developed in this 

study (linear and non-linear material properties) and the Moglo - Shinazi 
model ([1]) 

As far as model definition is concerned, linear material 
properties were easier to solve, while not particularly accurate 
in modeling human tissues. Non linear material properties, on 
the other hand, often require a large number of experimental 
data to be acquired and have been used in literature lately for 
the definition of different human parts. Non-linear materials 
more accurately simulate ligament and graft tissues 
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mechanical behavior, as it was determined in the current study. 
Non-linear model produced more accurate results, for the load 
cases studied. Both linear and non-linear material models have 
similar stress, strain and displacement results, showing the 
similar behavior of the two models for the load cases studied. 
Higher stress values were calculated in the areas were the 
ligaments connect with the bones and in the middle of the 
ligaments. This agrees with most real life injuries, especially 
in the ACL, which is the most common injury in athletes. Fig. 
3 shows the stress distribution in the ligaments for the load 
case of 100N in the model with linear materials. 

 
(a) ACL 

 
(b) ICL 

 

(c) MCL 

 
(d) PCL 

Fig. 3 Stress distribution in MPa for the load case of 100N in the ligaments 
for the model with linear materials. 

Fig. 4 shows the strain distribution on the knee model with 
linear materials for the load case of 100N in the 
posterior/anterior direction. The maximum displacement in fig. 
4 is in the negative direction, due to the orientation of the 
coordinate system used in the model. As it is expected, due to 
the applied constrains, which fix the tibia and the fibula at 
their free ends and bonds together the rest of the knee joint so 
as to work together as a structure, the maximum displacement 
was calculated at the top end of the femur bone in all load 
cases studied. 

 

 
Fig. 4  Displacement distribution in mm in the post/ant direction for knee 

model with linear materials for the load case of 100N. 

With loads higher than the ones presented in the studies 
employed for the evaluation of the current model, linear 
materials develop linear response, as expected, while non-
linear materials produced much higher stresses indicating 
knee ligaments failure, as it was expected for these loads. 

Both models, the one with linear and the one with non 
linear material properties, showed similar response for the 
load cases studied and proved that material properties were 
not critical to correctly identify human knee failure 
circumstances for the loads studied. 
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IV. CONCLUSIONS 

A realistic three dimensional finite element model of the 
knee joint which incorporates bone structures as well as 
ligaments and menisci was developed and a number of 
analyses for static loads for an intact knee model were 
performed and the following conclusions were drawn: 
 the model developed has calculated stresses and 

displacements that were within the material elastic 
range, which is the expected response for the load 
magnitudes involved  

 the stress distribution calculated in the knee ligaments 
is within reason, while no high values of stresses 
developed at connection points to the bone structures 
of the knee. If these were present it would have 
numerical artifacts and not real physical phenomena  

 the material properties used were linear elastic and 
non-linear, and produced comparable results for stress 
and displacement with other validated models which 
used hyper-elastic material properties. 

 the model developed was validated against the results 
produced by other numerical models, which in turn had 
been validated experimentally. 
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Abstract: -. Invention technical field is the areas of: 

Photovoltaic solar panel for electricity production, 

desertation ground effect through the forthcoming 

extensive use o solar panels, Rainwater harvesting, 

Irrigation and ground fertilization. The main idea 

of the invention is to collect rainwater on the lower 

edge of a photovoltaic panel and store it in a tank. 

With this water we subsequently can: irrigate the 

land for agriculture use, collect local or away the 

water for any other use, refrigerate the 

photovoltaic back or front panel, clean the glass of 

the panel surface.  

Results are soil cultivation for plant or animal 

production, greenhouse effect improvement, 

photovoltaic panel lower temperature with 30% 

efficiency, photovoltaic front panel glass cleaning 

with better efficiency. All process are handled by 

PLC, a programmable Logic Computer. According 

to the desired use there are 7 system 

configurations: lake reservoir fill, animal farm 

irrigation, back cooling, front glass cooling, dual 

cooling, front glass cleaning, Full feature system. 

 

Key-Words: -Photovoltaic, irrigation, 

global warming, Agrorobots 

 

I.  INTRODUCTION  

A. Field of the Invention 

Invention technical field is the areas of: 

 Photovoltaic solar panel for electricity production. 

 Desertation ground effect through the forthcoming 

extensive use o solar panels. 

 Rainwater harvesting. 

 Irrigation and ground fertilization. 

B. Current level 

Bible research refers: 

Old testament , Genesis 3 

22 Then the Lord God said, ‘See, the man has become 

like one of us, knowing good and evil; and now, he might 

reach out his hand and take also from the tree of life, and 

eat, and live for ever’—  
23

therefore the Lord God sent him forth from the garden 

of Eden, to till the ground from which he was taken. 

 
24

He drove out the man; and at the east of the garden of 

Eden he placed the cherubim, and a sword flaming and 

turning to guard the way to the tree of life. 

Where till is = To prepare (land) for the raising of crops, 

as by plowing and harrowing; cultivate. 

 

We name this new photovoltaic after the first farmer, 

ADAM. 

 

The idea for the invention gave the idea to prepare a huge 

photovoltaic park of 6000 acres at my home city of 

Kozani, Greece. There and all around the globe mankind 

violate this fundamental God’s will by replacing crops 

raising with metallic photovoltaic scaffolds. The main 

concept is  ground fertilization  for animal graze. The 

water is collected through the photovoltaic panel for 

ground irrigation as the vital first step to give life to the 

desert of photovoltaic parks. 

 

C. Soil agricultural use and cultivation 

The forthcoming years land fields will be shifted from 

agriculture use to electricity generator fields. These fields 

for half a century will be devoted to non food industry. 

As a principle and as a practical use this is unacceptable. 

God Angels taught humanity to cultivate area of 
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agricultural land thousands of years ago. Human race 

must reserve this last resort of land specially in our times 

with all these so called climatic changes. 

D. Rainwater Harvesting & Irrigation 

Rainwater Harvesting is a very old technique. By 

collecting rain water at a huge photovoltaic park we can 

cover any irrigation load and mainland need. The sky 

reservoir has practically unlimited water capacity. [1, 2, 3, 

4, 5]. 

E. Cooling the photovoltaic panel  

Modern Photovoltaic panel they suffer from high 

temperature [6, 7, 8, 9, 10]. The amount of electricity that 

they can accumulate is lowered radically with 

temperature increasing as in the table below. 

 
The table indicates that a 20 degree elevates Voltage 

output of the photovoltaic panel from 0.4 to 0.55 volts. 

Therefore we try to cool down the photo cell. 

F. Cleaning the photovoltaic panel 

Photovoltaic front panel glass are getting dirty from dust, 

seeds, chemical rain etc. This dirty is expressed in 

percentage of the surface covered by spots. A negative 

processed photo of a panel proves this coverage. [11, 12, 

13, 14] 

 

 
 

The white spots prevents light to enter the panel. Every 

single spot must be cleared away to increase panel 

efficiency. 

    

 

II. DISADVANTAGES AND ADVANTAGES 

 

A. Panel temperature 

 

Current technology disadvantage is  

 

 photovoltaic panel electricity generation efficiency 

decreases with panel temperature.  

We convert it into an  advantage with our invention 

 Back inside panel refrigeration through a closed water 

cooled loop. 

 Front glass panel refrigeration through a water 

spraying system. 

 The grass below reduces total system temperature 

through ground water vaporization  

 

B. Panel cleaning 

Current technology disadvantage is  

 

 photovoltaic panel electricity generation efficiency 

decreases with dust, chemical or other spot on the 

cover panel glass..  

We convert it into an  advantage with our invention 

 Cleaning while water spraying with  

  a windshield pantograph type cleaner  

 or roll brush. 
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C. Fotovoltaic desert 

Current technology disadvantage is  

 

 In the near future million acres of fertile ground fields 

will be covered with plastic and metal solar panels. 

Results will be desertation  temperatuture increase, 

greenhouse effect because the reduce of CO2 plant 

incorporation. 

 Water apart from cultivation is necessary for industrial 

use.  

We convert it into an  advantage with our invention 

 By bringing water resources next to the panels we 

permit agriculture or animal farm use. 

 The grass below the panel helps greenhouse effect. 

 Capability to create unlimited water resources to open 

reservoirs for industrial use 

 

 

 

 

 

 

 

 

 

III. DRAWINGS 
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Figure 1, Rain collection and irrigation system 

 

There are 13 major components: 

1=The commercially available Photovoltaic unit 

2=Rain falling over the cell surface rolling down to 3 

3=Horizontal collector that guides water to the tank 4 

4=Tank open or sealed according to application 

5=Pipe under pressure from water tank to irrigation 

subsystem 6 

6=Various types commercially available Irrigation 

subsystem. 

7=Spray, drop brinks water to earth. 

8=Grass, plants or other types of agriculture.  

9=Cooling the photo-cell backplane by ground 

vaporization 

10= A valve or open circuit feds rain water directly to 

11=pipeline to external reservoir 

12=huge reservoir 

PLC, a programmable Logic Computer 

price and pays off the supplier. 
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Figure 2, BACKPLANE cooling system
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Figure 2 BACKPLANE cooling system 

 

 B1=Photovoltaic base unit 

 B2=Cooling exhanger the hot part 

 B3= Cooling exhanger the cooling part 

 B4=circulator motor 
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 C1=inside the tank water valve to pump 

 C2=pump that drives the water from the pump to the 

Sprayer 

 C3=Water sprayer directs water to solar panel upper 

surface 
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Figure 4, Frontplane cleaning  system

Στέδιο 4,  Σσζηημα καθαριζμού επιθανείας πάνελ

D1

D2a1
1

a2
2

3
a3

4
a4

b1

b2

b3

b4

5

6

7

8
GND

0

PLC

Figure 4 Frontplane cleaning  system 

 

 

 

REFERENCES: 
[1.] F Boers, T. M. and J. Ben-Asher (1982). "A review of 
rainwater harvesting." Agricultural Water Management 5(2): 145-158. 

[2.] Cheng, C. L. and M. C. Liao (2009). "Regional rainfall level 

zoning for rainwater harvesting systems in northern Taiwan." 
Resources, Conservation and Recycling 53(8): 421-428. 

[3.] Helmreich, B. and H. Horn (2009). "Opportunities in 

rainwater harvesting." Desalination 248(1-3): 118-124. 
[4.] Morrow, A. C., R. H. Dunstan, et al. (2010). "Elemental 

composition at different points of the rainwater harvesting system." 

Science of The Total Environment 408(20): 4542-4548. 
[5.] Su, M.-D., C.-H. Lin, et al. (2009). "A probabilistic approach 

to rainwater harvesting systems design and evaluation." Resources, 

Conservation and Recycling 53(7): 393-399. 
[6.]  Skoplaki, E. and J. A. Palyvos (2009). "On the temperature 

dependence of photovoltaic module electrical performance: A review of 

efficiency/power correlations." Solar Energy 83(5): 614-624. 
[7.] Alonso García, M. C. and J. L. Balenzategui (2004). 

"Estimation of photovoltaic module yearly temperature and performance 

based on Nominal Operation Cell Temperature calculations." 
Renewable Energy 29(12): 1997-2010. 

[8.] Skoplaki, E., A. G. Boudouvis, et al. (2008). "A simple 
correlation for the operating temperature of photovoltaic modules of 

arbitrary mounting." Solar Energy Materials and Solar Cells 92(11): 

1393-1402. 
[9.] Skoplaki, E. and J. A. Palyvos (2009). "Operating 

temperature of photovoltaic modules: A survey of pertinent 

correlations." Renewable Energy 34(1): 23-29. 
[10.] Wang, G., R. Hu, et al. (2010). "The effect of temperature 

changes on electrical performance of the betavoltaic cell." Applied 

Radiation and Isotopes 68(12): 2214-2217. 
[11.] (2003). "Cleaning photovoltaic modules." Photovoltaics 

Bulletin 2003(2): 14-14. 

[12.] Ji, J., J.-P. Lu, et al. (2007). "A sensitivity study of a hybrid 
photovoltaic/thermal water-heating system with natural circulation." 

Applied Energy 84(2): 222-237. 

[13.] Krauter, S. (2004). "Increased electrical yield via water flow 
over the front of photovoltaic panels." Solar Energy Materials and Solar 

Cells 82(1-2): 131-137.  

 

 
 

197



Collaboration Framework in the EViE-m Platform 
Kostas Kapetanakis1, Haroula Andrioti2, Helen Vonorta3, Marios Zotos4, Nikolaos Tsigkos5, Ioannis Pachoulakis6 

Department of Applied Informatics and Multimedia, Technological Educational Institute of Crete 
Heraklion, Crete, Greece 

1kapekost@epp.teicrete.gr, 2mtp1@edu.teicrete.gr, 3tp3289@edu.teicrete.gr,  
4epp2355@edu.teicrete.gr, 5epp2211@edu.teicrete.gr, 6ip@epp.teicrete.gr 

 
Abstract— Within the context of a 3D interactive strategy game, 
the EViE platform allows participants to unlock game features 
using their knowledge and skills in various thematic areas such 
as physics, mathematics, etc. By answering questions organized 
by Educational Objective in stratified levels of difficulty, users 
gather points which grant them access to desired world elements. 
Richer world components become increasingly more difficult to 
access, so that a players’ individual (or cumulative if in a group) 
knowledge, ability and / or dexterity is directly reflected by the 
level of complication of their virtual world. In the present article 
we report on the communication architecture of the platform 
and focus on framework components that allow group activities 
such as cooperation (within the group to facilitate e.g., 
collaboration on more difficult problems), (inter-group) 
competition as well as practice and skill honing activities (in 
single or in multi-player mode).  

 
Keywords— Virtual Worlds, EViE-m, Xj3D libraries 

I. INTRODUCTION 
Modern technological advances, especially in the area of 

virtual reality (VR), offer unique real world emulation where 
people directly visualize the consequences of their actions. 
Virtual environments where users can build up their own 
virtual worlds assist in extending knowledge and spatial 
memory [1] and are more effective in practicing material [e.g., 
2]. However, a shift of focus from simple task completion to 
building conceptual actions may be necessary to change the 
perception of knowledge [3]. In addition, adaptive systems 
that are based on students’ learning ability and learning style 
improve their learning achievements. In fact, adaptation 
according to learning style accelerates the learning process [4]. 
Other attempts, such as in [5] extend traditional e-Learning 
systems by providing interacting platforms for students to 
contribute and socialize. By adopting an agent-based swarm 
intelligence system to manage the group learning path and 
resources, [6] show that various characteristics of system 
behaviour correlate with user satisfaction and with learning 
benefits, supporting that users of such learning environments 
outperform users of more generic web-based learning 
environments. Educational games combine mental ability, fast 
thinking and effort to make the right choices under pressure in 
order to implement strategies to overcome obstacles in the 
game [7]. 

The EViE platform is being developed by a small 
community of programmers and researchers aiming to provide 
a robust virtual educational environment to aid the learning 
process [8]. The platform in particular [9-11], implements a 

strategy game that uses mathematical knowledge to unlock the 
more advanced features and discriminate among users based 
on mathematical ability and dexterity [12]. The platform 
offers a virtual environment (a sample runtime screenshot 
appears in Fig. 1) based on 3D graphics and can be adapted in 
various educational areas. We have already adopted EViE for 
high school level Mathematics and refer to it as EViE-m. The 
core of the platform is written in Java and utilizes OpenGL in 
conjunction with Xj3D libraries to display the 3D world and 
support user interactions. 

In addition, a Network Module (NM) is implemented in the 
main platform to provide multiplayer gaming experience via 
peer-to-peer connection between network-enabled instances. 
An initial implementation using JXTA peer-to-peer 
connection [13] surfaced numerous JXTA-related bugs and 
was abandoned in favour of a custom-made peer-to-peer 
connection framework, which is described in this paper. 
Platform users are called to construct a virtual city using a 
variety of structures such as houses, hospitals, police stations, 
shops and cinemas, access to which is granted through 
answering correctly multiple-choice questions or work out 
short problems. Some of the structures have prerequisites, 
meaning that access to a desired construct is granted through 
collecting points and adding lower-level constructs. Questions 
are organized by difficulty level and also by Educational Goal. 

 

 
Fig. 1  Sample user view of the EViE-m environment 

 
The Xj3D browser is an open source, cross platform X3D 

player [14]. Central rendering algorithms operate within Xj3D 
libraries which utilize OpenGL. Scene navigation operations 
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and the triggering events from external resources such as 
mouse and keyboard are managed by Xj3D components. 
Game start-up creates the virtual environment and initializes 
the proper components to utilize user interactions. Users may 
select single-player or multi-player mode through the main 
panel. In single-player mode, a user starts with zero points and 
uses main panel buttons to pick a desired construct to insert to 
the world, after which event a question and possible answers 
appear. A correct answer allows instantiating the structure in 
the world. The more questions are answered correctly, the 
more points are accumulated and more structures are unlocked. 
As the game progresses more advanced questions appear. 

In multi-player mode, the same logic is implemented for a 
world which is now common to the entire group. Additionally, 
a Text Communication Module provides inter-communication 
between users to facilitate the collaboration. In such a context, 
individual user and team scores are maintained. 

The paper is structured as follows: Section II describes the 
main platform modules and their functionalities and Section 
III discusses platform setup. Section IV provides a 
development guide and, finally, Section V discusses core 
classes and the game logic. We conclude with a presentation 
of our future plans. 

II. MAIN MODULES 
The EViE platform is built around modules which are 

combined during initialization and game play. For instance, 
the Question Manager (QM) module provides proper XML 
files for the Educational Objectives and the Questions per 
such objective. Entering multi-player mode enables the Team 
Selection (TS) module which controls peer creation and team 
joining or leaving, the Intra-Communication (IC) module that 
processes the intra-system messages in order to provide 
server-independent peers, and the Text Communication (TC) 
module which combined with the Information (I) module 
control an Instant Messenger and a floating window that 
contains two tabs: the instant messenger and the information 
panel. 

A. The Question Manager module 

As referred in [16], the EViE-m platform implements a 
stand-alone application written in java to manage the available 
questions. The tutor can add/edit/delete an Educational 
Objective (EO) and the questions under each EO. This module 
can be initialized externally, independently of the main 
platform and edits the proper xml files corresponding to the 
input data for the platform. A subfolder named “questions” 
encloses the questions.xml and the lessons.xml files which 
hold the data for the available questions that appear to the 
students during the game-play. The interface to each question 
leads the question or problem statement to appear on top of a 
list of selections where the later are each assigned to a radio 
button in a single radio button group. On the right side of the 
panel an optional accompanying image appears. 

The main class for the QM module is QuestionEditor and is 
included in the questionManager package. JFrames are 
extended in this class to create a user-friendly interface to help 

the tutor manage the available questions. The application 
provides all necessary fields to create the required XML files 
with the Questions and the Educational Objectives for the 
EViE-m platform. 

B. The Team-Selection Module 

According to [6], the Team selection panel appears when 
the user selects the network connection button located at the 
bottom of the main panel (see Fig 2). The system broadcasts a 
message to inform all the available, network-enabled, clients 
about the new online-user. The peers receiving this message 
reply with a list of the available teams.  Each peer works as a 
host and as a client at the same time, thus the platform is 
server-independent. Each received message triggers events 
even at the sender’s instance. The network panel is triggered 
once a message requests the available teams which have 
arrived back to the sender (loopback message). Furthermore, 
the application is aware of the network availability so that, if 
the message never returns, then the network panel is not 
triggered. 

The network selection panel provides the user with a list of 
the available teams (once each peer has announced its list of 
teams). Additionally, an option to enter the name in a text 
field is provided. When the student types a team name which 
is not in the list, that particular team is created when the “join” 
button is pressed. 

C. Intra-communication Module 

When the network module is enabled, users can cooperate 
from different terminals to construct the city following the 
same procedure. The “network” button on the bottom left side 
of the panel triggers the IC module. A “Welcome” message is 
broadcasted from the peer with a notation of group/team 
request. This message, as all messages, arrives back to the 
sender and to each network-enabled peer. When a peer 
receives its own “Welcome” message with group request 
notation, the Team Selection panel is triggered. At the same 
time the content of this panel (the list of groups) is generated 
by the response messages arrived by all other peers containing 
a list of the groups each peer knows about. At this point the 
new peer which broadcasted the “Welcome” message 
generates a list of the available groups and the user is ready to 
join a team or generate a new team. When the user requests to 
join a team, a new type of “Welcome” message is broadcasted 
with a notation of “Group selection” that contains the name of 
the team. Then, a synchronization process takes place. 

During synchronization, each peer informs the newly 
connected peer about the constructed structures. During this 
process a new list is generated in the system of the newly 
connected peer, containing the IP address of each peer in the 
same group. Furthermore, when the process goes to the next 
step, the other peers broadcast messages for the new peer to 
invoke the necessary processes and construct the same 
buildings at the corresponding rotation and translation values 
(placement axis, and rotation degrees). 
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Fig. 2  Team selection panel 

Another type of “Welcome” message is also used to notify 
peers about a disconnection. When a user triggers the “exit” 
button or the “disconnect” button, a message is broadcasted 
with a notation of removal. Then each peer removes the IP 
address from the list of group members. As a user interacts 
with the game, system messages are generated to update world 
status on all other peer instances. Those messages are tagged 
as “System Messages”. If the sender belongs to the same 
group, then the message is processed, otherwise it is discarded. 
Since a message may arrive more than once, depending on the 
number of active peers, the platform maintains an array to 
identify each structure based on a unique ID message and 
disposes messages that would trigger a rebuild of the same 
structure. 

 
Fig. 3  Peer/World synchronization process 

 
Synchronization is activated only when a new peer enters a 

group which already has more than two members. As shown 
in Fig.3, a flag is used in order to create a filter showing if the 

peer actually needs to be synchronized with the world. In that 
case the message “choice” is sent which contains the IP 
address of the peer picked from the current group (team). 
Only the peer that is addressed broadcasts messages for the 
new peer to construct the same virtual world. 

D. Text Communication Module and Information Module 

A floating window appears at the bottom left side of the 
screen when the network mode is enabled (Fig. 4). A short 
message appears on the floating window, notifying the user to 
click. When the clicks this area, the window rolls out to 
display the “status” and “chat” tabs. The “status” tab holds 
information about the multiplayer mode, the points that a 
particular user has and the contribution points (the points that 
this user has contributed to the team). Furthermore, the second 
panel, “chat”, provides an instant messenger that delivers 
messages to other team members. The student can set and 
change the username that will appear before the instant 
messages are delivered from the current terminal. Each 
username is prefixed by the last digits of the IP address of the 
peer. While the users exchange messages, a log file named 
“chat.xml” is created in a subfolder named “models”.  

 

 
Fig. 4  The “Text Communication” and “Information” modules 
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Fig. 5  Construction Module 

E. Construction Module 

Using the main panel, users can request a construct to be 
built along the lines of the process shown in Fig. 5. Each 
construct has a “properties” button that displays the points it 
offers in each area, and the prerequisites. The platform 
validates the prerequisites of the requested construct to trigger 
the Question panel. In this panel, the user has to pick the 
correct answer. When the answer is submitted, the platform 
verifies the answer. If the answer is wrong, then the user can 
request a new one. If it is correct, the process goes on to build 
the construct. The construct is an external X3D file which is 
transformed during the merging procedure. In the requested 
X3D model (the structure) a touch sensor and a cylindrical 
sensor are configured to enable the user interaction with this 
construct. The touch sensor is placed on top of the 3D model, 
so that the user may relocate the construct. The cylindrical 
sensor is embedded as a dynamically generated additional 3D 
object (avatar). The avatar absorbs the drag gesture of the 
mouse, and provides the rotation values to its parent 3D model 
(the structure). The composite object representing the 
structure with its avatar is placed in the world. The user may 
then move and rotate the added structure using the mouse. 

The X3D files of the structures are saved in a “models” 
folder, each in a appropriately named subfolder along with its 
textures and any additional information. Each structure 
follows the same process to adjust the external X3D file and 
insert it in the main world. The final object is assigned a 
unique ID in order to avoid rebuilding it. 

III. INITIALIZATION PROCESS 
The platform is provided with a .bat file named “run” that 

creates the proper environment in order to run the game 
outside of the development environment (Fig. 6). If we want 
to run the platform in windows we use this file to open the 
command and initialize the Xj3D browser which is a .jar file. 
On a UNIX platform we can normally run the jar file with a 
java command. The initialization takes place in the 
Xj3Dbrowser class which creates a JFrame in full screen 
mode. In the main panel of this frame, an X3D world is 
rendered which is stored in the background.x3d file. X3D, on 
the other hand, can implement ECMAscript and we used this 
feature to invoke our main platform. The ECMAscript can run 
both java and JavaScript. In our implementation, an external 

source is defined for this script, which is a compiled java file 
(...url='"../build/classes/BuildingPanelSC.class"'>).  

The virtual world has now been initialized with the proper 
sensors and the corresponding 3D environment. Additionally, 
in this background.x3d file, the main panel of the platform is 
stored and attached to the current view point in order to 
appear and accept the user’s input. All ROUTES and fields, 
for and from the script are initialized in the current script node. 
When the main class of the platform is initialized, each field 
and route from the java core is bound to the corresponding 
field and route of the virtual world. Therefore, data from the 
virtual world may pass to the java core for further process and 
the output of each algorithm can be routed to the virtual world. 
A harmonic operation takes place between both technologies 
to create a hybrid virtual environment based on X3D and Java 
objects. Finally, in the folder named models, an XML file is 
stored to hold the data during the game-play. An XML file 
named “w_status.xml” is maintained during game-play to hold 
the current game status, the collected points and the 
constructed buildings. The same process is implemented to 
calculate the current level depending on data from external 
xml files. 

 

 
Fig. 6  Initialization process 

The platform is implemented in JAVA in cooperation with 
Xj3D player. The EViE platform code and data files are 
distributed as a Netbeans project. A container folder named 
“HouseGame” at the root of C:\ includes the resources and 
additional .jar and .dll libraries. The libraries include both 
xj3d and OpenGL in the version the game was developed.  
The main class in order to run the platform is in the 
Xj3DBrowser.java file.  

IV. CORE CLASSES 
The core of the platform is developed in java. The 

Xj3DBrowser class (Fig. 7) is responsible for starting the 
game. The JFrame has been extended to build the main frame 
of the platform which hosts the navigation controls as well as 
the menu bar for common actions such as capturing a single 
frame or sequence of frames. The central area of the frame 
hosts the main 3D world to be rendered, which is saved as 
background.x3d file. 
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Fig. 7  The “Core” classes 

 
The initiated X3D world then triggers the core of the 

platform under the BuildingPanelSC class. At first, a process 
to bind the X3D world fields with the corresponding java 
fields, takes place. In addition, this class implements the main 
menu buttons actions. Each listener is initialized and invokes 
the rest of the modules corresponding to the user’s actions. 

The CommunicationWindow class is responsible for the 
small panel that appears in multiplayer mode. On the bottom 
left side of the screen, this class generates a floating JFrame 
which after being clicked displays the current player 
contribution and team total points as well as a second tab for 
team communication using the chat module. The class also 
creates a log file with the exchanged text messages between 
the players, as well as a text area to nickname players. 

The Networklayer package (Fig. 8) includes the 
MulticastNet, a background class for the network layer 
module responsible for network connectivity and managing 
incoming and outgoing messages. This class provides LAN 
multiplayer support and is being enhanced with a module for 
internet-based peer communication. 

 

 
Fig. 8  Network Layer and core Manager class 

 
The inputListener class on the other hand, manages the 

incoming messages in a queue and forwards them to the 
proper subsystem of the platform (chat module, network 
setting module, etc). 

The WorldManager core class manages messages that are 
locally generated or originate on other peers and updates 
world status appropriately. In addition, every message is 
further processed to provide the corresponding world 
construct or interaction of the user. Messages that contain 
information about the remote and local constructs are 
separated according to functionality, e.g., if they refer to an 
already built construct, translation/rotation values are passed. 
Furthermore, when a construct does not belong to the current 
peer, a lock method is invoked to neutralize 
translation/rotation sensors in order to avoid manipulation 
from users other than its creator. 

When the player requests a construct to be built, the 
corresponding messages trigger several events (Fig. 9), which 
are processed depending on the game’s current status. When 
the message arrives at the Building class, the system merges 
the x3d file of the construct (including the texture files) and 
calculates the new status depending on the properties file of 
the construct. In addition, the Building class appends a series 
of listeners and Route objects to the world to enable the 
construct movement and rotation. This process implements 
functionalities from other related classes such as the 
BuildingNurse. Following completion of this the construct 
appears in the virtual world with a small avatar to handle 
rotations. World constructs can be moved using a plane-sensor 
and corresponding Route nodes which transfer the mouse-
dragging values to the parent node, to realize construct 
relocation. On the other hand, when the mouse is dragged over 
the avatar object, the construct is rotated. An avatar object is 
dynamically appended on each built construct, and a 
cylindrical sensor (X3D API) is attached onto it. The sensor 
transfers the mouse-drag values to the parent construct via a 
dynamically added Route node. During construct build up, the 
Housemanager class reads the required data and proceeds only 
following proper validation.  

 

 
 

Fig. 9 Building Procedure and Messages 
 
The msg class acts as an interface to message exchange 

between modules. The platform filters newly created 
messages as well as the ones intended for redistribution. The 
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main message types are: a) rotation, b) translation, c) creation 
and d) handshake. The rotation message holds a pointer to the 
intended construct, the rotation axis and the rotation angle. A 
translation message also specifies the construct to be moved 
as well as its final position. A creation message is a 
combination of a rotation and translation message. Finally, 
handshake messages are tagged “Message Welcome”. The 
msg class implements the algorithm that redistributes the 
messages as a NetworkManager subclass. This network 
manager filters the messages that are broadcasted from other 
peers and points to further processing. 

 

 
Fig. 10 Question Procedure and XML Helper 

 
The classes of the question module are implemented to 

listen to requests and randomly select the next question (Fig. 
10). In addition, this class checks the answer provided by the 
user in order to continue with the merging process and display 
the requested construct into the main world and the calculated 
contribution points. The question appears in front of the user 
during game-play in the form of a simple JFrame containing 
data based on the corresponding XML questions file. The 
questions are selected randomly from question set of the 
current difficulty level. 

The platform requests to read and write XML text files 
during the game play. XML is used to prescribe X3D files, 
save the world status, prescribe the properties of each 
construct and organize questions under each Educational 
Objective. The XMLHelper class is invoked whenever the 
platform needs to write or read data to/from an XML file. The 
XML documents in JAVA are constructed using the 
w3c.dom.Document class. 

V. DISCUSSION AND FUTURE PLANS 
The EViE platform provides a cross-platform, user-friendly 

3D interactive virtual learning environment where students 
can create a virtual city independently or in groups, be 
rewarded with special constructs as they progress to more 
difficult material. At the time of writing of this article we have 
run tests with small student groups to locate bugs and receive 
user feedback. Early next school year we intend to run larger-
scale tests. Word in progress includes providing a web-based 
clone of the platform based on HTML5, Javascript and a Java 
websockets server to enable running using any browser and 
without additional software installation. 

In addition, specific modules are being planned to provide 
tutors with a complete management system and observation 
techniques to monitor the over-all process of the game for 
each group. The adapted technologies for the web-based 
version of the platform and the tutoring module should 
provide an interoperable system where smart-phone based 
monitoring modules should be able to plug in. 
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Abstract— Information related to the same “information need”, is 

available from many different sources widely spread on the web. 

This information may be differently worded or organized based 

on the conceptualization of the domain by different people and 

design autonomy. Ontologies are seen as way out for overcoming 

this semantic heterogeneity and bringing a common 

understanding for an integrated access, that is formulating a 

consolidated answer to a single query. In this work we propose 

an ontology based course prescription for individuals who are 

willing to enhance their competencies in certain areas.  

 

Keywords— Ontologies, personalized learning, integrated 

access, semantic heterogeneity, lifelong learning 

I. INTRODUCTION 

Rapid changes in technology causes  changing competency 

requirements in the workforce; putting pressure on people to 

empower themselves continuously with new competencies. 

Higher education is becoming what was thought about 

primary education once; that is delivering basic knowledge 

and skills some of which are knowing and finding  the needed 

information, problem solving, self evaluation of one’s own 

knowledge, reflective learning, critical thinking and like. After 

graduation from a university and getting into a job most 

people feel the need to become specialized in some area. 

These people are faced to chose the most appropriate course(s) 

for their situation among many possibilities.   

In this work, we propose an ontology based tool that will 

prescribe courses to individuals in the field of Computer 

Science (CS) and Computer Engineering (CE) based on their 

present and required competencies. Information relevant to 

almost all of the courses delivered at the educational 

institutions: Universities , Academies and such are  available 

on the web. These curricula are designed according to the 

educational aims of the institutions and understanding of the 

domain by the curricula developers resulting in semantic 

inconsistencies . This tool is designed to provide an integrated 

query over semi-structured/unstructured, semantically 

heterogeneous web data.  

Semantic matching is needed to make explicit the “intended 

models” of the vocabulary used to convey and request 

information [1]. Ontologies are presented as tools to match the 

semantics of the information need of the  user with the 

semantics of the available relevant information in Information 

Retrieval (IR) and Information Extraction (IE).  

This tool is hoped to serve most of the  higher education 

priorities for the coming decade listed in the official Bologna 

Process website [2]  some of which are: lifelong learning; 

employability; student-centred learning and the teaching 

mission of higher education; education, research and 

innovation; international openness; mobility; data collection; 

multidimensional transparency tools; and  knowledge sharing. 

The paper is organized as giving a general overview of 

ontologies in section 2; describing the methodology in section 

3; and conclusions in section 4.  

II. ONTOLOGY OVERVIEW 

An ontology is a means of sharing and using information 

under a common understanding in machine-readable form 

enabling automatic reasoning over the logical sturcture of the 

ontology. The implicit relations between the concepts are 

revealed through inferencing mechanisms. Noy &McGuinnes 

[3] lists four reasons to develop ontologies: 1) to share a 

common understanding of the structure of information among 

people or software agents, 2) to enable reuse of domain 

knowledge, 3) to make domain assumptions explicit, 4) to 

separate domain knowledge from the operational knowledge 

Task of building an ontology is putting concepts in 

hierarchical organization with their properties, relations and 

restrictions. Chi [4] lists the components of an ontology 

regarding to its content as lightweight ontology and heavy 

weight ontology (Fig. 1). 

 
Fig. 1  Components of an ontology [4] 
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Concept is the most fundamental component of an ontology. 

Actually, ontology is defined as “explicit formal specifications 

of the terms (concepts) in the domain and relations among 

them” by Gruber [5] which can be depicted as in Fig. 2.  

 
Fig. 2  Organization of the concepts in an ontology in a knowledge base 

 

Here classes represent the concepts; properties describe 

various features and attributes of the attached concept and 

instants are the leaves in this hierarchical organization 

representing the elements belonging to the upper class. An 

ontology together with a set of individual instances of classes 

constitutes a knowledge base. 

Formulating concepts can be subjective and differ. Shaw 

and Gains [6] map the dimensions of variance between the 

terminology and the concepts understood by different sources 

as in Fig. 3.  

 

 
Fig. 3  Dimensions of variance between terminology and the concepts 

 

Ontologies have been used for semantic integration of 

heterogeneous data sources. XMapper [7] maps the instances 

in the same domain from different sources. Distance between 

different XML tags are calculated to perform the mapping. 

With a main goal of overcoming the absence of common 

shared ontology and deriving a global schema that integrates 

all source schemata, Bergamaschi et al [8] has proposed a 

semantic approach for an integrated query over conceptually 

differing schemas.  They first developed a Common 

Thesaurus  of terminological relationships (Professor 

is_a_narrower_term_for CS_Person: <Professor NT 

CS_Person>) then, clusters of semantically similar cases are 

unified to build and integrated schema for the analysed 

structure.  Our work coincides with Bergamaschi et al [8] on 

the point of semantic integration of the same domain from 

different sources, but it differs by employing natural language 

processing and being toward integration of unstructured data  

on the web.  

Chung and Kim [9], classifies research applying ontology 

technology to education as 1) curriculum or syllabus ontology 

creation; 2) ontology-based learning object organization, and 

3) ontology-based learning contents retrieval. In our study 

ontology is used as a tool for abstracting course contents and 

learning objectives from course names and codes and provide 

a search tool for individual learning needs. The inputs are the 

employed competencies and the competencies needed to be 

acquired, the output is the list of courses that will fit and 

enable the acquisition of the required competencies (Fig. 4).  

 

 
 

Fig. 4  Framework for  course prescription 

 

III. METHODOLOGY 

Our aim is to match semantically the course contents, 

course objectives, learning outcomes given at different 

educational institutions. To achieve this goal the steps to be 

taken are described in the following paragraphs. 

1) The first step is to collect curriculum data related to the 

domain of CS, CE, and information Technologies (IT), from 

websites of the educational institutions ; then, parse and 

transfer them to a database. 

2) Apply text clustering techniques on the collected course 

information to group courses into subjects. 

3) Analyse data to make explicit classes, relations and 

properties 

3) Develop the courses ontology using an ontology editor 

[10]. 

4) Implement an inferencing tool to make inferences over 

the ontology [11][12]. 

5) Design and develop the user interface.  

Methodology described in Noy and McGuinness [3] is 

followed to structure the ontology and the attributes of the 

instances are grounded on the Bologna Process. The 7 steps 

defined by Noy &McGuinnes [3] in the development of 

ontologies are given in Table 1.  
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TABLE I 
DEVELOPMENT METHODOLOGY 

Stages Explanation Relevant to “IT Courses 

Ontology” 

1. Determine 
scope 

the domain, aim, 
purpose, audience, 

maintenance 

Domain: curricula in CS, 
CE, IT 

Purpose: course prescription  

Audience: post graduates 

2. Consider 
reuse 

Search if an ontology in 
the same domain is 

developed before.  

No similar ontology is found 

3. Enumerate 
terms 

Highlight  important 
terms in the ontology 

Title, code, content, learning 
outcomes, ECTS, purpose, 

pre-requisits 

4. Define 
classes 

Determining the 
hierarchy of the classes 

1. Subject (programming 
languages) 

2. Courses (Java, C, 

Lisp)  

5. Define 
properties 

describe 
attributes of instances 

of the class 

 

Each course will have code, 
instructor, ECTS, 

department, content, pre-

requisites, etc.  

6. Define 

constraints 

Constraints are placed 

on the type of data that 

are allowed 

the title of a course is a 

string 

ECTS is numeric 
Each course has one code, 

may have multiple 

instructors 
 

7. Create 

instances 

Create instances of the 

classes 

Ex: UBI 505 Information 

Systems 

 

The ontology is developed using Protégé editor. Fig. 4 

depicts a snapshot of a screen that shows the available 

subjects and courses under “Algorithms” subject. The other 

subjects are kept closed for the sake of readability. In the box 

on the right hand side of a “CS_505 Algorithms II” course 

URL address of the course and “learning outcomes” are listed.   

We have implemented Algernon to make simple queries 

over the knowledge base developed. Algernon is an inference 

engine implemented in Java and has a Protege tab plug-in that 

allows all operations to be performed from within the Protege 

GUI. Querying in Algernon is similar to LISP language except 

variable names and keywords are inserted [11]. A sample 

query to ask for the list of all courses would be:  

((:INSTANCE Course ?course)) 

A query that lists courses that have learning outcome as 

programming  in C would be : 

((:INSTANCE Course ?course)  

(CourseLearningOutcome ?course ?out)  

(Name  ?out  "C_Programming")) 
 

 
Fig. 5  Protégé snapshot of the courses ontology 

IV. CONCLUSIONS 

Information related to the same “information need”, is 

available from many different sources widely spread on the 

web. This information may be differently worded or organized 

based on the conceptualization of the domain. Ontologies are 

seen as way out for overcoming this semantic heterogeneity 

and bringing a common understanding for an integrated access 

that is formulating a consolidated answer to a single query. In 

this work we present a prototype of an ontology based course 

prescription system for individuals who are willing to enhance 

their competencies in certain areas.  

Future work is planned to expand this system to include all 

the courses delivered in the field of IT, CE and CS in Turkey. 

The methodology is general and can be applied to any field.   
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Abstract — This paper deals with the process of identification of 
the needed changes within higher education to meet future 
challenges. The work is related with the work package Policy of 
the LLP SALEIE program „Strategic Alignment of Electrical 
and Information Engineering in European Higher Education 
Institutions”. The analysis includes a review of the needs and 
impact of administrative policy as it impacts the design, 
development, delivery, assessment and review of academic 
programmes. The final objective of this global task is to bring 
together policy administrators from institutions across Europe to 
review current practices and to identify examples of best 
practice, to build a common understanding of governance and 
policy implications on the strategic changes associated with the 
project, and create a centre for excellence in the policy area. The 
paper presents the designing process of a questionnaire 
regarding the above problems. The objective is to achieve as 
broad coverage of European higher education institutional 
responses as possible.  
 
Keywords — Lifelong Learning Programme, higher education, 
policy, survey, questionnaire. 

I. INTRODUCTION 

An important effort was put into practice during the last 
years regarding the subject of policies in education. The 
importance of the education process, at all levels from primary 
schools to higher education, and life long education, is widely 
recognized. The new trend in education science is linked to 
policy. In the field of education, it is very important to move 
forward from local actions to coherent policies.  

The European Commission pays a specific attention to the 
assessment of key competences in initial education and 
training and by consequence elaborated a policy guidance 
regarding subject. A new way to see the education process is 
identified by the term 'Rethinking education'. The purpose is 
to help Member States by identifying the fields in which the 
efficiency of education and training systems can be improved. 
The final result is a number of best practice policies in EU and 
beyond and a comparative study regarding this subject. The 
research defines two major aspects: first it analyses the needed 
reforms in education assessment and, second it presents the 
corresponding policies, as a coherent set of measures to be put 
in practice.  

From this document [1], few items are being listed below, 
only as examples, being recognized as policy responses from 
EU Member States: 

“(1) Engaging textbook and resource developers and 
publishers during policy development in order to help them 
prepare for subsequent changes to the curriculum and 
assessments. 

(2) Enabling teachers to reduce their reliance on textbooks 
and providing training and support for teachers in carefully 
selecting and developing a wider range of resources. 

(3) Recognising that developing key competences means 
integrating them comprehensively rather than in distinct and 
isolated sections appended to otherwise traditional resources. 

(4) Encouraging teachers to use resources flexibly, for 
example by using end of unit tests at the beginning of units in 
order to identify students’ difficulties and refocus their 
teaching accordingly.” 

Continuing to explore other new researches in the field of 
education policy, we are able to exemplify with policies 
regarding doctoral studies [2]. The authors start from the 
evidence that widening participation was a subject from 
policies regarding undergraduate education. They extend the 
emerging widening participation on doctoral education. The 
case study is England and for us, it is interesting that the 
subject includes the related policy “an analysis of Widening 
Participation Strategic Assessments produced in 2009 by 129 
English higher education institutions (HEIs) reveals an 
emergent institutional awareness of this new development. 
Finally, a research agenda for widening participation to 
research degrees, focusing on research students, HEIs and 
policy-makers, is outlined. The conclusion calls for this 
agenda to be pursued at institutional, national and cross-
national levels so that future policy can be made and 
implemented on the basis of a robust evidence base.” 

Another related subject is the connection between higher 
education research and policy in education [3]. The topics of 
this volume suggestively identify the field of education where 
a coherent set of measure must be aggregated into policies. 
The authors focus on the relationships between higher 
education research and higher education policy. Case studies 
regarding educational policies cover an important number of 
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countries: Canada, Australia, Japan, Chile. Another interesting 
subject from this book is related with policy makers’ 
identification. 

A well appreciated teaching system in Europe is the one 
from Finland. From this point of view, a comparative study 
regarding policy making processes with respect to teacher 
education in Finland and Norway was published [4].  This 
paper focuses on policy making processes in the field of 
teacher education in Finland and Norway. “Particular attention 
is given to the roles different actors play in these processes 
and the potential effects of their involvement on the teacher 
education programs in the two countries.” The analysis is 
based on a set of questionnaires for experienced policy makers 
in the area of education. 

Two main conclusions emerge from the upper examples 
related to the research in education literature: 

- policy is a specific subject which must be defined and 
understood in a different way than isolated actions, 

- questionnaires are useful tools for identifying best 
practice example from policy in education point of view. 

The paper will follow by describing the project Strategic 
Alignment of Electrical and Information Engineering in 
European Higher Education Institutions - SALEIE in the 
context of the Lifelong Learning Programme LLP - paragraph 
II, the “Policy” as an important subject for SALEIE program 
(Work Package 5) – paragraph III, a general view of the 
survey regarding policy – paragraph IV, details regarding the 
design process of the questionnaire needed for the survey – 
paragraph V. Conclusions – paragraph VI, Acknowledge and 
References will end the presentation. 

II. SALEIE A  LIFELONG LEARNING PROGRAMME (LLP) 

The Lifelong Learning Programme (LLP) is an European 
program following to the Socrates, Leonardo da Vinci and 
ICT / Open & Distance Learning [5]. It envisages activities 
supporting all type of learning opportunities from childhood to 
old age in every single life situation. 

Four types of sectorial sub-programmes aim different 
stages of education and training processes: for schools the sub 
programme Comenius, for higher education the sub 
programme Erasmus, for vocational education and training the 
sub programme Leonardo da Vinci, and for adult education 
the sub programme Grundtvig.  

In order to complement the sectorial sub-programmes, a 
number of transversal programmes were financed. The main 
purpose of this type of transversal programmes is to support 
the European cooperation between entities involved in 
different sectorial sub programmes. Other additional targets 
are the quality and the transparency of Member States' 
education and training systems. 

The LLP programme supports four key activities: 
- Policy cooperation and innovation, 
- Languages, 
- Information and communication technologies - ICT, 
- Dissemination and exploitation of results. 

Other two programmes were developed in the frame of LLP:  
the Jean Monnet programme supporting the teaching, 

reflection and debate on the European integration process at 
higher education institutions, and Eurydice support gathering, 
monitoring, processing and circulating reliable and readily 
comparable information on education systems and policies 
throughout Europe.  

The project SALEIE - Strategic Alignment of Electrical 
and Information Engineering in European Higher Education 
Institutions has been funded by means of support from the 
European Commission in the frame of Lifelong Learning 
Programme. The SALEIE project sets out to firstly explore 
and then provide models for ways in which Higher Education 
Institutions of Europe in the Electrical and Information 
Engineering disciplines can respond to current challenges. 

The purpose of this programme is to create a range of 
outcomes that will benefit educational institutions, programme 
designers and faulty in the EIE area and demonstrate their 
applicability and added value across Europe [6], [7]. The 
dissemination plan ensures the outcomes of the project will 
reach the head of every known EIE providing academic 
department across Europe. Finally sustainability is ensured 
through a commitment from the EAEEIE to maintain the 
outcomes beyond the life of the project. 

According to the SALEIE proposal, “the main challenges 
addressed by this project are:  

1. Ensuring graduates are prepared to enable Europe to 
respond to the current global technical challenges in the Green 
Energy the Environment and Sustainability, Communications 
and IT, Health, and Modern Manufacturing Systems 
(including Robotics), that is, a new skills for new jobs  
approach. This will embrace conventional education, lifelong 
learning and training for entrepreneurship.  

2. Ensuring that programme and module governance is 
sufficiently well understood that issues of mobility, 
progression and employment are understandable by 
appropriate stakeholders including the accrediting bodies for 
professional engineers. 

3. Ensuring that all learners, irrespective of their 
background or personal challenges, including: dyslexia and 
dyspraxia, visual and audio impairments, and mental 
disabilities such as aspergers, autism, depression, anxiety, are 
given equal opportunity to education and are appropriately 
supported.”  

III. POLICY AS IMPORTANT SUBJECT FOR SALEIE  

Policy cooperation among Member States and the EU 
institutions is based on the “strategic framework for European 
cooperation in education and training (ET2020)”, which is 
complemented by a number of funding programmes. 

SALEIE project brings together more than 40 partners in 
Europe having good experience regarding selectively policies 
in higher education [6], [7]: 
- University of York UF has good results for strategies in 
relation to disability matters, compliance with current 
disability legislation, policy and training to college welfare 
teams and University staff on, 
- Instituto Superior Técnico from Portugal assumes, as part of 
its strategic policy, the involved in several networks and 
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international programmes to promote student mobility, both at 
undergraduate and postgraduate levels, as well as internships 
for participating in IST’s research activities, such as 
CLUSTER, CESAER, TIME, ATHENS and MAGALHAES-
SMILE. 
- The University of Craiova Romania was involved in many 
EU funding projects European focussing on policy for higher 
education or for lifelong learning, including the PAHRE 
programme Creating an Observatory for Raising Awareness 
on the EU Social Inclusion Policy in the South-West Region 
of Romania. 
- The University of Rennes France implemented policies 
regarding life long learning (LLL) at the three levels of higher 
education (Bachelor, Master and Doctorate), on international 
joint laboratories and on international joint education 
programmes (joint masters, mainly). In the frame of its 
internal policy, this partner has strongly encouraged this type 
of activities since more than twenty years.  
- Tallinn University of Technology Estonia will primarily 
focus on enhancing the competitiveness of EIE education 
within Europe, especially in relation to modern global 
technical challenges.  TTU will also (in cooperation with 
Estonian Ministry of Education and Research) participate 
actively on policy development. 
- For the FH Vorarlberg University of Applied Sciences from 
Germany, the Erasmus Policy Statement is seen as part of the 
University’s institutional strategy. 

According to the SALEIE proposal [6], [7],  the project 
teams will work within the framework of the 'Open method of 
Coordination' that aims to help partners/countries to critically 
reflect upon their own polices in the context of European 
cooperation and to learn from other countries practices, for 
example: 
- Policy makers and practitioners from one country will gain 
from the experiences of their counterparts elsewhere in 
Europe in implementing reforms in areas of shared interest 
and concern in particular in tuning programmes to meet the 
graduate needs for the global technical challenges for ALL 
students. 
- Comparisons of the partners' performance and exchange of 
best practices will raise the general level of capability in 
student support, policy and marketing systems. 
- Identify how certain factors can support or hinder 
implementation of higher education or LLL strategies/policies. 
- Identify elements of successful approaches to foster higher 
education/lifelong learning, its quality, quantity and 
recognition, through national/regional/local and institutional 
policies. 
- Support transnational policy learning between participants 
and give new insights 

An important issue inside SALEIE is the problem of 
students with special needs. A dedicated meeting regarding 
this subject already took place at Bordeaux in France in April 
2013. A practical result obtained after this meeting is the final 
form of a questionnaire for the specific survey.  

Equal opportunities and widening participation to higher 
education are high on the political agendas of the EU and 

many individual countries within it. It is almost expected that 
all Universities are equipped and able to support any student 
irrespective of their physical, personal and mental situation. 
Fair and equitable treatment is a key requirement as a matter 
of policy. Students with special needs should be given equal 
opportunities in respect of international exchanges and work 
placements. The policy work package of this project explores 
the special issues of such students as well as the general 
transparency issues of module content, level of achievement 
and assessment. 

The method of questionnaire based survey will be widely 
used during SALEIE development. From the policies point of 
view, these surveys will set out to audit, for example, equal 
opportunities and diversity policies and practices or policy and 
practices associated with programme and module specification 
including how well understood current specifications are to 
ERASMUS exchange partners and employers. 

Provided the cooperation inside SALEIE, project partners 
will gain new insights into model curricula for programmes to 
meet the global technical challenges and policies, procedures 
and practices in widening participation, marketing 
programmes, supporting students, programme and module 
governance and generic key technical challenge curricula. 
Specific groups within the project [6], [7] who will benefit 
form this approach are curriculum designers and academics, 
specifically in programmes orientated towards the key global 
technical challenges (WP3); student support administrators 
(WP4), ERASMUS exchange administrators and recruiters 
(WP4), Industrial experience and internship administrators 
(WP4), and policy makers (WP5). 

From the policy point of view, the key beneficiaries of the 
SALEIE project will be HEI administrators and policy makers. 
They will benefit from improved understanding of the 
variations in programme administrative policies and practices 
across Europe.  As part of WP4 and WP5 institutions with 
excellent policies, procedures and practices in widening 
participation, student support or programme governance will 
be identified. 

The final report and an executive summary will be sent to 
the head of department of all known EIE departments across 
Europe as identified in the THEIERE and EIE-Surveyor 
project monographs [8], [9]. Each head of department will be 
asked to forward the communication to their industrial 
partners, academic policy makers, student support 
administrators and teaching staff. By using this resource, the 
majority of current providers of EIE programmes will be 
reached and through them relevant administrators and 
industrial partners. After presenting the general interest of 
SALEIE project for policy, it follows details regarding the 
dedicated work package “Policy”. From the proposal for 
SALEIE project [6], [7], there are listed here the main items 
(objectives and actions) for WP5.  

Findings in previous EAEEIE Thematic Network projects 
undertaken by networks have identified differences in Quality 
Assurance procedures and administrative practices across 
Europe and that establishing new and making changes to 
existing programmes in European HEIs are governed to 
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varying degrees at the National, Regional and Institutional 
level. Given this variation and the fact that work packages 3 
and 4 are focussed on change within Higher Education to meet 
future challenges, a review of the needs and impact of 
administrative policy as it impacts the design, development, 
delivery, assessment and review of academic programmes is 
included.  

The objective of this work package is to bring together 
policy administrators from institutions across Europe to 
review current practices and to identify examples of best 
practice, to build a common understanding of governance and 
policy implications on the strategic changes associated with 
the project, and create a centre for excellence in the policy 
area.  

The methodology will be to commence with an audit of 
current practices. The project partners will be used as the 
route to obtaining responses to these surveys from within their 
own institutions and their networks. The objective will be to 
achieve as broad a coverage of European higher education 
institutional responses as can be achieved. The results of the 
surveys will be collated and analysed. The analysis report will 
be published on the project website. 

The survey will address the following questions, as a 
minimum: 
- What autonomy does academic staff have in proposing new 
modules and programmes. 
- Who, if not academic staff, are monitoring programme and 
module needs to respond to the changing industrial 
environment. 
- What policies and practices are in place in respect of 
assessment of learning outcomes. 
- How closely aligned are assessments and module and 
programme learning outcomes and how are these monitored. 
- How policy takes account of the needs of Professional 
Engineering bodies. 
- Differences in policies and practices with respect to non-
conventional learners. 
- The existence and content of equal opportunities and 
widening participation policies and practices. 
- How are the needs of learners with specific needs 
communicated within the institution and to whom. 
- What policies are in place to ensure learners with specific 
needs are supported. 
- How are ERASMUS and Industrial partner institutions 
supplied with information about modules and programmes. 

Activities in this work package will include: 
- A survey of administrative practices across Europe in respect 
of the design, development, delivery, assessment and review 
of academic programmes. 
- Work package meetings in partner institutions. 
- The identification of examples of best practice. 
- The design of a policy in EIE resource website as part of the 
project site. 

IV.  THE SURVEY FOR SALEIE’S WP5 – A GENERAL VIEW 

Between the tools that were proposed to be used in the 
frame of SALEIE project, the surveys play a major role. In 

order to implement a survey, it is needed to use a specific set 
of questionnaires. It is also the case for WP5 Policy.  

Surveys will be designed to explore current administrative 
policies and practices across Europe. The typical content of 
the survey is outlined in the work package description above. 

The surveys will be distributed amongst project partners for 
their completion and by their networks to widen the picture 
across Europe. The questionnaires will also be made public on 
the project website to enable any other institution who wishes 
to contribute to the project to do so. 

The results of the surveys will inform partner institutions 
policy makers and, through them, the wider community, and 
highlight examples of best practice. Visits of partners to 
institutions with identified best practices will be made to raise 
visibility and enable best practice to be spread across the 
project network. 

The designing process of the questionnaire started with 
identifying the theoretical base governing the surveys in the 
field of education.  

There is a selection of the information sources related to 
important international bodies that were used for clarifying the 
theoretical aspects regarding policies in education: 
- European Union (EU) documents for methodology, 
performance data, literature survey, national system analyses 
and case studies [10]. 
- United Nations Educational, Scientific and Cultural 
Organization (UNESCO) documents for quantitative research 
methods in educational planning [11].  
- Organisation for Economic Co-operation and Development 
(OECD) documents regarding standard international 
questionnaire on migrant education policies [12]. 
- Higher Education Policy Commission, West Virginia higher 
education systems USA documents regarding questionnaire 
[13]. 
- The Vancouver Board of Education’s Advocacy Committee 
documents regarding educational policy questionnaire [14]. 

Most important idea that was discovered, putting together 
the theoretical information [15], [16], [17] and practical 
implementation, [18], [19], [20], is the definition of a policy 
that discriminate between a series of actions and a true policy.  

Following the Anderson model [21], a policy must 
accomplish the following five stages: 
- Problem formation: “relief is sought from a situation that 
produces a human need, a deprivation, or dissatisfaction.” (in 
[20] the first two stages in the Anderson model — problem 
formation and policy agenda — were collapsed into one stage).  
- Policy formulation: “pertinent and acceptable proposed 
courses of action for dealing with public problems are 
developed.”  
- Policy adoption: “support is developed for a specific 
proposal such that the policy is legitimized or authorized.”  
- Policy implementation: “the application of the policy to the 
problem.”  
- Policy evaluation: “an attempt is made to determine whether 
or not the policy has been effective.”  

It remains to define the field of interest in which the policy 
is applied, who are the policy makers for each stage, which 
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are the specific subjects focusing on and what levels of the 
educational hierarchy are interesting for the survey.   

V. THE SURVEY FOR SALEIE’S WP5 – PRACTICAL ASPECTS 

First, taking into account the SALEIE proposal, the 
partners with major contribution to WP5 were identified.  

They are: University of Craiova, Czech Technical 
University Prague, University of Rennes 1, University of 
Toulouse 3 Paul Sabatier, Gheorghe Asachi Techical 
University of Iasi, Slovak University of Technology, 
Technical University of Cluj-Napoca, Politechnica University 
of Bucharest, Copenhagen University College of Engineering, 
Riga Technical University, Swedish Telepedagogic 
Knowledge Centre AB, University of Vigo, University of 
Kosice, Haute Ecole de la Province de Liege, University of 
Maribor and Ege University International Computer Institute. 

Using the previous experience and the general aspects from 
the previous paragraph, a first draft was produced and a 
debate regarding it was started between partners. Following an 
iterative process, seven different versions were obtained. 

A lot of comments were received for the first five questions 
which were introduced, following the Anderson model, 
regarding the assessment policies.  

As already specified, a policy starts from identifying a 
problem, and continues by formulating the policy and by the 
adoption the laws for its implementation. After the 
implementation of the policy, the evaluation of the results 
obtained follows. During the problem identification phase, 
“relief is sought from a situation that produces a human need, 
a deprivation, or dissatisfaction.” During the policy 
formulation phase, “pertinent and acceptable proposed courses 
of action for dealing with public problems” are developed. 
During the policy adoption phase, “support is developed for a 
specific proposal such that the policy is legitimized or 
authorized.” During the policy implementation phase, there is 
the “application of the policy to the problem.” During the 
policy evaluation phase, “an attempt is made to determine 
whether or not the policy has been effective.” E.g. using the 
information received from professional organisation we 
understand that the engineer diploma holders have a gap in 
their understanding of ecological problems. And/or using the 
information received from regional accreditation association 
we understand that the engineering curricula have not enough 
hours for ecological problems. By consequence the problem 
of preparing the students for ecological problems was 
identified. This is a reason of introduction of the first question. 

It remains to identify how to formulate the corresponding 
policy and to adopt the laws for its implementation. This 
justifies the following four questions. 

By “assessment policy” we identify the official valuation 
procedures put in work at different level (institutional, 
regional, national) for different subjects related to higher 
education in electrical and software engineering.   

The target of the survey is higher technical education: 
electrical and information technology engineering. Both levels, 
national and institutional, are interesting from the point of the 
project.  

For questions 1 to 5,  ten different options were proposed in 
order to identify the level of the hierarchy involved into the 
related stage of the policy: A. national legislature, B. national 
executive staff, C. executive agencies (e.g., national 
educational department), D. universities management boards, 
E. faculty management boards, F. external consultants, G. 
existing policies and practices on universities levels, H. other 
national policies and practices, I. professional organisation, J. 
regional accreditation association, K. other. On a four-point 
scale, with a “1” representing “not important” and a “4” 
representing “very important”, the answering specialist is 
asked to rate each of the upper listed levels of hierarchy 
(entities) in terms of their relative importance in the problem 
corresponding phase of national’s assessment policy. 

A similar answer on a scale from “1” to “4” is asked on the 
sixth question for rating the current objectives of the national 
assessment policy related to: A. increasing accountability to 
public, B. improving teaching, C. improving student learning, 
D. improving academic program efficiency, E. facilitating 
intranational comparisons, F. facilitating international 
comparisons, G. other. 

The next 26 questions have the answers organized on four 
different levels of higher technical education studies in 
electrical and information technology: bachelor, master, 
doctoral and lifelong education. For each of these levels there 
are three options for answering: Yes, No and I do not know.  

The subjects of these questions are:  
- changes in national's assessment policy in the last five years, 
- new policies initiated from a national level,  
- autonomy of university,  
- assessment of learning outcomes,  
- the standardized procedures for ranking of universities, as 
over all institutions,  
- ranking of engineering programs between similar programs 
in the country,  
- the electrical and information engineering teaching system 
adaptation to the changing in industrial environment,  
- the electrical and information engineering teaching system 
adaptation to needs of Professional Engineering bodies,  
- how ERASMUS and industrial partner institutions are 
supplied with information about modules and programmes, 
- how closely aligned are assessments and module and 
programme learning outcomes and how are these monitored, 
- the interactions between universities, local government, civil 
society and the wider community in order to improve the 
engineering education quality,  
- which institution(s) has/have the authority to develop, 
approve and change engineering curricula,  
- developing monitoring systems in place to assess changes in 
students’ knowledge, skills, values, attitudes and behaviour 
with regard to new industrial and market needs,  
- the level and type of minimum education required to qualify 
for different positions in electrical and information 
engineering domain,  
- the definition of specific skills which are required in order to 
carry out the duties of different positions in electrical and 
information engineering domain,  
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- the type and least amount of prior directly related work 
experience typically required for a person coming into 
different positions in electrical and information engineering,  
- act to improve the educational outcomes for students with 
special needs, and determine how are communicated their 
needs within the institution and to whom,  
- to support universities to meet the actual costs of providing 
public education,  
- to ensure equitable learning outcomes for all students 
because poverty is a significant factor influencing a student’s 
learning and success in school,  
- to pay attention on the importance of class size and class 
composition with respect to providing optimal teaching and 
learning environments,  
- to support universities in order to improve the educational 
outcomes for immigrant students,  
- reference to the right to education, actions against racism, 
racial discrimination, xenophobia and related intolerance,  
- human rights education,  
- supporting students to express themselves freely, to have 
responsibility, to participate in decision making and to 
organize for their own interests, 
- to the increasing level of cultural diversity in school. 

 For different problems, in different countries, many 
different cases could be identified. There were two options. 
First: to ask for an effort when answering and giving an 
average mark for different cases. Second: to complicate the 
questionnaires by dividing each question relating with all 
cases. Finally the first option was chosen. For each answer 
„YES” to a question, a comment is asked and that will help 
the answering specialists to tune their responses. 

A future SALEIE meeting dedicated to this survey will 
produce the final form of the questionnaire, refining questions, 
eliminating ambiguities and adding important questions which 
could miss from this draft. 

VI. CONCLUSIONS 

The papers deals with a specific problem take into account 
by SALEIE LLP program: the policies in the field of technical 
higher education, electrical and information engineering. 
Regarding this subject, the process of design of a 
questionnaire needed to implement the specific survey was 
presented, focusing both on theoretical and practical aspects.  

After obtaining the final form of the questionnaire, this will 
be implemented in order to support the online access in 
SurveyMonkey. 

Following the SALEIE proposal [6],[7], the surveys will be 
distributed amongst project partners for their completion and 
by their networks to widen the picture across Europe. The 
questionnaires will also be made public on the project website 
to enable any other institution who wishes to contribute to the 
project to do so. The results of the surveys will inform partner 
institutions policy makers and, through them, the wider 
community, and highlight examples of best practice. Visits of 
partners to institutions with identified best practices will be 
made to raise visibility and enable best practice to be spread 
across the project network. 
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Abstract — the blooming development of ICT and its 

implementation for the needs of the education institutions has 
presented a new set of challenges for both instructors and 
students. The introduction of many different approaches for 
learning, like face to face learning, e-learning, distance learning 
has presented new ways for obtaining knowledge, but has also 
resulted in destabilization of the general learning processes. 

This paper identifies the key challenges, which are the result 
of this rapid and inevitable implementation of the ICT 
technologies in education, for both the instructors and the 
learners. An additional investigation on the situations, which 
present the modern ICT services as being implemented with and 
without the use of the technological convergence, is also 
conducted. 

The Introduction section of the paper presents the global state 
of the ICT technologies for educational purposes and the four 
most common and widely available types of virtual learning 
environments. Then the common goals of ICT in education are 
defined, followed by the most significant advantages and 
disadvantages of using ICT for education. In the next Section of 
the paper the importance and the impact of the ICT convergence 
on the learning process, on the instructors and on the students 
are analyzed. The paper is completed by the Conclusions and the 
Reference sections. 
 

Keywords — ICT in education, global challenges, virtual 
learning environments, technological convergence 

I. INTRODUCTION 

The information and communication technologies (ICT) 
have become within a very short period of time the core of the 
modern societies. Throughout the world many of the 
developed and underdeveloped countries understand the 
importance of ICT and are implementing its concepts as part 
of their education programs. The education sector also 
recognizes the importance of ICT in supporting the 
educational improvements and reforms and is trying by all 
means to fuse the modern technologies and resources with the 
various education strategies and programs. This process is 
currently providing great opportunities and outcomes, but is 
also presenting several challenges and problems. 

There are many platforms, systems and end solutions for 
development of virtual learning environments, which, on their 
own turn, provide various interesting ways to present the 
learning materials. 

Probably the simplest way to create a virtual learning 
environment is to develop a virtual library with a lot of 
educational materials for both reading and downloading. 
There are many examples of such virtual libraries [1, 2, 3]. 
Although not that effective, as the rest of the virtual learning 
environments, this approach is simple to manage and the 
update of the materials can be performed in a matter of 
seconds. Nowadays many of the leading educational 
organizations are having such virtual libraries. 

Similar, but not entirely the same, the approach for 
development of virtual learning environment based on the 
development of video libraries is sometimes preferred. In this 
way the learners can experience “a visual connection” with 
the educator, which is much closer to a real world experience. 
Nevertheless this approach requires much more efforts, since 
the video files have to be recorded, processed and converted 
to the appropriate form.  Nonetheless, there are many 
examples of such video libraries [4, 5, 6].  

Both of the abovementioned methods are somewhat easy to 
implement, support and manage. Nevertheless neither 
provides the possibility for real-time feedback and interactive 
connection between the lecturer and the students. In order to 
solve this issue in the past several years a large number of 
platforms with feedback capabilities have been developed [7, 
8]. Some of these platforms provide connection with the 
lecturer by means of e-mails and other types of messages, 
while others are capable of real-time text, audio and even 
video feedback. By having these much sought features, these 
platforms are enhancing the experience of the end users and 
are generally making the learning process more interesting 
and almost as in person. Regardless of this, the possibility to 
provide real time feedback turns to be a major technological 
challenge. In order to solve this challenge some of the 
platforms rely on third party software and even hardware, 
while others use self-made feedback modules. Even though 
both solutions work and provide a similar set of features, they 
extend further the complexity of the systems and make their 
maintenance and management a critical issue.  

Another problem is the vastly increasing variety of end user 
devices and platforms. While the world leading companies are 
constantly struggling for market domination, the products they 
are launching are compatible with a given number of 
technologies and devices. This has led to the segmentation of 
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the ICT sector and is also affecting the implementation of 
modern information and communication technologies in the 
education systems. 

While the abovementioned technologies and virtual 
learning environments are widely accepted and available, they 
are all missing something important – the possibility to 
perform remotely hands-on exercises. For a long time it was 
considered impossible to provide such functionality using the 
virtual learning environments, but in the past two-three years 
several systems have proven this assumption wrong [9, 10]. 
The latest trends in the virtual learning environments are 
systems, which not only provide multimedia-based education 
possibilities and feedback options, but also the possibility to 
remotely perform various tasks. Although available only for 
certain educational and training areas and providing a limited 
number of performable tasks, actions and options, these new 
systems are becoming increasingly popular and are thought to 
be the next generation of virtual learning environments. 
Nevertheless, these are the most complex of all the systems 
discussed. This is due to the fact that these systems and 
platforms must not only provide modules for multimedia 
lectures and feedback, but also modules for remote access to 
given devices and structures, modules for scheduling of this 
access, modules for different user options and access rights, 
modules for remote evaluation of the conducted tasks and 
experiments and many, many more.  

II. GOALS, ADVANTAGES AND DISADVANTAGES OF ICT IN 

EDUCATION 

The modern educational institutions (Universities, Colleges, 
High Schools, Academies, etc.) aim at providing both 
effective and interesting materials and subjects. This can be 
achieved in several ways: 

 
• Availability and access of the educational resources – the 

most common way to access learning materials on a given 
topic is to search for them in the institutional library (if such is 
available) or in other printed sources like books, journals, 
papers, etc. With ICT and education fused together the study 
materials, as well as the presentation or in general the learning 
materials, are also accessible through the Internet from 
anywhere and at any time. 

 
• Teaching and Learning - the learning process can be 

made more effective and interesting by using ICT for teaching 
purposes. Some of the available technologies include audio, 
video and modern presentation devices (interactive 
whiteboards, projectors, etc.). 

 
• Assessments and Exams - online and electronic tests and 

exams are a way of improving the assessment and 
examination process. This approach provides several 
advantages for both the examiner and the student. While the 
student is impressed by the modern assessment methods, the 
examiner has the availability to randomize the sets of 
questions, to introduce questions with feedback or even small 
tasks (fill in the gaps, enter some output or even request 

several sentences of text or some sort of commands or source 
codes to be entered) and by this to enhance further the 
experience of the students. Additionally the automated 
evaluation of the exams is much faster and more importantly – 
it is removing the human factor in the examination process (no 
more allegations for favoring certain students). 

 
• E-Learning and distance learning – Implementing ICT is 

a great way to provide both e-learning and distance learning. 
Using the modern infrastructure and the available 
technologies, all teaching materials can be made available in 
the form of electronic presentations, video and audio files, 
podcasts, webcasts, guides and tutorials. Additionally, ICT 
makes it possible to access remotely modern onsite equipment, 
which otherwise would be impossible to use. This is providing 
a huge set of possibilities and is making it possible to provide 
state-of-the-art education to disabled persons, 
convicts/prisoners or students from all around the world. 

 
Despite its many advantages and possibilities there are 

many challenges, which hinder the fast implementation and 
integration of ICT in education. When teaching in the area of 
Information Technology, it is necessary to update the 
curriculum constantly, to deal with new challenges brought 
forth by students, and to modify teaching methods to 
accommodate these new situations. The challenges of 
Information Technology for Education are addressing a 
number of issues of the rapidly changing area of IT education. 
Some of the currently hot topics are – What topics are 
important for the modern world? How is the Internet affecting 
the teaching process? What is the role of the lecturer in the 
online learning? [11, 12]. 

Considering the speed of the information technology 
development that is emphasized throughout the literature and 
the need for IT instructors to constantly remain up-to-date 
with it [13], leads us to the following hypotheses: 

 
• The technology studied by the IT instructors when they 

were in school is not the one they must teach now. 
 
• The course syllabus of the introductory IT courses 

changes every two or three years due to the technology 
changes. 

 
• The instructors primarily self-teach new technologies by 

using textbooks. 
 
• The lack of time is one of the major challenges IT 

instructors face in their self-education. 
 
The blooming development of ICT increases the challenges 

both for instructors and learners every day. Based on the rapid 
development of the ICT technologies, the abovementioned 
hypotheses and the constant need for improvement in the 
education, the following key challenges can be identified: 

• Language Diversity and Content – The English language 
is the most widely used language in the Internet. Additionally 
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approximately 80% of the content in the WWW is in English 
[14]. All of the largest software and hardware companies are 
producing their products with guides, tutorials and help 
sections mainly or only in English.  

 
• Educators with proficient skills – Probably the worst 

case scenario is to have the most modern ICT equipment 
installed, but no one capable to work with it. The process of 
ICT integration in the education involves not only the 
purchase and installation of the best equipment, but also 
“educating the educators” how to use this equipment for the 
teaching purposes. Before presenting the topics to the students 
the teachers must know how and when to use ICT tools to 
achieve particular purposes. 

 
• Management of the integration process – Having the 

transition from one educational approach to another is difficult 
both for the students and the teachers. On many occasions the 
students will question and argue about the change in the 
educational approach, often pointing only the advantages of 
the old systems and the disadvantages of the new ones. The 
teachers will not accept the change very easily as well and 
will question the need to redo the lectures and the exercises on 
a given subject for the needs of the newly integrated ICT 
systems. Additionally, the vast majority of teachers are not 
proficient users of the new technologies, especially computer 
and telecommunications technology, so having them to 
implement ICT will be very difficult or even impossible. 

 
• Leadership issues - Integrating ICT in education requires 

a wide range of support, thus a strong leader with the 
necessary skills is required to gain it. Proper leadership is 
necessary before, during and after the process of ICT 

implementation or integration. Before the project is initiated, 
the leader must properly explain the model, the concept and 
the benefits of the ICT integration. During the integration 
process the leader needs to manage the changes and to protect 
the idea of the ICT integration in crucial or controversial 
moments. After the ICT integration process the leader is 
needed for providing consultations about the adaptability and 
flexibility of the integrated system and for providing ideas for 
even further widening and evolvement of the ICT system. 

 
• Underdeveloped or missing ICT Infrastructure – The 

main challenge for implementing ICT in the education is the 
availability of information and communication infrastructure. 
The main requirements are - appropriate rooms and storage 
facilities, computers or workstations, Internet access, 
electricity, telephony, etc. Despite the fact that we are living 
in the 21st century there are still large populated areas without 
supply of electricity or any telecommunication access or 
infrastructure. A different set of challenges is the underlying 
ICT infrastructure (if any) and its condition. 

III. ICT CONVERGENCE IN THE EDUCATION AND ITS IMPACT 

ICT plays significant role in the modern education systems, 
not only by providing possibilities for virtual education, but 
also by providing information and communication 
technologies for the in person education. Nevertheless, due to 
the rapid introduction of the new ICT systems and devices, 
many educational institutions have failed to keep to the pace 
and thus are providing “some sort” of ICT education services, 
but by the means of old fashioned and partially unsupported or 
obsolete technologies (Fig. 1). 

 
Fig. 1 ICT services without technological convergence

ICT infrastructures without technological convergence are 
still possible to see in the underdeveloped countries and the 
countries from the third world. Example of such ICT 
infrastructure for education is the one that provides ICT 

services using different network technologies and using 
different end user devices (Fig. 1). In more details, this ICT 
infrastructure could be a university ICT infrastructure, which 
consists of the university own TV channel, internal phone 
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system and local area network between the buildings in the 
campus. The implementation, support and management of 
such ICT infrastructure would be very difficult and would 
require separate support personnel, managers and engineers 
for every of the networks. A different problem is the cost of 
such an infrastructure, which is approximated at 3 times the 
cost of the single ICT converged infrastructure. 

Technological convergence if appropriately managed and 
implemented can play an important role in national economic, 
social and educational development for every country. Several 

factors are driving the convergence of Information 
technologies (IT) and Communication technologies (CT) and 
consequently, contributing to the integration and 
transformation of the technologies for educational purposes 
[12]. After years of evolution all ICT services are converging 
for both consumers and industry (Fig. 2). 

The ICT convergence is achieved in several levels – from 
common networks and transport protocols, trough 
multipurpose and multi-function services to the single all-
purpose end-user devices.  

 
Fig. 2 ICT services after technological convergence

Beyond the purely physical convergence of technologies 
into common transmission networks and all-purpose end user 
devices, the services in the modern networks are also moving 
from the high speed optical networks and the modern wireless 
networks to the cloud. Industries, consumers and education 
institutions can utilize those services through a variety of 
integrated smart devices.  

Some of the classes of the modern converged technologies 
can be summed up as: 

• Cloud technologies: Internet services, broadcast services, 
telecommunications value-added services 
 

• Pipe technologies: Traditional telecommunications network, 
Internet data communication network, cable network 
 

• Device technologies: Personal electronic devices, 
telecommunications premises, home entertainment boxes 
 
Dynamic connections of ICT services are shown on Fig.3. 

 
Fig. 3 Dynamic connections of ICT services [12]
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IV. CONCLUSIONS 

Although convergence presents many challenges to ICT, it 
will strengthen both industry and education. The development 
of cloud computing services and other modern IT systems and 
technologies will have huge impact on the education methods 
and processes. Current integration of Internet with IT and CT 
is transforming both industry and education and is enabling 
the development of new technologies providing the possibility 
to implement these technologies for the next generation of 
educational systems and approaches. 
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Abstract— Most of the global challenges the Europe face 
nowadays requires better Electrical and Information 
Engineering (EIE) education as the enabler of Europe’s 
industrial competitiveness. EIE higher education tested model 
curricula is one of the expected outcomes of the SALEIE 
(527877-LLP-1-2012-1-UK-ERASMUS-ENW) project. Prior 
designing any example of EIE curricula in the key challenge 
subjects it is necessary to identify and define what are the global 
technical challenges which may challenge both the EIE teachers 
and learners technical knowledge, creativity, adaptability, 
communication skills etc. This paper presents the preliminary 
results in describing and identifying the technical global 
challenges the EIE graduates may face following the next few 
decades and proposes top level criteria to analyse EIE curricula 
in strong connection with the graduate skills which the industry 
may require. 
 
Keywords— Electrical and Information Engineering (EIE) 
curricula, modern global technical challenges, top level criteria 
for an EIE curricula.  

I. INTRODUCTION 

The right skills for employability are a compulsory 
requirement which the European education and training 
systems face in order to provide the learners with experience 
closer to the reality of the working environment. Among the 
objectives related to better education and training systems a 
headline target of 40% of young people completing higher 
education is envisaged at the European level [1]. By 2020, 
20% more jobs will require higher level skills. Education 
needs to drive up both standards and levels of achievement to 
match this demand, as well as encourage the transversal skills 
needed to ensure young people are able to be entrepreneurial 
and adapt to the increasingly inevitable changes in the labour 
market during their career. 

More qualified professionals are required in management 
and technical (i.e. Science Technology Engineering 
Mathematics), job-specific skills which are hampering 
Europe’s sustainable growth objectives. It is estimated that by 

2015, there will be a shortage of ICT practitioners estimated at 
384 000 to 700 000 jobs, jeopardising the sector itself but also 
the ICT dissemination across all sectors of the economy. If 
referring the healthcare sector, a shortage of about 1 million 
professionals is expected by 2020. An additional 1 million 
researchers are needed to meet the ambitions of establishing 
an Innovation Union [2]. 

Most of the global challenges ([3], [4]) the Europe face 
nowadays requires better Electrical and Information 
Engineering (EIE) education as the enabler of Europe’s 
industrial competitiveness. EIE higher education tested model 
curricula, which is one of the expected outcomes of the 
proposed SALEIE project (527877-LLP-1-2012-1-UK-
ERASMUS-ENW), may better respond to the key current 
global technical challenges (i.e. green energy, the environment 
and sustainability; communications and IT; health; and 
modern manufacturing systems) it faces. A foundation of this 
project is to seek out best practices, share them and develop 
models of effective systems within EIE education across 
Europe.  

Within the engineering education system the students are 
primary stakeholders among the others like EIE teachers 
management leadership team, governmental agencies and 
industrial partners. Their proven innovative talent at the 
workspace is strongly related to the EIE curriculum providing 
them with knowledge, technical skills and related 
competencies [4].  It has been suggested that the engineering 
education curriculum should embed strategies that enables 
graduates to harness their full potential to play an innovator 
role upon gaining employment rather than knowledge base 
graduate [5]. Research is very important in electrical and 
information engineering but it has been stressed that of the 
same importance would be the way it is translated into 
faculties, courses and EIE curriculum in order to produce 
greater benefits for the all stakeholders [6].  

There is no doubt that enhancing competitiveness of EIE 
education within Europe, especially in relation to modern 
technical challenges, requires better EIE curricula with 

221

mailto:1mpobor@ee.tuiasi.ro
mailto:1mpobor@ee.tuiasi.ro
mailto:3glivint@tuiasi.ro
mailto:3glivint@tuiasi.ro
mailto:2cojocarudorian@yahoo.com
mailto:2cojocarudorian@yahoo.com
mailto:2cojocarudorian@yahoo.com
mailto:4tony.ward@york.ac.uk
mailto:4tony.ward@york.ac.uk
mailto:5ernest.cachia@um.edu.mt
mailto:5ernest.cachia@um.edu.mt
mailto:5ernest.cachia@um.edu.mt
mailto:6ninab@abv.bg
mailto:6ninab@abv.bg


module content, and well defined learning outcomes, level of 
achievement and assessment methods. This paper presents the 
preliminary results in describing and identifying the technical 
global challenges the EIE graduates may face following the 
next few decades and proposes top level criteria to analyse 
EIE curricula in strong connection with the graduate skills 
which the industry may require.  

II. KEY GLOBAL CHALLENGES THE EIE GRADUATES WOULD 

FACE FOR THE NEXT FEW DECADES 

Prior designing any example of EIE curricula in the key 
challenge subjects it is necessary to identify and define which 
are the global technical challenges which may challenge both 
the EIE teachers and learners technical knowledge, creativity, 
adaptability and communication skills. Among the idea of 
conceiving new curriculum aiming to attract and interest 
students in nanoscale science, large complex systems, product 
development, sustainability, and business realities there are 
opinions that humanities, arts, and social sciences are essential 
to the creative, explorative, open-minded environment and 
spirit necessary to educate the engineer of 2020 [7]. The way 
to integrate these aspects within new curriculum for EIE 
education remains a challenge.  

A number of fifteen global challenges (e.g. sustainable 
development and climate change, global convergence of IT, 
energy, science and technology, etc. [3]) which provide a 
framework to assess the global and local prospects for 
humanity have been identified. Most of them will require well 
prepared and innovative EIE teachers and graduates in order 
to solve their related technical problems. Some of the global 
technical challenges will be discussed bellow but the list is 
still open. 

A. ICT Convergence Challenges 

The Information and Communication Technologies (ICT) 
has become within a very short period of time the core of the 
modern societies. Throughout the world many of the 
developed and underdeveloped countries understand the 
importance of ICT and are implementing its concepts as part 
of their education programs. The education sector also 
recognizes the importance of ICT in supporting the 
educational improvement and reform and is trying by all 
means to fuse the modern technologies and resources with the 
various education strategies and programs. The following ICT 
key challenges can be identified: 

1)  Language  Diversity and Content: The English 
language is the most widely used language in the Internet. 
Additionally approximately 80% of the content in the 
WWW is in English [8]. All of the largest software and 
hardware companies are producing their products with 
mainly or only in English guides, tutorials and help sections, 
etc. 

2)  Educators with proficient skills: The process of ICT 
integration in the education involves not only the purchase 
and installment of the best equipment, but also “educating 

the educators” in how to use this equipment for the teaching 
purposes. 

3)  Management of the integration process: The 
transition from one educational approach to another is 
difficult both for the students and the teachers. On many 
occasions the students will question and argue about the 
change in the educational approach, often pointing only the 
advantages of the old systems and the disadvantages of the 
new ones. The teachers will not accept the change very 
easily as well and will question the need to rework the 
lectures and the exercises on a given subject for the needs of 
the newly integrated ICT systems. Additionally the vast 
majority of teachers are not proficient users of the new 
technologies, especially computer and telecommunications 
technology, so having them to implement ICT will be very 
difficult. 

4)  Leadership issues: Integrating ICT in education 
requires a wide range of support, thus a strong leader with 
the necessary skills is compulsory. Proper leadership is 
necessary before, during and after the process of ICT 
implementation or integration. Before the project is initiated, 
the leader must properly explain the model, the concept and 
the benefits of the ICT integration. During the integration 
process the leader needs to manage the changes and to 
protect the idea of the ICT integration in crucial or 
controversial moments. After the ICT integration process 
the leader is needed for providing consultations about the 
adaptability and flexibility of the integrated system and for 
providing ideas for even further widening and evolvement 
of the ICT system. 

5)  Underdeveloped or missing ICT Infrastructure: The 
main challenge for implementing ICT in the education is the 
availability of information and communication 
infrastructure. The main requirements are: appropriate 
rooms and storage facilities, computers or workstations, 
Internet access, electricity, telephony, etc. Despite the fact 
that we are living in the 21st century there are still large 
populated areas without supply of electricity or any 
telecommunication access or infrastructure. 

6)  Internet: Increasing the Internet capacity (more 
addresses, more storage and transport capacity, the future 
Internet should ensure that technological standards are 
harmonised across the EU so that devices and services are 
compatible); Making the Internet more user-friendly 
(improved search programmes; better tools to analyse, 
interpret and combine data into useful information that 
consumers and business can use to make decisions; broader 
access to Internet); Making the Internet safer and 
trustworthy – counteract hacking, phishing and other 
cybercrimes. 

Beyond the purely physical convergence of technologies 
into common transmission networks and all purpose end user 
devices, the services in the modern networks are also moving 
from the high speed optical networks and the modern wireless 
networks to the cloud. Industries, consumers and education 
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institutions can utilize those services through a variety of 
integrated smart devices. Some of the classes of the modern 
converged technologies can be summed up as: 

• Cloud technologies: Internet services, broadcast 
services, telecommunications value-added services. 

• Pipe technologies: Traditional telecommunications 
network, Internet data communication network, cable 
network. 

• Device technologies: Personal electronic devices, 
telecommunications premise, home entertainment 
boxes. 

B. Science and Technology Global Challenges 

Science and technology (S&T) are now progressing so fast 
that forces us to move faster in order to adapt to one set of 
breakthroughs before the next comes along, and the rate at 
“progress” is being made is accelerating. It has been suggested 
that per-force interlinked with this there are three factors, of 
coupling, communication and control, which are leading to 
challenges and opportunities never before experienced in 
human history [9]. Among different S&T global challenges 
robotics will be exemplified.  

One of the most rapidly growing application fields of EIE 
education is robotics. Robots developed from being pure 
positioning machines, whose purpose was to automate 
production processes, to full-scale humanoids, interactive 
teleoperated systems, or unmanned driving and flying systems. 
Robotics is a key transformative technology that can 
revolutionize manufacturing which is essential to the future of 
economic growth, the creation of new jobs and ensuring 
competitiveness. Technology areas (e.g. control planning, 
autonomy, artificial intelligence, etc.) that arise from the 
critical capabilities (e.g. human-robot cooperation, green and 
nano manufacturing, robotic minimally invasive surgery, etc.) 
required to impact robotics application domains opens a broad 
front for research and development.  

1)  Key challenges in medical and health care robotics[10]: 

• Robots for surgery and intervention: i.e. Magnetic 
Resonance Imaging-compatible teleoperated robot 
to remove the cancerous tissues; 

• Brain-computer interfaces able to control 
neuroprostheses; 

• Rehabilitation robots: the robotic device applies 
precisely the necessary forces to help the patient 
make appropriate limb movements. 

• Robot-based behavioral therapy: robot works with a 
child with neurodevelopmental disorders to 
provide personalized training for communication 
and social integration in the home. 

• Specifically designed robots: Personalized robots are 
given to the elderly and physically and/or 
cognitively disabled (e.g., Alzheimers/ dementia, 
traumatic brain injury). 

• Robots to promote wellness and health: personalized 
systems that monitor, encourage and motivate 
desirable health habits, including proper diet, 

exercises, health checkups, relaxation, active 
connection and social interaction with family and 
friends. 

2)  Key challenges in service robotics: 

• Mobility challenges: e.g. outdoor 3D navigation, 
navigation in crowds;  

• Manipulation in unstructured environments: grasping 
and autonomous manipulation, novel robotic 
hands, tactile sensing; 

• Motion planning: robust dynamic 3D path planning; 
robot’s ability to autonomously combine, 
interleave, and integrate the planning of actions 
with appropriate sensing and modeling of the 
environment (robot awareness); feedback planning 
and the integration of control and planning. 

• Environment sensing: dense 3D range sensing; skin-
like tactile sensors for robotic hands; high-level 
object modeling, detection, and recognition, in 
improved scene understanding, and in the 
improved ability to detect activities and intent;  

• Intelligent behavior: integrate specific skills from 
mobility, manipulation, planning, and perception 
to achieve safe, robust, task-directed behavior. 

• Human-robot interaction: modes of communication 
(e.g. facial expression recognition); intuitive user 
interfaces. 

There is also EIE curricula interest on subjects related to 
sustainable development (e.g. Design with components and 
technologies with focus on sustainability) and energy (e.g. 
renewable energy, design for energy optimization, etc.) which 
may require a large space to be treated. The author interest has 
been to show a way and some examples on how these global 
technical challenges can be identified and enlisted to be 
further taken into account for planned EIE curricula model.  

III. TOP-LEVEL CRITERIA FOR AN EIE CURRICULA 

A foundation of the SALEIE project is to seek out best 
practices, share them and develop models of effective systems 
within EIE education across Europe. Different existing 
programmes in the key challenge subjects will be analysed 
and a survey will collect the findings. In order to compare 
these programmes a set of criteria have to be defined and 
clearly explained. Of course, most of these criteria are per-
force interlinked and some could even be mutually dependent 
but they form a start point in proposing better curricula in the 
key challenge subjects. The identified top level criteria for a 
curricula are enlisted bellow. 

A. Sector/ academic relevance: Evaluation of what would be 
the extend that a curriculum respond to the labor market 
needs and how targeted it is. 

B. Flexibility (motivation) degree: It refers to the easiness in 
redrawing a curriculum in order to maintain its relevance 
or effectiveness. Many curricula from established 
professions and fundamental disciplines like say, 
mathematics, use curricula that have not changed much 
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over the years (e.g. due to the fundamentality of the 
subject-matter). In Engineering and Information Science, 
where strides in technology are common and supported 
business processes change with considerable frequency, it 
is important to create curricula that are open to change as 
much as possible with the minimal amount of effort and 
through a structure as clear as possible. Modularity is a 
necessary tool in creating flexible curricula. 

C. Modularity: This refers to the stand-alone capability of the 
various topics included in a given curriculum. Modern 
S&T curricula have to be constructed in a manner that 
topics are self-contained with clearly defined learning 
outcomes and yet have clear relations to other topics, both 
in and out of any particular curriculum. 

D. Stakeholder’s involvement degree in designing curricula: 
The curricula that are built through the eyes of one 
stakeholder, or a potentially biased group of stakeholders, 
very often try to satisfy their actual intent. But, the general 
intent of any S&T curriculum is to create professionals for 
society’s current and/or future needs. An S&T curriculum 
should therefore be both driven and driving. In this respect, 
curriculum construction can only benefit from the input of 
as many as possible players making up today’s academic 
community, local and global work field, and R&D needs. 

E. Degree of interoperability: It refers to the ability of the 
various topics within a curriculum to be more than just 
related to each other, but to also be mutually-supporting or 
mutually-sustaining. This criterion also refers to the fact 
that all taught material should contribute to the learning 
outcomes of the curriculum and should in no way draw 
unnecessary delivery effort to them at the detriment of 
other relevant material. 

F. Degree of conduciveness: Although curricula should be 
self-contained and meaningful in their own right, it is 
important to recognise the fact that most modern learning 
takes place at various levels and serves different purposes. 
Therefore it is vital for a modern S&T curriculum to 
clearly lead to further studies to meet learner’s expectance.  

G. Degree of applicability: Each country and each education 
establishment within it has its own characteristics and 
modus operandii, which can also entail cultural outlook. 
Any curriculum should take local applicability into 
account. On the over side, it is also true that in modern 
S&T education local characteristics are minimal or even 
non-existent, due to the scientific and technical nature of 
the material making it, to some extent, context-insensitive.  

H. Level of support: This criterion is closely linked to both 
the stakeholder spread and the sector/academic relevance 
ones. Any modern S&T curriculum requires the support of 
as many as possible players within the working world in 
which the learner is going to perform.  

I. Target level: A teaching material can be delivered at a 
certain level as long as the level is clearly defined 

beforehand. Delivering a curriculum or parts of, at the 
wrong level (e.g. to the wrong audience) can drastically 
dilute, or even nullify, its effectiveness. Learners can be 
quite selective in their assimilation. There is no doubt that 
the assimilation rate is directly related to the interest level 
of the learner, which in turn is related to the perceived 
alignment of the material to the inherent interests and 
goals of the learner. In short, the more targeted a 
curriculum is the more it is assimilated. 

J. Duration: Depending on the learning outcomes and the 
nature and level of the curriculum, adequate duration has 
to be considered. In today’s educational environment, if 
courses are deemed “too lengthy” they can readily be 
passed by in favour of shorter ones purporting to offer the 
same qualification level. Too short a duration and 
educators quickly find themselves having to cut corners on 
the material, and consequently the quality, offered through 
the curriculum. Duration is also an issue when it comes to 
making elements of a curriculum interchangeable. Modern 
curricula need to conform to set standards, be them local 
or international. Modern curricula also need to be able to 
accommodate distributed education (e.g. delivery spread 
over more than one establishment) even across national 
borders. Many EU programmes exist to facilitate this sort 
of collaborative educational. 

K. Learning outcomes: Just like any service provided, the 
expected outcome and product of a curriculum should be 
clearly defined as part of the curriculum itself. Learning 
outcomes are not only necessary for the learner to 
orientate him/herself, but also for the curriculum designers 
to allow them to focus on the intent of the curriculum as 
well as making sure that all its components are concerted 
towards the learning outcomes, and that the learning 
outcomes themselves are in line with the anticipated nature 
of graduate. All educational establishments following the 
Bologna Process produce curricula with declared learning 
outcomes and skill set definitions. The definition of a 
professional profile and learning outcomes is crucial for a 
top-down approach to curriculum design. 

L. Requirements and/or prerequisites: To gain the most 
benefit from what a curriculum has to offer learners must 
already have the necessary knowledge and skills to allow 
him/her to equitably follow the material set out by the 
curriculum. It is therefore important to include any 
expected prerequisites in terms of prior study-
units/modules, courses, experience, formal qualification, 
etc. as part of the curriculum itself. This will also ensure 
that the curriculum can be correctly deployed in various 
programmes and even at different levels as long as the 
prerequisites are satisfied. 

M. Valorisation level of growth aspects: This criterion 
represents the value that the curriculum would add to the 
S&T area it is related to and how and in what way it might 
influence the future development and direction of the area 
in question. Any modern S&T curriculum should contain 
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enough perspective material to warrant its use as 
something that will aid the growth of the area(s) it is 
associated with. Curricula that are designed without 
considering the direction and aspirations of the real-world 
areas they operate in will inevitably run out of steam and 
loose relevance much quicker than ones with more 
foresight. 

N. Organisation of curricula (both in terms of structure and 
calendar): The way all the different subject-matter relates 
to each other internally within the curriculum and the 
sequence in which it can be traversed is one aspect of this 
criterion. It is important the when designing a curriculum, 
the way it is to be navigated is well understood and 
deemed reasonable and sensible to follow. The topics 
should be related to each other, and to the intent of the 
curriculum in question, and the flow/transition between 
them should be as intuitive as possible. Another aspect of 
this criterion is the calendar duration and partitioning of 
the material. Many modern educational institutions share 
study-units within curricula between different degree 
programmes, so the correct incidence of material at the 
right time to be able to share with other programmes 
without causing undue extra burden to teaching staff, is an 
important consideration. Furthermore, the time allocated 
and intended placement of the curriculum as a whole will 
directly influence its utility and deployment possibilities. 
Curricula are usually set with definite semester structuring 
and placement in time. In today’s modern educational 
landscape, most curricula are designed in the context of 
collaborative action. Therefore, the right timings are 
crucial if the exchange of learners between collaborating 
entities is to be facilitated. 

O. Balance: This refers to the fact that every curriculum 
should have both a theoretical and/or conceptual as well as 
a practical dimension to it. It is important to understand 
this balance when designing its components. This balance 
is not something fixed or standardised and would depend 
on numerous factors such as, the nature of the discipline, 
the intent of the curriculum/course, the remit of the 
establishment, the targeted level, the duration and 
associated certification, and so on. Getting this balance 
wrong can result in the creation of curricula that lack in 
appeal or which produce the wrong type of graduate for 
the intended job sector. 

IV. INDUSTRY FEEDBACK 

The ultimate goal of the EIE education graduates would be 
to find a workplace where to perform in accordance with their 
acquired knowledge. Companies may benefit by employing 
these EIE graduates and therefore their feedback concerning 
the graduate required skills is of great interest. These required 
skills can be usually classified as: technical (e.g. ability to 
think mathematically, level of knowledge of a bunch of 
disciplines); personal (e.g. communication skills, ability and 
willingness to learn and to acquire new knowledge in a new 
field); professional (e.g. commitment to high standards, ability 

to deal with uncertain technical problems) and managerial (e.g. 
ability to work in a team, ability to manage time, financial and 
technical resources). 

Some preliminary data have been obtained within two 
surveys conducted by two SALEIE partners in UK and 
Romania (P12-TUIASI under the grant 
POSDRU/109/2.1/G/82350).  The first one, performed in UK, 
took into account recorded data related to the questionnaire 
answers received from 145 UK industry stakeholders. In the 
second one, 208 Romanian stakeholders provided their 
questionnaire answers.  

Analyzing and problem solving skills are the most 
preferred (approximately 34%) ones by the UK companies as 
graduate technical skills, while the Romanian companies 
prefers graduates with good IT knowledge and strong 
electrical engineering fundamental knowledge (39%). 

Personal and inter-personal skills are the most valuable 
(35%) graduate skills among the UK companies and are of the 
same interest (54%) for the Romanian companies. 

The graduate’s leadership and management skills record a 
30.7% of interest among the UK companies while for the 
Romanian companies they are at 24%. The Romanian 
companies show a higher interest on project management 
skills (30%) in graduates they intend to employ.  

It has to be mentioned that the recoded answers comes from 
a wide range of companies and future analyses has to focus on 
those which are most susceptible to hire EIE graduates. 

V. DISCUSSION AND CONCLUSIONS 

Both, the key global technical challenges relevant to the 
EIE education and the top-level criteria aiming to compare 
different EIE curricula, will offer the basis for a survey 
conducted to identify existing programmes orientated to the 
key global challenges. First step will be to gather example 
curricula with module content, learning outcomes, level of 
achievement and assessment methods. The module 
specification will include the scope and depth of generic 
competence development.  

For now, a four sections short questionnaire has been 
launched among the entire SALEIE consortium. It comprises 
questions aiming to identify existing programmes orientated 
to the key global challenges. The questionnaire first section 
gathers general data about the institution which delivers such 
curricula, the second one tries to identify which global 
technical challenge/s the curricula address and at which 
extend, the third section capture the curricula compliance rate 
with the above defined top-level criteria and the last section 
expects the written relevant participant comments as a first 
contribution for the planned survey. Next step would bring in 
a new questionnaire with more detailed questions to produce 
the expected clues for the SALEIE planned survey on the 
existing EIE curricula strongly connected to modern global 
technical challenges. 
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Abstract— Research and development have been speeding up in 

recent decades, especially in interdisciplinary and newly 

emerging areas. Since the students will be exposed to this 

situation immediately after graduation when they start their jobs 

it is desirable to involve them in research projects Through this 

work they acquire new knowledge and skills they will need in the 

future jobs. Moreover, they are frequently participating in 

strongly interdisciplinary research that requires orientation not 

only in engineering disciplines, but also in the other concerned 

areas. One of the typical exaplmes is the area of Biomedical 

Engineering. In this paper we will discuss several case studies of 

students´ involvement in research and present their research 

results. 

 

Keywords— Telemedicine, smart home, mobile applications, 

interdisciplinary research 

I. INTRODUCTION 

Nowadays, science and higher education have a close 

relationship and show increasing interdisciplinary co-

operation. This co-operation offers to enrich different 

disciplines with a wide range of knowledge that might offer 

new insights regarding the solution of existing problems. One 

of the typical interdisciplinary areas is Biomedical 

Engineering. It is a field of growing interest in education, 

research and practice as well. Czech Technical University has 

long-term experience in education and research in Biomedical 

Engineering. The development has found its reflection in 

establishing very close relations between research and 

education in Biomedical Engineering at CTU. In this paper we 

will discuss several case studies of students´ involvement in 

research. These case studies illustrate that engaged students 

are not only able to reach very good research results, but also 

help actively bring the research closer to other students. 

The student participation in research has several forms, 

namely it is regular part of their study in form of individual 

project, Bachelor or Master thesis, or they can be employed as 

junior researchers, usually as part-time employees. The 

students become regular members of research teams. In that 

way they also acquire the knowledge and skills necessary for 

team work. 

The discussed case studies are all from the area of 

biomedical engineering where the students work not only with 

engineers but also with medical doctors. That means they have 

to learn to understand language and approaches from another 

domain. We will present the students´ work in the next 

sections that are divided according to the main topics solved. 

II. TELEMEDICAL APPLICATIONS 

In telemedicine one of the most actual problem is to 

prepare the smart solutions, embedded devices and 

telemonitoring applications as user friendly as possible. 

Design and development of a kit for experimental 

measurement of physiological parameters [1] was motivated 

by the fact that the commercial products do not allow to 

acquire raw data from different steps of hardware processing. 

This kit allows us to monitor all crucial signals and values in 

real time and records them to a PC for future processing. It is 

primarily designed for oscillometry measurement of blood 

pressure, but it can be a very useful tool for measurement 

using the auscultatory method as well. The system is designed 

as modular containing input modules for monitoring various 

vital signs as ECG, NIBP and oxygen saturation, control 

module and telecommunication modules for streaming data 

using various wireless technologies like Bluetooth, GSM and 

WiFi. The input and telecommunication modules are 

interchangeable. The system preprocesses acquired signals 

using filtration, parameterization etc. It allows stream both 

raw data and only aggregated data. The monitoring part is 

supplemented by PC based part for storing data in database, 

prospective processing of data and sharing data with other 

systems. The system is user modifiable for wide range of use. 

Most of the development has been done by two students 

during the two years of their Master study in frame of their 

research work and finally in their Master theses. 
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Mobile CTG – Fetal Heart Rate Assessment Using Android 

Platform [2] has been motivated by requirements from the 

practice and possibilities offered by advanced technology. 

Cardiotocography – measurement of fetal heart rate and 

uterine contractions is the prominent source of information 

about the fetal well-being in the late stages of pregnancy and 

during the delivery. With the stable increase of systematic 

costs of western medical systems and with the lack of trained 

personnel especially in the rural areas of BRIIC countries, 

telemedicine solutions are destined for large range of users. 

The project proposes a solution for mobile fetal heart rate 

monitoring and evaluation running on Android platform. 

Additionally the application on the mobile Android device 

contains viewer of the signal that enables setting of customary 

thresholds levels for the analysis rules and gives user full 

control over the settings of the recording device. The basic 

processes are shown in Fig. 1. 

 

 

Fig. 1. Representation of the processes within the Android 

application. 

This student project is part of a large research project, on 

which the student Lukas Zach has been working since his 

Bachelor study. This year he finishes the Master thesis and in 

it he has continued in design and development of new 

modules for the project. 

III. SMART HOME APPLICATIONS 

Smart home applications are continuously arising as new 

sensors and systems appear on the market. It is also a very 

attractive area for students to develop various software and 

hardware applications. Since many of the applications are 

extensive the students have to work in teams, which is also a 

very good experience for their future. In this section we 

present briefly two of the student projects that were finalized 

as Bachelor theses. 

3D model of flats and houses project [3] has as the main 

aim design and implementation of a software component that 

creates easily configurable and interactive three-dimensional 

model of a flat or a house. This model serves especially for 

localization of persons moving inside the flat / house and also 

for control of some objects located inside the building. The 

component creates 3D model from easily editable bitmap 

pictures that contain a map of all objects creating one floor of 

the building. Each floor of the building has its own bitmap 

picture. Names and other properties, which cannot be 

expressed in a picture, are loaded from text file directly into 

the component (see Fig. 2). 

 

Fig. 2. Scheme of creation of models from the text files 

The interactive, universal and easily configurable 3D 

models can serve several purposes. In particular we can model 

distribution of objects and persons in a specified space (see 

Fig. 3). The specified space can range from simple one (small 

flat) to complex building having several floors. 

 

 

Fig. 3. Example of objects in space (table and chairs) 
 

The main purpose is the application for remote monitoring 

of movement of persons, e.g. patients and personnel. In that 

case real-time interaction and suitable visualization of 

localization (possibly movement) of a given person is 

necessary. This task has been successfully solved in the 

project (see Fig. 4). 

 

Fig. 4. Screenshot from the developed application (green blocks are 

identified persons in the space) 
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Interconnected project currently being solved is focused on 

recognition of behaviour patterns of a person with the aim of 

detecting non-standard situations. Such recognized non-

standard situations, as for example long stay in atypical spaces 

(toilet, bathroom, cellar) must be suitably indicated. Therefore 

the previously described project has solved visualization of 

various warning or dangerous states using for example special 

colour for indication of a particular person. Visualizations of 

multi-storey building is more complex and uses additional 

labels for indicating position or movement of a person. 

The next project builds on these results and develops 

applications for remote control of various home appliances. 

Thus the model is extended with components for visualization 

and control of the environment (door, window, TV set, etc.). 

Going further, this control can be really remote, namely not 

performed from the flat but from a distant place, e.g. control 

room. This can be the case of an immobile person.   

Last project in this section is focused on development of 

software tool for user’s actions prediction in smart home and 

smart environments [4]. This tool serves to improve life of 

users with limited mobility and reactions. Prediction should 

simplify and make faster user’s movement, stay and 

performance in the smart home environment. One of goals of 

this thesis was also to design a software library/modul which, 

on the basis of recording activity done it the past, predicts 

actions, which suit best to the current state as for example 

user’s position, time and sequence of previous actions. 

The presented projects are very good examples of 

interrelated topics where the supervisor suceeded to define 

clearly tasks for individual students on one side and strong 

interconnections on the other side. This approach allowed to 

develop step by step rather complex solution. 

IV. MOBILE APPLICATIONS 

With decreasing of mobile devices price the number of 

mobile applications has been growing. Especially in the field 

of personal health state monitoring the development of 

applications is very rapid. Actually we can measure many 

physiological parameters on a human body in relatively easy 

way: electrocardiogram (ECG), heart rate (HR), breathing rate, 

body temperature, blood pressure, etc. Besides that we can 

develop many applications that can help as guide people with 

various disorders, as for example bipolar disorder or diabetes, 

or motivate people to activate congnitive functions. In this 

sections we will show a set of student projects focused on 

these areas. 

The first project focuses on the issues of bipolar disorder 

(historically known as manic-depressive disorder) and 

examines the development of a mobile application and its 

integration with a web portal [5]. The mobile application is 

divided into two parts. The first part consists of a ‘mood 

meter’. The second part is intended to serve as a support tool 

for monitoring the health state of bipolar patients. Current 

mobile devices have a built-in accelerometer, which can be 

used for long-term monitoring of a patient’s physical activity. 

This allows us to calculate and record the circadian 

rhythmicity of patients over days, weeks or months. Almost 

every mobile device also has access to the Internet. This 

allows us to upload data from the mood meter and 

accelerometer (see Fig. 5) to the web portal, where further 

processing takes place. Both the patient and the doctor can 

view not only variables of circadian rhythmicity (IS, IV and 

RE) but also changes in the patient’s mood on the web portal. 

In this way the doctor can check the patient’s condition 

without the necessity of frequent visits. This eliminates 

unnecessary delays between the patient’s visits to his/her 

doctor. 

 
Fig. 5. Example of actigram recording over four weeks /(each row 

corresponds to seven days)  

 

In addition to actigram recordings the patient subjectively 

evaluates his/her mood. The values are available both for the 

patient and the doctor. With this knowledge the doctor can 

propose further treatment procedures. 

The next project has been focused on monitoring of burned 

calories at patients with the diabetes mellitus diagnosis [6]. 

The application was designed for mobile phones with Android 

operating system. It has the following main functions, namely 

diary (showing list of past activities together with burned 

calories) (see Fig. 6), recording of the physical activity (type 

and length) (see Fig. 7), and graphs (showing burned calories 

in defined time interval) (see Fig. 8). 

 

 

Fig. 6. Screenshot showing list of past activities with date, time and 

burned calories 
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Fig. 7. Screenshot showing input form for activity recording 
 

 

Fig. 8. Screenshot showing burned calories in graphical form 
 

Last two projects presented in this section focus on the 

topics linked with problems of Alzheimer disease patients. 

Topic of the first project is developing a mobile device 

application for Android operating system aimed to reduce 

decline of cognitive functions, especially for persons with 

mild cognitive dysfunction [7]. The application contains six 

games, namely N-back test; games with numbers and letters; 

game with sentences, which tests memorizing and 

understanding of sentences meaning; game with cubes that 

trains spatial memory, and a game with pictures aimed to find 

the correct picture among others. After the application was 

finished testing were held. Results of testing confirmed that 

even a senior that has never encountered mobile phone with 

touch screen is able to control the application without any 

difficulty. The application is aimed not only at stimulation of 

cognitive functions of patients with mild dementia but also for 

healthy persons because the mental training can keep the 

person more active in higher age. The application is easy to 

use even for persons without any previous experience with 

smart phones with touch screen. The advantage of the mobile 

application is that the person can use it anywhere and anytime. 

The screenshots of several implemented games are shown in 

Fig. 9 and Fig. 10. 

 

 

Fig. 9. Screenshot showing the sentence memorizing test (remember 

the sentence – left part; enter last word of the sentence – right part) 
 

 

Fig. 10. Screenshot of the cube game 
 

The mobile applications are accompanied with a web portal 

(see Fig. 11) that serves for monitoring and evaluation of the 

results. The intended users are the doctors caring for patients 

with Alzheimer disease. They can select a particular patient 

and see individual results and time series of the results. 

 

 

Fig. 11. Screenshot of the web portal showing results of the patient in 

the games 
 

Last presented student project is focuses on development 

and implementation of an application for mobile phones with 

Android operating system for navigation of persons with mild 

cognitive disorders [8]. The mobile application is linked with 

a web interface (see Fig. 12). It can increase the safety of 

persons suffering from Alzheimer's disease or another type of 

neurodegenerative disease. Primary it is a quick and timely 
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localization of a lost patient, which can reduce both mental 

and physical consequences, including life-threatening. Results 

of testing applications and website show that the system is 

functional and ready for wider practical use. 

The application for patient localization and navigation is 

primarily determined for carers, family members and doctors 

who represent an inseparable part of life of patients suffering 

from the Alzheimer disease. There are no increased demands 

on control on the side of the patient. The patient has the 

mobile phone with him/her and is localized using GPS. 

 

 

Fig. 12. Screenshot of the web portal showing localization of the 

patient and tracking on the map 
 

The implemented algorithm automatically connects to the 

internet, sends data about current position to the server and in 

case of alarms communications via SMS with responsible 

carers. If the carer has a suspicion of a lost patient, he/she can 

send a SMS that is evaluated by the patient phone itself and in 

the generated response it sends the current position of the 

patient. 

V. INVOLVEMENT OF INTERNATIONAL STUDENTS TO 

RESEARCH PROJECTS 

Till now we have presented results of our regular students. 

However we receive also many international students. And 

thus we would like to discuss briefly the issues related to them. 

In last two decades the number of incoming students from 

other countries has significantly increased. Most of them 

attend courses and do not participate in our research projects. 

There are students who come to work on their theses or final 

year projects and we have a very good experience with them. 

Separate group is represented by students coming for the 

summer internship because they have very limited time of 

three months to develop a project from the beginning, work on 

the implementation, perform tests and write the report. In 

recent years we have received relatively high number of these 

students each year and we have very positive experience. 

Maybe the point is that we have to write evaluation report on 

their work, which is received by their home universities. 

The students coming to work on their Master thesis of final 

year project stay usually the whole academic year and do not 

attend any course. Thus they can devote all their time to the 

topic. They become junior members of the research teams and 

work together with the researchers and Czech PhD and Master 

students on research projects. 

These students are able to produce excellent results during 

their stays. We should note here that these students enter into 

contact with the university and their potential supervisor very 

early (long time before their arrival) to define and (usually 

iteratively) finalize topic of their projects. Thus after arrival to 

the university they can immediately start their research. In 

recent years we have had several such hard working students 

that developed complete solutions on the given topic.  

Till now most of these students come thanks to 

recommendations of our colleagues at the student home 

university. This is the easiest and perhaps most reliable way 

how to get very good and enthusiastic students. In case there 

is no previous personal contact the situation is more difficult 

for both sides. The students learn about the offered topics and 

potential supervisors only from the web pages and sometimes 

do not have any exact idea about the place, working 

environment and demands laid on students.  

VI. CONCLUSIONS 

Student participation in research is an important part of 

their education. In practice they learn team work, they have to 

communicate with other researchers outside the team. We try 

to involve them in writing conference papers and journal 

articles. The most successful students can then present their 

results at prestigious international conferences. Some of them 

have already been co-authors of journal papers, which is not 

so usual in engineering domain. In the paper we presented 

examples of students´ results that were developed in various 

research projects and finished with viable implementation. In 

several cases the implementations are used in practice. This is 

also for us verification of quality of the student work. All 

these results have been achieved thanks to application of the 

project-based approach to education although we are not 

stressing this issue so much. We consider more important that 

the topics of student projects are not artificial but coming from 

real-life needs. We also asked the students about the reason 

why they selected a particular topic and their responses 

confirmed our prior assumption, namely they wanted to 

participate in real-life projects and utilize the possibility to test 

their results under real (or close to real) conditions. And in the 

best case to see their results being applied in practice. 
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Abstract— PRAXIS is the European Network aiming to setup the 
European Center for Project/Internship Excellence, which is 
developed for needs of project oriented education and between 
others also support internationalization at home and mobility of 
students abroad. Project/Internship course units are particularly 
relevant to engineering degrees. It is through this type of courses 
that students have the chance to practice their technical skills in 
a real-world-like setting and experience soft skills that are a key 
factor for employability. Besides students and teachers also 
companies and HEI are included and integrated into PRAXIS 
and new connections are possible. For needs of PRAXIS project, 
we did a PI survey in which students, HEI and companies where 
involved. We decided to have analysis for Slovenian student 
separately on the base number of completed 
questionnaires/partners ratio, which was the highest between all 
31 participating countries. 
 
Keywords— Students, Survey, Projects, Internships, 
Questionaire 

I. INTRODUCTION 
Research on Project/Internship questionnaire was 

conducted across 31 different European countries with the 
purpose of identifying the preferences of students with regards 
to their Project/Internship courses [1]. Questionnaire was 
completed by 1797 students. Among them 433 students from 
Spain from three Spanish partners and 288 students from 
Slovenia from the University of Maribor, Faculty of Electrical 
Engineering and Computer Science one of two Slovenian 
partners. We contribute most of questionnaires 278 out of 288. 
So ratio on the base number of completed 
questionnaires/partners was the highest. 

In the survey we included students from all three levels of 
studies – bachelors, masters and doctoral students. In the 
analysis we decided to take only bachelor students, which are 
mostly involved into Project/Internship courses, while master 
and doctoral students usually make a decision for Erasmus 
Internship.  

The paper is presenting findings of the Slovenian part of 
the study as defined above. 

II. METHODOLOGY 
The survey was conducted online using the questionnaire. 

Students at different courses at the Faculty of Electrical 
Engineering and Computer Science were asked to fill in the 

questionnaire. Mostly these were courses from study program 
Informatics and also from the study program Media 
Communication and study program Computer Science 

The questionnaire is organised in 6 sessions: Institution 
data, Information on students, students’ preference on 
Project/Internship, Students selection criteria for 
Project/Internship, Students benefits on Project/Internship and 
Comments. 

For data analysis we have used IBM SPSS Statistics 21 [2]  
[3]. Preliminary results of the survey are presented in 
frequency and descriptive statistics tables for specific parts of 
the survey [3]. 

III. RESEARCH 
Research on Projects/Internships offered to students was 

carried out in Slovenia at the University of Maribor, Faculty 
of Electrical Engineering and Computer Science in 2013, from 
January until end of March. Preliminary results are presented. 
Finally, the survey included 216 students from the bachelor 
study programs of Faculty of Electrical Engineering and 
Computer Science. Students were taking part in following 
courses: Databases (2 different courses), Databases for Media, 
Databases and Modelling and Programing for Media. 

 

A. Demographics 
In Table 1 the descriptive statistics for demographics show 

analysis of age, gender, degree/level of the program and year 
of study in the program of students who filled in the survey. 
As seen in the table, the mean age of the students was 20.28 
with s.d. of 2.03. All the students were in the bachelor level of 
the program. 
  

TABLE I 
DESCRIPTIVE STATISTICS FOR DEMOGRAPHICS 

Descriptive Statistics 
 N Range Min. Max

. 
Mean Std. 

Dev. 
Stat. Stat. Stat. Stat. Stat. Std. 

Error 
Stat. 

Age of the 
student 
(full years) 

216 23,0 18,0 41,0 20,287 ,1381 2,0302 
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Gender 216 1,00 ,00 1,00 ,2454 ,02935 ,43131 
Degree/lev
el of the 
program 

216 0 1 1 1,00 ,000 ,000 

Year of 
study in the 
program 

216 2 1 3 1,75 ,040 ,595 

Valid N 
(listwise) 

216       

 
Taking into account that this is a technical faculty, 75.5% 

of students were male as seen in Table 2. Most of female 
students were from Media Communication program. 
 

TABLE II 
GENDER 

Gender 
 Freq. Perc. Valid 

Percent 
Cumulative 

Percent 

Valid 
Male 163 75,5 75,5 75,5 
Female 53 24,5 24,5 100,0 

Total 216 100,0 100,0  
 

Students mostly stated that their area of study is Computing and 
IT (n=208) as seen in Table 3. Most of the students, who filled the 
survey, were students of Informatics and Computer science and 
around 50 students were from Media Communication study program. 
It is interesting that also those students selected as a field of study 
Computing and IT. Seems that they misunderstood the question and 
make a decision on the base of the course in which they were 
completed questionnaire. 

 
TABLE III 

AREA OF STUDY 

Area of study 
 Freq. Perc. Valid 

Percent 
Cumulative 

Percent 

Valid 

Computing and 
IT 

208 96,3 96,3 96,3 

Education and 
training 

1 ,5 ,5 96,8 

Engineering 5 2,3 2,3 99,1 
Social Sciences 1 ,5 ,5 99,5 
Services 1 ,5 ,5 100,0 
Total 216 100,0 100,0  

 
Students were mostly in the 2nd year of study (n=127) as in 

Table 4. 
 

TABLE IV 
YEAR OF STUDY IN PROGRAM 

Year of study in the program 
 Freq. Perc. Valid 

Percent 
Cumulative 

Percent 

Valid 
1st year 71 32,9 32,9 32,9 
2nd year 127 58,8 58,8 91,7 
3rd year 18 8,3 8,3 100,0 

Total 216 100,0 100,0  
 

B. Analysis of preferences regarding Projects/Internships 
In this section we have analysed the results from students 

about their view of Projects / Internships.  
67.1% of the students would rather work in a team than as 

individuals (see Table 5). What we can estimate as a positive 
for their future work in companies. 
 

TABLE V 
ORGANIZATION OF THE WORK IN THE COURSE 

Organization of the Work in the Course 
 Freq. Perc. Valid 

Percent 
Cumulative 

Percent 

Valid 
individual 71 32,9 32,9 32,9 
team 145 67,1 67,1 100,0 
Total 216 100,0 100,0  

 
Table 6 presents preference of national or international teams. 

Students prefer national teams (56.5%) to international teams 
(43.5%). The preference to international teams is over 40%, what is 
surprising and positive, while not so many students are taking part in 
the Erasmus and other mobilities. 
 

TABLE VI 
NATIONAL OR INTERNATIONAL TEAMS 

If team - national or international? 
 Freq. Perc. Valid 

Percent 
Cumulative 

Percent 

Valid 

national 
(local) 

109 50,5 56,5 56,5 

international 84 38,9 43,5 100,0 
Total 193 89,4 100,0  

Missing System 23 10,6   
Total 216 100,0   

 
Table 7 presents that students would rather work in real 

teams (94.3%) than in virtual teams. 
 

TABLE VII 
REAL OR VIRTUAL TEAMS 

If team - real or virtual? 
 Freq. Perc. Valid 

Percent 
Cumulative 

Percent 

Valid 

real team 183 84,7 94,3 94,3 
virtual 
team 

11 5,1 5,7 100,0 

Total 194 89,8 100,0  
Missing System 22 10,2   
Total 216 100,0   

 
Mostly students prefer working in groups of up to 8 persons 

(95.9%), out of which 51.5% prefer teams with less than 4 
persons and 44.3% prefer teams with 4-8 persons. Also this 
we can estimate very positive, namely teams up to 4 people at 
least for Project/Internship are easy to master in the way that 
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all members are contributing equally, while by bigger teams 
we can have some hidden not active members. 

 
TABLE VIII 

SIZE OF THE TEAM 

If team - size of the team? 
 Freq. Perc. Valid 

Perc. 
Cumulative 

Percent 

Valid 

small team 
(less than 4) 

100 46,3 51,5 51,5 

medium team 
(4-8) 

86 39,8 44,3 95,9 

large team 
(over 8) 

8 3,7 4,1 100,0 

Total 194 89,8 100,0  
Missing System 22 10,2   
Total 216 100,0   

 
As seen in Table 9, 61% of students (n=131) prefer home 

institution as the most appropriate place when they would be 
looking for Project/Internship. Abroad would be prepared to 
go 56 students, what is confirming the surprise, while double 
of this number is interesting in international teams. There 
were only 35 students (16%) who would be looking for a 
Project/Internship in a virtual environment. 

 
TABLE IX 

PLACE OF WORK 

Descriptive Statistics 
 N Range Min. Max. Mean Std. 

Dev. 
Stat. Stat. Stat. Stat. Stat. Std. 

Error 
Statistic 

Home 
institution 

216 1 0 1 ,61 ,033 ,490 

National 
company 

216 1 0 1 ,44 ,034 ,498 

Research 
lab 

216 1 0 1 ,41 ,034 ,493 

Abroad 216 1 0 1 ,26 ,030 ,442 
Virtual 216 1 0 1 ,16 ,025 ,369 
Valid N 
(listwise) 

216       

 
Students mostly prefer project combined with internship 

(46.3%) or only project (43.1%) as an option (see Table 10). 
 

TABLE X 
PROJECT / INTERNSHIP OPTION 

Project/Internship option 
 Freq. Perc. Valid 

Percent 
Cumulative 

Percent 

Valid 

Project 93 43,1 43,1 43,1 
Internship 23 10,6 10,6 53,7 
Project combined 
with internship 

100 46,3 46,3 100,0 

Total 216 100,0 100,0  
 

Table 11 shows that students (n=213) would mostly prefer 
duration between 1 and 3 months (44.1%) and between 3 and 
6 months (29.1%) for a project / internship. Only 10.8% of 
students prefer longer duration for a project / internship. From 
experiences we can conclude, that most of students decided 
for 1—3 month Project/Internship, would prefer 2 month 
Project/Internship. 

 
TABLE XI 
DURATION 

Duration 
 Freq. Perc. Valid 

Percent 
Cumulative 

Percent 

Valid 

less than 1 
month 

34 15,7 16,0 16,0 

1 to 3 
months 

94 43,5 44,1 60,1 

3 to 6 
months 

62 28,7 29,1 89,2 

more than 6 
months 

23 10,6 10,8 100,0 

Total 213 98,6 100,0  
Missing System 3 1,4   
Total 216 100,0   

 
Students (n=209) have been given an option of full or part 

time mode (see Table 12). 56.9% selected full time option and 
43.1% part time. 

 
TABLE XII 

MODE 

Mode 
 Freq. Percent Valid 

Percent 
Cumulative 

Percent 

Valid 

full 
time 

119 55,1 56,9 56,9 

part 
time 

90 41,7 43,1 100,0 

Total 209 96,8 100,0  
Missin
g System 7 3,2   

Total 216 100,0   
 
Students had to estimate, how relevant are specific 

characteristics for them when they are selecting 
Project/Internship on a 5-degree Likert scale (1-least 
important, 5-most important) [4],[5]. With a mean 4.21 the 
most important characteristic was ‘Subject/topic’ and the 
characteristic ‘Chances to get a job upon conclusion of the PI 
course’ had a mean 4.09. The least important characteristics 
were ‘Brand’ (mean=3.25) and ‘Being abroad’ (mean=3.24). 
Again we have to conclude that students are less interested for 
mobility as for other options. In the case of Slovenia survey 
we have to add in the future some sub questions to find out 
why all with internationalization connected questions are 
negative except international teams. 
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TABLE XIII 
THE MOST RELEVANT CHARACTERISTICS FOR STUDENTS WHEN SELECTING 

THEIR PROJECT/INTERNSHIP 

Descriptive Statistics 
 N Range Mi

n. 
Max. Mean Std. 

Dev. 
Stat. Stat. Stat

. 
Stat. Stat. Std. 

Error 
Stat. 

Company 216 4 1 5 3,71 ,061 ,895 
Brand 216 4 1 5 3,25 ,063 ,925 
Salary/scholars
hip 

216 4 1 5 3,99 ,060 ,884 

Subject/topic 216 4 1 5 4,21 ,053 ,782 
Being abroad 216 4 1 5 3,24 ,071 1,036 
Working in a 
team 

216 4 1 5 3,46 ,076 1,120 

Chances to get 
a job upon 
conclusion of 
the PI course 

216 4 1 5 4,09 ,062 ,908 

Valid N 
(listwise) 

216       

 
74% of students believe that the main benefits of 

Project/Internship will be ‘Getting experience on a field of my 
own interest’ and 71% of students believe they will benefit for 
a ‘Chance to be employed by the company/institution offering 
the PI’. Over 50% is estimate also ‘Working in a professional 
setting’ and close to 50% is also ‘Working on a real-world non-
academic assignment’. As surprise we would estimate that now, less 
than 50% of students (43%) are interested in team work, while other 
results showed more interest for this form of working.  The smallest 
amount of students (9%) believes they will gain ‘Autonomy’. 
Also getting to know labour reality was estimate low 
independent to the benefit for future work and possibilities on 
labour market (see Table 14).  

TABLE XIV 
MAIN BENEFITS OF PROJECT/INTERNSHIP FOR STUDENTS 

Descriptive Statistics 
 N Rang

e 
Min. Max. Mean Std. 

Dev. 
Stat. Stat. Stat. Stat. Stat. Std. 

Error 
Stat. 

Chance to be 
employed by 
the 
company/inst
itution 
offering the 
PI 

216 1 0 1 ,71 ,031 ,456 

Getting to 
know labour 
reality 

216 1 0 1 ,38 ,033 ,488 

Working in a 
professional 
setting 

216 1 0 1 ,58 ,034 ,495 

Working on a 
real-world 
non-academic 
assignment 

216 1 0 1 ,47 ,034 ,500 

Autonomy 216 1 0 1 ,09 ,020 ,291 
Working in a 
team 

216 1 0 1 ,43 ,034 ,496 

Getting 
experience on 
a field of my 
own interest 

216 1 0 1 ,74 ,030 ,439 

Valid N 
(listwise) 

216       

 
If we summarise the Table 14,  both highest believes are 

expected, because students want practical experiences and are 
prepared to put more energy in Project/Internship courses as 
in any other course with a high expectation for practical 
experiences and more chances on labour market . 

 

IV. CONCLUSIONS 
The presented survey and the analysis are shown the 

interest of students for Project/Internship at the Faculty of 
Electrical Engineering and Computer Science, University of 
Maribor in study area Computing and IT. Most of the results 
are expected. Some unexpected results were commented next 
to tables that present results.  

We have to point out that more work is needed in 
internationalization towards mobility, while most of students 
would like to stay in home surrounding, what will make there 
possibility lower at the labour market.  

Interesting would be also comparison to the master degree 
students, but for this we have to obtain more answers from 
those students. Also comparison with Spanish results could be 
interested on the base of high number of response comparable 
with those from Slovenia.  

ACKNOWLEDGMENT 
The work and the outcomes described in this paper are due 

to the PRAXIS – European Centre for Project/Internship 
Excellence consortium and to the dedication of all partners 
involved in it. 

This work has been funded with support from the European 
Commission under grant 518811-LLP-1-2011-1-PT-
ERASMUS-ENW. This publication reflects the views only of 
the author, and the Commission cannot be held responsible for 
any use which may be made of the information contained 
therein. 

We wish to acknowledge Aida Kamišalić Latifić, Andrej 
Sevčnikar, Borut Zlatolas, Lija Emmelin Verneli and Marko 
Hölbl for their help in collecting the results for the survey that 
we analysed. 

We thanks also to students who took time and collaborate 
in the survey. 

REFERENCES 
 
[1] Technical report of  Praxis 2013, April 2013. 
[2] SPSS software. Available: http://www-

01.ibm.com/software/analytics/spss/, May 21, 2013. 
[3] Argyrous G., Statistics for research : with a guide to spss, 3rd ed. 

Thousand Oaks, CA: Sage Publications, 2011. 

238

http://www-01.ibm.com/software/analytics/spss/
http://www-01.ibm.com/software/analytics/spss/


[4] Likert R.., A Technique for the Measurement of Attitudes. Archives of 
Psychology 140: 1–55, 1932. 

[5] Norman G., Likert scales levels of measurement and the “laws” of 
statistics. Advances in Health Science Education. Vol. 15(5) pp. 625-
632, 2010. 

 

239

https://en.wikipedia.org/wiki/Rensis_Likert


Interdisciplinary projects - cooperation of students of 
different study programs 
Jaka Polutnik#1, Marjan Druzovec#2, Tatjana Welzer#3 

#University of Maribor,  
Faculty of Electrical Engineering and Computer Science 

Smetanova ulica 17, 2000 Maribor, Slovenia 
1 jaka.polutnik@uni-mb.si 

2 marjan.druzovec@uni-mb.si  
3tatjana.welzer@um.si 

 
Abstract— Projects and Internship that students are usually 
involved are part of their study programs and are from that 
reason one disciplinary oriented. Nowadays in real life, project 
teams are interdisciplinary and quite often also international. 
Also projects and internships demand interdisciplinary 
cooperation which is not so easy to organise in the frame of study 
programs. It demands a lot of organisational work and 
agreements between teachers from different disciplines how to 
prepare projects, how to distribute and evaluate workload that is 
demand for each discipline. More common are interdisciplinary 
projects that are not part of study programs and students are 
cooperating in them for other reasons and motivations. In our 
contribution we will present two case studies from the University 
of Maribor, Faculty of Electrical Engineering and Computer 
Science, Institute of Media Communication. 
 
Keywords— Interdisciplinary projects, Projects, Internship, 
Study program, Cases 

I. INTRODUCTION 
Nowadays project activities in companies and all around 

research world – universities, research institutions are more or 
less interdisciplinary oriented and need for their success 
interdisciplinary teams in which every discipline and 
belonging expert work is covered by best experts as possible. 
During the study students are also working in teams, but those 
are usually one discipline teams because it is from 
organisational point of view as well as workload point of view 
and evaluating quite difficult to organise interdisciplinary 
teams.  

More easily is this done by activities that are not part of 
regular education, for some volunteers’ projects and 
competitions like Imagine Cup from Microsoft that is 
successful organised in last years all over the world.  

II. CASE STUDY A 
With a year 2010 students of Media communication started 

with an annual event called Media day. In it's origin it was an 
event that showed all media communication students' 
potentials, knowledge, skills, ideas and last but not least their 
work during the academic year. To make the event more 
attractive, many guest lecturers from the field of media 
communication were invited. The event was warmly welcome 
and students made the event traditional.  

During the first event many mistakes were present, mostly 
in the organization process. To make the event better and 
more interested to the public, the event organization had to be 
on a higher level. In the second year the whole event was 
made by students of Media communication alone again. These 
students had enough knowledge from public relations, 
journalism, organizing skills, design, production and enough 
background of informatics to prepare the whole vent by them. 
With some experiences from the last year the event was better 
organized, but quite on the students limits.  

In the third year of Media day a change was made. A strong 
idea about organizing an International Student Film Festival 
brought a new dimension to the event. Majority of work was 
still done by students of Media communication since their 
interdisciplinary fields of education enabled them to cover 
most of the tasks for such event. Even so, a strong background 
of informatics was needed to ensure a strong and qualitative 
support for the festival. The registration process itself was not 
a problem since it had to save some data to database and 
collect all films. Bigger challenge was to enable a public to 
vote during the festival. Students predicted several scenarios 
but they could not provide the knowledge to realize ideas. At 
that time it was still soon enough to invite students of 
Informatics science to help them.  

The students of Informatics science were challenged to 
prepare an online framework for: 
• Registering and collecting all data for films 
• Voting a film by public from a single computer, where 

one person can vote only for one film from the list (and 
not all of them) in a certain period of time 

• Voting a film by public using mobile phones and 
scanning QR codes. 

• Calculate results of voting based on minimal number 
of votes per film to add the film to the list and two 
methodologies: absolute votes and relative votes  

• The voting system has to be user friendly and easy to 
use. 

Students had a wish, that points 2 and 3 could be related to 
each other. In a case someone would vote over internet 
already would lose a right to vote with mobile phone. This 
was not a requirement, so many solutions were skipped this 
wish. 
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Students of Informatics were doing this job as volunteers, 
but their professor took their work as an equal supplement for 
their original task. Since this challenge was quite interested, 
few smaller groups were working on this requirements. 
Mostly they were doing independently since students of 
Media communication could not help them with anything 
more than suggestions. A student from Media communication 
was a link between both groups, but he didn't have much to do 
since all documentation was well prepared and students of 
Informatics knew exactly what to do.  

After a month and a half results from students of 
Informatics were presented. All three solutions were good and 
easily adoptable. Students had to choose one and adopted it. 
With common condense by both sides one of solutions was 
implemented and should be used at the event. Unpredicted 
complications on the spot, which were beyond students’ 
capability, prevented using this system for real. Nevertheless 
both teams were proud on cooperation and results: students of 
Media communication got a decant system for their ideas, 
which could not be done by themselves, and students of 
Informatics could test their knowledge in real working 
environment instead of working some exercises with smaller 
true value. The development of the system could continue in 
the future since the film festival will continue next year.  

 

III. CASE STUDY B 
Microsoft organize an annual event Imagine Cup for best 

software developers in the world. Students of the Faculty of 
Electrical Engineering and Computer Science are successful 
in this competition and they are regularly part of the final 
battles. Most teams are gathered together by students of 
Informatics and computer science. They provide interested 
ideas and the implementation of selected idea. The team can 
have up to four members and a mentor. Since ideas are very 
complex and need a lot of men power, all members the team 
are usually from the previous mentioned groups of students.  

Nevertheless a good idea is not enough. To win the 
competition on any level the idea has to be presented in a 
suited package. In last few years more and more teams asked 
students of Media communication if they can help them 
preparing a suitable designs, animations, ads etc. In most 
cases another team of students of Media communication is 
gathered together and they are working as an independent 
supported group.  

Original team of students of Informatics is working on their 
solution several months. At least a month and a half before the 
deadline students of Media communication become part of a 
story. Both groups have some meetings as a consultations to 
prevent misunderstandings or preparing materials in a wrong 
directions. The leading team of students of Informatics gives 
exact instructions, what do they want, and students of Media 
communication suggest them, what can work and what can 
not. At the end they have to work as one team, otherwise the 
final product won't convince the jury.  

Again both teams have benefits out of it. Students of 
Informatics got a promotional package which is equally 
important for their solution as original idea. Usually such full 
solution is good enough to start a business out of it. Students 
of Media communication can't be part of the team officially 
and they can not go with original team to the next level of 
competition. But what is important for students is the 
recognition of their work. Their name is shown in 
international field, their work is part of an excellent solution 
and as such easier shown. The last but not the least 
ImagineCup is a worldwide brand and this is a strong 
reference, even student is not part of a competitive team. 

IV. CONCLUSIONS 
The presented cases are showing that interdisciplinary is 

part of real life and that introduction of interdisciplinary 
projects into regular study programs is necessary.    
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Abstract— This paper introduces a nationwide project, the 
purpose of which is to extend collaboration between technical 
universities and secondary schools and to motivate prospective 
university students to enter an engineering branch.  It describes 
specific steps and key activities that should make engineering 
education, science and research more popular and attractive for 
youngsters who are deciding about their future career. 
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I. INTRODUCTION 
As we can observe the decreasing interest in engineering 

disciplines together with demographic curve fall and 
economic recession, the number of new students entering 
technical universities becomes lower and lower, year by year.  
It appears to be necessary to fight this unfavourable trend in 
the early stage – i.e., to introduce engineering, science, 
research and development to the pupils at secondary (and even 
elementary) schools in a way that can attract their attention 
and interest, showing that they can learn many new things 
about technology, still having fun with it; this approach is 
discussed e.g. in [1].  These ideas are behind the project “CTU 
in Prague popularization of science and research”. 

II. PROJECT OBJECTIVES 
Specific activities include pupils’ competitions supervised 

and evaluated by university teachers, visits and presentations 
of experts at schools, encouraging to publish the students’ 
results on a specialized web portal [2], so-called winter 
schools (lectures and presentations at the laboratories of the 
university), and also guidance of talented students in their own 
projects. 

The main goals of the present project can be summarized as 
follows: 

• Making the career in science attractive for young people, 
• Improving of overall scientific and engineering 

competences and, consequently, support for 
understanding of science by youngsters, 

• Stimulation of scientific research leading to its higher 
quality, 

• Development of creative thinking, communication and 
learning skills that help to succeed in the modern labour 
market, 

• Learning about new techniques, principles and 
procedures, and their application in research, 

• Identification of talented students and their motivation 
for involvement in scientific, research and other special 
activities, 

• Sharing of the students’ own research results with other 
young scientists, mutual verification and correction of 
their knowledge, 

• Motivation for further research and learning, 
• Introduction of selected activities of the university. 

III. KEY ACTIVITIES 
The following paragraphs provide summary of the key 

project activities designed to attract the interest of students 
and pupils from secondary and elementary schools. 

The complete list of the key activities contains the 
following items: 

• Junior academy, 
• Identification of talented students, 
• Systematic work with secondary school students, 

popularization of CTU’s R&D results, 
• Edutainment module, 
• Popularization of research in transportation (specifically 

in Ústí nad Labem region), 
• Interactive web portal for biomedical technologies, 
• Bachelor study in biomedical technology for science 

and research, 
• Popularization of science and research in biomedical 

and clinical technology – doors open days at the Faculty 
of Biomedical Engineering in Kladno, 

• Popularization of science and research through Czech 
TV broadcasts. 

Let us now describe in detail those activities, which are 
directly related to the Faculty of Electrical Engineering (FEE). 

A. Seminars, Publishing, Science and Research at CTU 
This part of the project consists in systematic promotional 

activities. Participants of the seminars held in the premises of 
the Czech Technical University in Prague (CTU) get familiar 
with the current progress and results of science and research at 
the university.  During the project implementation period, 
eight one-week winter seminars are planned for the total 
number of 140 students who will be invited from the whole 
territory of the Czech Republic (except Prague).  The topics 
include physics, telecommunications, electrical engineering 
and information engineering. 

The participants are informed about the rules of scientific 
work and publishing of scientific and research results.  They 
are also introduced to the CTU laboratories and to the specific 
research that takes place there.  The goal is to deepen the 
interest of secondary school students in science and research 
and to stimulate publishing of their own results. 
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Another fundamental activity is systematic work with 
talented young people.  After the conclusion of the winter 
seminars, experts from the FEE will take care of their 
professional growth based on individual approach.  The 
students will be given the chance to participate in selected 
experiments.  The experts in the role of mentors will lead 
them to active participation in publishing and dissemination of 
science and research results.  The publishing portal is an open 
interactive system based on MediaWiki (see [4] to get an idea 
how it works), and it is referenced from the project homepage.  
Besides publishing it will provide tools for discussing about of 
the published texts, for their editing and for communication 
within the community and towards the wider public.  
Publishing at conferences and in journals will be also 
encouraged and supported. 

B. Popularization through Czech TV Broadcasts 
The purpose of this activity is to make a series of 

documents providing an overview of the most recent scientific 
and research achievements at the CTU.  The total number of 
these documents should reach twenty, and each of them 
should introduce the hottest news in technical research – with 
special focus on such projects where students are also engaged 
in the implementation teams. 

This series of documents is aimed mainly on young people, 
seeking to motivate them for studying technical disciplines.  It 
will be possible to access the individual documents directly 
from the web portal of the project. 

Similar activities were already attempted in the past (see 
e.g. [5]), but they did not involve the participation of a public 
broadcasting authority. 

C. Students’ Competition 
Pupils of elementary schools and students of secondary 

schools are offered the chance to take part in a nationwide 
knowledge-based competition.  As a first step, it includes an 
online test with random generation of questions verifying 
general knowledge in technical disciplines (its level 
corresponds to the respective category (below or over 15 
years). 

The second step consists in making of a presentation on a 
freely selected topic related to technical areas – especially 
electrical engineering, electronic communications or 
information technologies.  Students of secondary schools can 
also present a design and production of a simple device (most 
welcome) or a software application in which they have 
participated.  The best participants are then invited – together 
with their teachers – to Prague where the final round is held.  
The winners and their schools obtain a financial support 
amounting to several hundreds of Euros. 

Several dozens of pupils / students have participated in the 
first year of the competition. 

D. Motivation Lectures at Secondary Schools 
Experts from CTU continuously contact secondary schools 

and offer motivation lectures for their students.  These lectures 
or seminars have similar objectives as the events held directly 
at the university, i.e. to show the students that they should not 

be afraid of science and technology and that particular 
problems of technical areas may be attractive or even amusing 
when the approach, attitudes and goals are set suitably. 

E. Web Portal of the Project 
The web portal of the project [2] provides continuously 

updated information about project activities.  It offers specific 
events and encourages personal involvement of the relevant 
groups.  As it aims primarily at the youngsters, its graphical 
design should evoke freedom and fun, in contrast to the usual 
stereotypes related to academic research (see Fig.  1). 

 

 
Fig.  1  Sample of the project graphics referring to various aspects of science 

 
The web portal is also the main communication channel 

between the implementation team ant the target audience, i.e. 
pupils / students and their teachers. 

IV. CONCLUSIONS 
The purpose of the presented project is to motivate young 

people to deal with technical disciplines, to attract their 
attention to science and research, and to persuade them that a 
professional career in engineering areas might be a good 
choice even in the post-modern world.  We are convinced that 
this is one of the ways that can help us overcome the current 
lack of students at technical universities, and in the future it 
will substantially contribute to the long-term sustainability 
and stability of our society and culture.  The results achieved 
so far confirm that this is a promising approach and that we 
should continue in our effort. 
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Abstract—Nowadays, international collaboration and teamwork 
are fundamental skills in modern project development. 
Therefore, it is important to prepare university students to 
handle this working approach and to have this mindset.  
 
However, these skills are neglected in the curricula of most 
universities. The aim of the Erasmus Intensive Programme 
TrabHCI (Technologies to Reduce the Access Barrier in Human 
Computer Interaction) is to train international computer science 
and engineering students in team skills and in human computer 
interaction technologies. As a motivation, technological 
challenges for disabled people were presented to the students, 
followed by a series of lectures on novel human computer 
interaction technologies including gesture, speech and 
handwriting recognition as well as language understanding. 
Instead of conventional ex-cathedral teaching, a learning-by-
doing approach was used in teaching. This paper describes our 
experience along many years in the Erasmus Intensive 
Programmes and, more specifically, in our last Erasmus IP 
project. 
 
Keywords — Collaborative learning, Problem-based learning, 
Human Computer Interaction, European dimension, Erasmus 
Intensive Programmes 
 

I. INTRODUCTION 
Nowadays, international collaboration and teamwork are 

fundamental skills in modern project development. Therefore, 
it is important to prepare university students to handle this 
working approach and to have this mindset.  

However, these skills are neglected in the curricula of most 
universities. The aim of the Erasmus IP (Intensive 
Programme) TrabHCI (Technologies to Reduce the Access 
Barrier in Human Computer Interaction) is to train 
international computer science and engineering students in 
team skills and in human computer interaction technologies. 
As a motivation, technological challenges for disabled people 
were presented to the students, followed by a series of lectures 
on novel human computer interaction technologies including 
gesture, speech and handwriting recognition as well as 
language understanding. Instead of conventional ex cathedral 
teaching, a learning-by-doing approach was used in teaching.  

The students were guided to work in international groups 
and to organize themselves in the design and development of 
assigned projects. As a result, the students quickly learned the 
required theory, understood the needs of the end users and 
developed working prototypes.  

Starting year 2014, the programme will aim to move the 
focus of the project works more towards the business point of 
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view. The fields of application of the explored natural user 
interface (NUI) technologies will be actively searched by the 
students according to the business opportunities provided. In 
close cooperation with companies of different business areas, 
the project groups will innovate and implement novel 
applications based on the proposed NUI technologies. The 
projects may include, for example, implementation of 
contactless operation of applications in industrial or clinical 
environments, where protective clothing or hygienic reasons 
prevent from direct contact with the devices. 

II. RATIONALE AND BACKGROUND 
The partner universities of the TrabHCI Erasmus IP have 

been cooperating since year 1998/99 in the area of artificial 
intelligence, user interfaces and internet application in 
different forms.  The cooperation started in the project “Open 
to Europe – Artificial Intelligence – Internet Course Design” 
in the framework of the Intensive Programmes of the 
SOCRATES programme.  The coordinator of the project was 
HTW Dresden (Germany). In this framework, three intensive 
programmes were accomplished: 1999/2000 in Lahti 
(Finland), 2000/2001 in Valencia (Spain) and 2001/2002 in 
Manchester (UK). These intensive programmes were 
recognized as regular studies of the participating students by 
the partner universities. In 2002/2003 no financial support was 
given to the project, but an intensive programme with 
shortened duration (only one week) was organized in Dresden 
(Germany). It was fully financed by the partner universities 
and students.  

All partners estimated as a positive experience the joint 
work in the previous project. So, we applied for a continuation 
focused on the user interface aspects for intelligent internet 
applications. A new project “User Interfaces & Intelligence 
Internet Applications” was accepted and three intensive 
programmes were accomplished: 2003/2004 in Zaragoza 
(Spain), 2004/2005 in Lahti (Finland) and finally 2005/2006 
in Valencia (Spain). The experience was found highly 
positive, the students worked in projects using state-of-the-art 
user interfaces as speech interfaces, graphical interfaces, and 
XML for developing internet applications. For 2006/2007 
there was no financial support, but we organized a short 
intensive programme in one week in Manchester (UK).  

For the period 2007 to 2010, a new project focused on the 
new topic of “User interfaces for Ambient Intelligence” 
started.  The project was granted by the Erasmus Spanish 
National Agency and coordinated by the University of 
Zaragoza, Spain. Three Intensive Programmes were 
accomplished: 2007/2008 in Dresden (Germany), 2008/2009 
in Zaragoza (Spain) and 2009/2010 in Lahti (Finland).  

After these successful Intensive Programmes relating 
Artificial Intelligence, Internet applications and Ambient 
Intelligence, we decided to move to new challenge scenarios 
related with human computer interaction. So, we applied for a 
new project, related with the new technologies to reduce the 
access barrier in human computer interaction. The next 
Section is devoted to this project. 

III. TRABHCI (TECHNOLOGIES TO REDUCE THE ACCESS 
BARRIER IN HUMAN COMPUTER INTERACTION) 

The current project, “Technologies to Reduce the Access 
Barrier in Human Computer Interaction (TrabHCI)” is, at this 
time, in its third year. In 2010/11 it was held in Valencia, the 
following year in Zaragoza and this year in Rome. It is an 
Erasmus Intensive Programme granted by the Finnish 
National Agency under the contract number 2012-1-FI1-
ERA10-09684. The IP consortium is composed by: 

• Lahti University of Applied Sciences (Finland, 
coodinator), 

• University of Zaragoza (Spain), 
• University of Applied Sciences Dresden (Germany), 
• Universitat Politècnica de València (Spain), and 
• University Roma TRE (Italy) 

The project aims to improve the educational process in the 
participating universities in the area of design and 
development of Human Computer Interfaces to reduce the 
access barrier to the new global information society. The IP is 
focused on the emerging technologies to improve the 
accessibility and usability of the computers by non-expert 
users. The IP has put special emphasis on new technologies 
that will help to users with disabilities, which are typically not 
considered during the design and evaluation of human 
computer interfaces. Students will be immersed in the study of 
new technologies associated with user interfaces. The present 
programme is addressed to last year bachelor students or 
master students depending of their speciality. They will be 
involved in international teams to work over a real scenario 
during the IP. The IP lasts 2 weeks (10 working days) in 
which students and academics are working together on the 
following three topics: 

1. Natural user interfaces: speech, handwriten, and 
gesture interfaces 

2. Natural language understanding 
3. Kinect interaction and programming 

The intensive programme is strongly focused on 
multidisciplinary area where developers and users should 
work jointly. The consortium itself is highly multidisciplinary, 
some partners are specialist in informatics and mathematics, 
some in augmentative and alternative communication 
technologies, some in visualization, virtual worlds 
applications and artificial intelligence, covering important 
aspects of the whole human computer interaction scenarios. 

None of the partners could cover alone the 
multidisciplinary aspects of the topic. Each partner has 
experience in aspects as speech or handwriting user interfaces, 
visualization, virtual and augmentative reality, networks, 
adaptive learning and so on. This intensive programme is a 
way to define a joint programme of study covering many 
important aspects of human computer interaction, allowing to 
the students to have a full view of the emerging technologies 
for future human computer interaction.  

As the IP is focusing on emerging human computer 
interaction technologies, one of the objectives of the project is 
to involve enterprises and institutions as users or developers 
of these new technologies. So, the purpose is to collaborate 
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with users and developers from outside the partner universities 
during the IP programme. 

A. Project Objectives and Innovative character 
1. To propose a multidisciplinary course on emerging 

technologies to introduce the human experience for 
next generation of human computer interaction that is 
not offered in any of the participating universities. 

2. To introduce students to advanced technologies and 
work on them in an international team with an 
emphasis on multidisciplinary project work.  

3. To understand the problem of accessibility and 
usability as the needs of users. A shift from the 
narrow view of who constitutes "the user" to a broad 
view is the first step towards improving the 
accessibility of human-computer interaction for all 
users. 

4. To experiment on new forms of interaction student-
teacher, virtual and augmented environments. 

5. Generation and improvement of educational 
materials on the topic of the course, web 
development course. 

The novelty of the course lies in presenting the emerging 
Human Computer Interaction Technologies from the point of 
view of the user and the accessibility and usability of the 
technologies for barrier-free access to the information society. 

The students are going to be introduced to different 
technologies related with the human experience for the next 
generation of Human Computer Interaction (HCI) and in the 
user experience. Examples of technologies which will be 
introduced in more or less detailed are: speech technologies, 
biometrics, visualization, computer graphics, brain computing, 
semantic processing, virtual worlds, handwritten and gesture 
recognition. The user experience will be a central role on the 
activities related with the application of the technologies. 
Theoretical introduction to the technologies and project works 
using the technologies for HCI will be the main activities of 
the IP. Students will work with the technologies to build next 
generation of human computer interaction.  

B. European dimension 
All partner universities aim to go deeply into European 

cooperation in the areas of teaching and research. The whole 
project contributes to the intensive programme concerning the 
development of new teaching concepts and materials in the 
area of the information technologies and the training of 
selected students in the most modern contents. The parallel 
activities for teacher and student exchange, for the 
development of common curricula and for the preparation of 
common research projects are substantially promoted by the 
whole project. The project works into the internationalization 
for those students who cannot go for one or several semesters 
abroad. The purpose of all partner universities is to offer a 
European dimension to more and more students, to offer them 
a possibility to learn how people from different European 
cultures communicate and work. The students will be taught 
the basics of intercultural communication in order to support 
their international learning process.  

IV. LEARNING METHODOLOGIES 

Α. Collaborative learning 
Collaborative learning is a concept which is close to and 

easily mixed with the concept of cooperative learning. They 
both are classified as an interactive learning method and rely 
on constructivism. Common to both is that they include 
dialogue between the teacher and the students but especially 
between the students. Teacher’s task is to communicate the 
relevant vocabulary and structures but by the peer 
communication the students will learn to understand and 
evaluate different viewpoints and opinions [5]. 

Panitz (1999) [5] makes a throughout comparison of these 
two approaches and manages to draw a distinctive line 
between them. One methodological difference lies in the 
teacher’s role. In cooperative learning the teacher controls the 
flow of the learning process by making explicit questions and 
providing explicit information in between the student 
interaction. In collaborative learning process the teacher’s role 
is more of a facilitator. Upon the publication of the given 
problem the students should organize the search of data by 
themselves as well as be self decisive of what comes to 
amount and quality of collected information required to solve 
the problem. 

Dillenbourg [6] boils down the main difference between 
these two such that with cooperation the group of actors will 
solve the task together by possibly splitting the workload into 
separable subtasks which are solved individually by the group 
members while in collaboration the actors will work together. 

Dillenbourg further articulates the variance of the concept 
of ‘Collaborative learning’ by collecting together number of 
articles discussing this issue with different viewpoints.  

Firstly, it points out the variety of different suggested 
meanings of word ‘learning’ in this concept. As conclusion, 
the interaction between peer learners includes and leads to, for 
example, explaining, disagreeing, justification and 
construction of common rules which all may cause cognitive 
mechanisms such as knowledge elicitation or internalisation. 
These activities and mechanisms are possible with individual 
learning as well, but collaboration increases their frequency. 
On the other hand, collaboration alone does not guarantee any 
of these mechanisms being triggered [6]. 

Dillenbourg lists four categories of ways of how to increase 
the probability of this kind of interaction to occur. This list 
starts with the general set up of the situation such as the group 
size and the degree of diversity amongst the learners. 
Secondly, it describes the approach where the learners are 
given specific roles that they should or are forced to follow in 
the interaction, for example by demanding a different specific 
viewpoints from different participant even though they would 
not follow the participants’ own thinking. Another two 
categories include setting up specific rules for communication 
and monitoring and regulating the interaction by the teacher. 
First of these is, for example, a rule that all participants have 
to participate in dialog with their own opinion. The latter one 
addresses the teacher’s role as a facilitator in giving small 
hints leading the discussion towards the wished conclusions 
[6]. 
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Secondly, Dillenbourg analyses the different definitions of 
word ‘Collaborative’ in this concept. This analysis points out 
four different aspects of learning that makes difference in the 
amount and quality of collaboration. These aspects are the 
already mentioned situation, interactions, learning 
mechanisms and the effects of collaborative learning [6]. 

A collaborative situation is symmetric between the actors. 
This demands that the peers are in some sense on the same 
level or status. They should, for example, have the same status 
in the community, allowed to perform similar actions and 
have similar level of knowledge. The last requirement does 
not necessarily mean that the knowledge is about the same 
topic or viewpoint, actually for a fruitful collaboration 
different directions of expertise enhance each other and may 
lead into solutions that none of the individual participants 
could have reached alone [6]. This phenomena is related to the 
concepts of Collective Intelligence [7] and Collaborative 
Innovation [8].  

In a collaborative situation the actors should also have a 
common goal and the work should rather be done together 
than split between the actors leading to a low level of division 
of labour. Split of the workload into subtasks done 
independently between the group members is rather 
cathegorized as cooperation than collaboration [6]. 

Dillenbourg defines the collaborative interaction from three 
different viewpoints which are interactivity, syncronicity and 
negotiability. The interactivity point of view addresses not the 
absolute frequency of interaction but merely the amount of 
cognitive processes it triggers. The synchronity measure refers 
to “doing together” synchronously rather than working 
parallel in an asynchronous manner which, again, is the nature 
of cooperation. Finally the negotiability of the interaction 
means that there exists a mutual agreement about the space of 
negotiation which is not controlled by the hierarchical status 
of the actors but rather by the standpoint and justification of 
the arguments [6]. 

Collaborative learning mechanisms include also 
mechanisms known to operate for individuals while each actor 
of course acts in the process also as an individual. These 
mechanisms are, for example, induction, cognitive load, self-
explanation and conflict. Mechanisms that are suggested to be 
more specific to collaborative situations are called 
internalization, appropriation and mutual modeling [6]. 

Β. Problem-based learning 
Problem-based learning (PBL) is a method used first in the 

field of medical science in the 1950’s. Gradually it’s 
principles were started to be applied also in other sciences, 
especially on different disciplines of engineering [9][10]. 

The key principle of PBL lies on the fact that when a 
person solves a problem, learning occurs. The difference 
between PBL and traditional formal teaching methods is that 
in PBL the problem is given before the learning step. PBL is 
based on the same primary assumptions of constructivism as 
collaborative learning including, for example, the big role of 
interaction in the construction of the knowledge, 
acknowledgement of the existence of different viewpoints to 
each phenomenon and that internalization of knowledge 

happens when the abstraction of the theory can be related to 
working context in a practical way.  

The problem assigned to the students will give the context 
and motivation for the students to learn. The topics aimed to 
be learned are organized around the given problem, but the 
eventually learned topics and the learning process itself will 
however be controlled by students only. Teacher’s role in the 
process is, as with collaborative learning, rather a role of a 
general facilitator and a supporter of the thinking process than 
of an instructor and director of the process [9]. 

In [11] it is described a study where PBL was applied in 
teaching the principles of programming by assigning students 
to programming tasks with the programming language Linden 
Scripting Language of the 3D virtual world of Second Life. 
The authors conclude that Second Life can be a good way to 
introduce students into principles of programming and that the 
novice students may benefit from application of PBL around 
Second Life programming tasks. An observation made in this 
study concerns of the need for availability of the teacher 
support during the problem solving.  

V. TRABHCI LEARNING METHODOLOGIES 

A. Pedagogical and didactical approaches 
The Intensive Programme will include the two weeks 

intensive course around March where students will learn the 
theory and tools for next generation of HCI. During the IP 
course the student will work in international teams over an 
HCI scenario. The outcome will be a first project draft and 
presentation. The Intensive Programme includes an exam and 
an oral presentation of the projects. The students will achieve 
ECTS credits and grades. The students will receive all the 
non-copyright teaching material as well as the open source 
software used for the projects. 

The project work guarantees a good training in the new 
challenges and technologies for future HCI. Hence, the 
lectures in the intensive program can be carried out from a 
high technical level and in a high interactive way between 
students and lectures. The intensive program will consist on 
lectures, practical exercises, consultations and evaluations (see 
Fig. 1). In the remaining time, the students will apply their 
new skills and knowledge in their project work.  During the 
intensive program the students will work basically in teams of 
different nations. TrabHCI implementations meet the 
definitions of the collaborative learning and problem-based 
learning in many ways. Each course has consisted of two 
separate design and implementation problems the student 
groups have had to solve in collaboration by applying the 
technologies provided by the teachers. 

The lessons that start each week introduce a few 
technologies that usually are novel to most of the students. 
Teachers facilitate the project work by providing the tools and 
the task assignment, which is some specific problem that can 
be solved by the lectured topic. The students in each group 
come from different partner Universities and therefore have 
different backgrounds and different focus in their previous 
studies. The level of the students is still more or less equal, 
therefore the situation is symmetrical as described by [6].  
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Fig. 1  Detailed program for the second week in the TrabHCI Erasmus IP 

(Rome, May 2013). 

 
Moreover, within each group, the students collaboratively 

set up the goals and detailed decisions of the output. Teachers 
are present in the situation and are to assist the groups but 
avoid giving direct advices of what to do. 

The project results are communicated to fellow groups 
during a presentation and demonstration session in the end of 
the course period. Also, written reports are being published on 
the programme web site.  

As of year 2013 edition of this programme the students 
were brought to visit at a school or other institute of children 
with sensomotoric limitations prior the IP weeks at their home 
countries. During these visits the students had a possibility to 
see the potential effects of disabilities in using information 
technology and also were introduced in the methods of 
rehabilitation applied. The experience approved to be an 
important source of inspiration. On the IP course, after the 
HCI technologies had been introduced the students were asked 
to think of possible applications that could be applied amongst 
the focus group either for helping the children to communicate 
with computers or other people or to function as a helping 
device in the rehabilitation or training process of them. The 
student groups each presented many good ideas and each 
selected one idea to be implemented as a project. 

B. Students and Academics 
In every involved University, motivated students of the 

higher bachelor semesters or master students will be selected 
yearly at the beginning of the autumn semesters by the local 
university teacher. 

The students, which are direct beneficiaries of the project, 
will be students from higher bachelor semesters or master of 
informatics, media informatics, economic informatics, 

technical informatics, electronics and telecommunications. 
Students will be selected by the local University teachers after 
the preparatory meeting, taking place in the November or 
December. The rules for student selection are: 

• Students, who have not used the Erasmus exchange 
program, will have priority to participate in the 
intensive program to allow them to have a European 
dimension experience.  

• Academic records. 
• Letter of motivation. 

Once selected, the IP coordinator will contact them to 
present the project and to give instructions for the intensive 
programme. 

As the IP project is focused on specialised technologies, we 
expect the participation of around 6 or 7 teachers and around 
25 students.  

C. Students’ projects and Evaluation 
The project is focused on the extensive use of HCI-based 

content, services, pedagogies and practice, bringing together 
students and staff of different European countries. So the 
project encourages multinational teaching of a specialist HCI 
topic that needs the collaboration of different specialists. The 
project enables students and teachers to work together in 
multinational groups and so benefit from special learning and 
teaching conditions not available in a single institution. The 
project allow members of the teaching staff to exchange views 
on teaching content and new curricula approaches and to test 
teaching methods in an international classroom environment. 

The monitoring and evaluation process will begin with the 
preparatory meeting, at least three months before the IP 
schedule, will follow during the IP days and will finally with 
the final work presentation of the international student teams. 
Each student project will have a responsible teacher who will 
interact with the student’s teams, he will take care of the use 
of the electronic communication tools and he will monitor the 
advances on the respective student projects. This evaluation 
will focus on the performance of the students, their 
satisfaction degree and benefits of the IP objectives on their 
curricula. 

The academic board will propose a questionnary to be filled 
by students and teachers to evaluate the evolution of the IP 
projects. 

D. ECTS Credits 
The recognition of the achievements occurs according to 

curriculum of the concerning university: in Rome, Valencia 
and Zaragoza the students will get free choice credits or 
associated to the lab work of a regular subject, in Dresden and 
Lahti as an independent seminar/workshop. The assessment is 
carried out by the respective university teacher.  The partner 
universities have approved to award up to 4 ECTS credits to 
students participating in the intensive programme. 

VI. CONCLUSIONS 
This paper describes our experience since year 1998/99 in 

the Erasmus Intensive Programmes and, more specifically, in 
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our last Erasmus IP project. All the projects belonged to the 
area of artificial intelligence, user interfaces and internet 
application in different forms.  Four different triennial projects 
were financed: “Open to Europe – Artificial Intelligence – 
Internet Course Design” (2000-2002), “User Interfaces & 
Intelligence Internet Applications” (2004-2006), “User 
interfaces for Ambient Intelligence” (2008-2010), and the 
current one, “Technologies to Reduce the Access Barrier in 
Human Computer Interaction (TrabHCI)” (2011-2013). Note 
that when no European financial support was given, an 
intensive programme with shortened duration was also 
organized, fully financed by the partner universities and 
students. So, the universities are successfully collaborating 
continuously for more than 15 years, with a high level of 
satisfaction in students and teachers. 
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