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INTRODUCTION

Aerospace Engineering education : the need for European hamwnisation

The PEGASUS network of European aerospace universities was foumde2B8 in
Toulouse. The idea of PEGASUS originated from a growing ewess within academia that the
European aerospace industry was on the track of a strong cotioantrith no equivalent in any
other industrial sector. At that time, when the major emplogémngineering graduates were
about to be reduced to a small number of key players, the engmeducation institutions could
hardly remain isolated. At the other end, aerospace resdacchaal been reinforcing its ties for
years. Therefore, only engineering education would still have beéteredaamong tens of
institutions across Europe, with just a few academic ties threpgradic student exchanges or
joint research projects. PEGASUS was born as an initiafiseademia to accompany research
and industry in their move towards more synergy and effectiveperation.

One characteristics of aerospace engineering is that hdEuabpean countries are
similarly involved in it (some countries are even not involaedill), which is less true for other
engineering domains such as mechanical or electrical faigs engineering. At the same time,
being part of the high technology sector, aerospace is considezedadm countries with no or
little aerospace industry as a field of interest for improving overall level of engineering
education and research. Geared towards the highest qualityitetieshigh-technology sector of
aerospace, PEGASUS was first conceived as a restricgegdonk of the main aerospace
universities of the main aerospace countries and their parffleesefore, the initial founding
members group was deliberately limited to 20 universities {8 European countries so that the
first required analysis of aerospace engineering educatidd beudone efficiently. In a second
phase, PEGASUS has begun to open its membership to more aenaspacsities (see list of
current members page 8), the admission being granted based gporofaadmission criteria
established by the T®PEGASUS Council meeting held in Delft in March 2003.
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As the most integrated industrial sector in Europe, aerogjgecbe seen as a real chance
for the harmonisation of engineering education. Long-standing psoggad structures have
actually been launched years ago at the European Union leve¢momeader, in order to try to
harmonise engineering education across all its domains, but arghlittle success in the end:
engineering education is just too wide and too diverse to be frammeedimple, comprehensive
set of criteria. On the other hand, engineering education in the siogpain of aerospace may be
easier to overlook. This was one of the leading ideas for thearred PEGASUS : to build up a
comprehensive understanding of what "aerospace engineering educatians in Europe, and
then bring that knowledge to our integrating industry, in an interagihozess of self-
improvement. This action line has lead to the current cataloguaemfspace engineering
education [Programmes in Europe. Its first version was publish&eDi2, revised three years later
in 2005 (2¢ edition). This is the third version (2009).

Why PEGASUS ?

BACKGROUND: In Europe and worldwide, the aerospace industry is involved in an
intense restructuring process that transcends national boundariedemasts. Increasingly the
market polarises into several sectors, not only Europe and Mordrican alone anymore, but
also new, emerging countries in the aerospace industnheAsdame time in Europe, there is a
move directed by the individual Ministers of Education to harmoniskehigducation (The
Sorbonne / Bologna Declaration). For some nations this involveteg®ange than for others.
For all, however, it involves only structure and not contentthef education and training
programmes. As a consequence, it does raise the question as terwhetbt improvements can
be made to those programmes offered by academia to the aerasghastry. Additionally, there
remains the fact that our industry is in danger today of logt@ppeal in the face of other
growing industries, including services, with the possible consegubatthere will soon begin a
move of intellectual capital away from the aerospace progres.

GENERAL OBJECTIVES OF PEGASUS: In full recognition of these facts, PEGASUS
has been formed from an initiative taken by the main Frencimd@saEcoles involved in
aerospace engineering. The general objective of PEGASISaptimise the services that its
member institutions offer in the best interests of Europe bo#rmstof continuing to attract the
best students and also to offer highly relevant educational andralesg@grammes. Co-
ordinated change and innovation will be required to achieve objedtivbe defined through
close links and interaction with our aerospace industry and rel@amrnment / accreditation
agencies. The members of PEGASUS have collaborated forigemmsad-hoc manner (largely
supported by EU funding through the ERASMUS programme) but now wistiotk more
closely together in a manner that better satisfies the nedtieiostudents and their employers
across Europe. Today more than 2500 aeronautical engineers graduatéhéromember
institutions of PEGASUS each year.
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SPECIFIC OBJECTIVES: To achieve the general goals of PEGASUS, it is esséimit
there exists, on an on-going basis, a close working relationshipthetiEuropean aerospace
industry and Government Agencies. At the simplest level onewaiold be to accelerate the
process by which employers within each nation of Europe understandilgnddpreciate the
nature of the programmes of study offered outside their own couanry,so assist in the
‘European-isation’ of employment opportunities. A more important aiouldv be that of
tailoring the student experience so as to maximise the advatt@ayesan be associated with the
multi-language, multi-culture nature of our industry (as opposéuetsingle-language culture of
the competition). Even more importantly, PEGASUS members engire that together they
offer a range of high quality and efficient programmes of suppoding:

Degree-awarding programmes
Continuing Education
Research

International cooperation

Essentially, PEGASUS aims to offer itself as the Europgartal for higher education
services in aerospace engineering.

ACTIONS TAKEN TO DATE: Working groups have been established to identify the
areas of focus and steps to be taken for each of the progrdisteésibove. The members have
signed aPartnership Agreement (or “PEGASUS Charter”) on the common objectives of
PEGASUS and these are reflected in the tasks set for the MydBkoups. The emphasis on all
affairs will be that of high level, high quality activitiasth the highest degree of relevance to the
needs of the European industry and member States.

Progress has been made in the definition of the upper aerospaoceeeing level
requirements behind the granting of a Europ€amtificate in the education and training of
aerospace engineers and also ofAAWARD in recognition of an individual student’s multi-
national experience (see Section 3M).this respect, all partners have agreed on a specific
curriculum description format, enabling an immediate understandinigebindustry of the level
of education provided by the members. Other collective actionswmelertaken or completed, in
partnership with the aerospace industry, like REEGGASUS-AIRBUS Roadshowqfrom 2002-
2003 onwards) and the implementation of a European component to the anndgsharican
Institute of Aeronautics and Astronautics) student paper conopetithe PEGASUS-AIAA
Student Conference(from 2005).European student conferences, within this framework, were
held in Toulouse (2005), Munich (2006), Naples (2007), Prague (2008) and Toulaise a
(2009).

After the initial launching phase, PEGASUS was able to emaé&new members based
on the new admission procedure defined in 2003 (see admissiomachiédow): TU Dresden
(September 2003), Universita di Napoli — Federico Il (March 20@4ijutio Superior Tecnico
(IST), Lisboa (March 2004), Universita degli Studi di Roma @apienza, October 2004).
Another university, Universidad de Sevilla (Spain) was aeckas a Probationary Member for 2
years in October 2008.

6/87



AEROSPACE ENGINEERING PROGRAMMES

Further actions were launched recently: creation ofRE6GASUS Foundation (July
2007), based in Delft (the Netherlands). The Foundation aims at proVREGASUS with a
suitable financial framework to secure funding for European-wideegiojrelevant to the
PEGASUS objectives.

A study about aoluntary accreditation systemfor Aerospace Engineering education in
Europe was conducted by PEGASUS members for the European Uniemmeadations were
delivered in December 2006.

During the Spring 2008 meeting in Prague, PEGASUS decided ate ca®EGASUS
Business Clubthat should become a forum for structured and regular interactioredretine
PEGASUS academic members and the European industry. liswedezided to further open the
PEGASUS network to new academic partners who may not be elitpblfull PEGASUS
membership by creating a new statusAstociate Partner This new status will allow non-EU
aerospace universities with high quality standards to pasimertake part to specific activities
with the PEGASUS network.

7187



AEROSPACE ENGINEERING PROGRAMMES

LIST OF THE 23 PEGASUS MEMBERS (2009):

CZECH REPUBLIC (1) :  eské Vysokeé Ueni Technické v Praze (CVUT), Praha

FRANCE (3): Groupe des Ecoles Aéronautiques et SpatialéSEA):
ENAC, ENSMA, ISAE

GERMANY (6): RWTH Aachen, TU Berlin, TU Braunschweig,
Universitat Stuttgart, TU Minchen, TU Dresden

ITALY (5): Politecnico di Milano, Politecnico di Torino, Universita di
Pisa, Universita degli Studi di Roma (La Sapienza), Univeita
di Napoli

THE NETHERLANDS (1): TU Delft

PORTUGAL (1): Instituto Superior Tecnico (IST), Lisboa

SPAIN (2) : Universidad Politecnica de Madrid (UPM) /ETSIA
Universidad de Sevilla / ES[Probationary Member)

SWEDEN (1): Kungl Tekniska Hogskolan (KTH), Stockholm

UNITED KINGDOM (3): University of Bristol, Cranfield Uni versity, University of
Glasgow
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PEGASUSORGANISATIONAL STRUCTURE

The PEGASUS Network main organisational bodies are: the CouheilBbard, the
Chairman, supported by the Permanent Secretariat, and the Warkings (WGs). The Council
and the Board are permanent bodies, the Chairman is electattatireg basis, and the Working
Groups are non-permanent bodies, being modified according to tia aeeds.

The Council consists of one member of each partner University, includiegptobationary
members. The Council :
defines the policy and the action plans of the network,
decides on the admission of new members and possible rejectionstiuratyamembers
cannot vote on such issues),
decides upon every important subject relevant to the PEGASUStivbge like e.g.. the
contents of the labels (Certificate and AWARD) and therding procedure, the dates and
management of the annual PEGASUS-AIAA Student Conferences, .

TheBoard consists of the Chairman, the Deputy Chairman and at |éakt®embers appointed
by the Council every two years. Where possible, according to tee o0& a national
representation as broad as possible, the members are delewiag the Chairmen and Deputy
Chairmen of the Working Groups. The Board :
- prepares and executes the decisions of the Council,
promotes the Networks and represents it to outside partners (indeidt@ommission, other
organisations),
develops standards and criteria for active membership,
suggests possible developments of the association,
suggests improvements of the Network organisational structure,
generates funding from the EU and the industry, to be managed bPEBASUS
Foundation,
monitors the label awarding,
submits to the Council the proposal of the new Chairmanglisaw any strategic revision or
the updating of the action plans, as needed

The Council appoints &€hairman (“PEGASUS Chairman”) who is also the Chairman of the
Board and the Chairman of the PEGASUS Foundation, on a rotatsig {&year). The
Chairman :

appoints a Deputy Chairman and submits a proposal for the Baapbsition to the Council

is the primary contact between the network and its outsidegrast

conducts the daily business in consultation with the board members (ponudtithe

network, financial, personal affairs, etc...),

prepares the Board and Council meetings and the minutesok#tengs.

From the creation of PEGASUS, the Chairmen were:
1. Prof. Klaus WELL, Univ of Stuttgart, from 2000 — 2003;
2. Prof. Gianfranco CHIOCCHIA, Politecnico di Torino (2003 — 2007);
3. Prof. Pascal BAUER, ENSMA Poitiers (from 2007)
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A Permanent Secretariat supports the PEGASUS Chairman and assumes the permanent
administrative tasks and the coordination for the network. Isi ial charge of the organization

of common projects, events, of the promotion of the network towardstigd This Secretariat

is located at ISAE (Toulouse) and provides information about tteeorie

PEGASUS Permanent Secretariat

ISAE (Institut Supérieur de I’Aéronautique et de I'Espace)
Campus SUPAERO - 10 avenue Edouard Belin

F — 31055 Toulouse cedex

There are presently four maikiorking Groups, each one listed below with its tasks:

WG1 (Internal and external communication, Image):
to manage the PEGASUS website
to develop communication among the PEGASUS member Univeysities

WG2 (Education and Quality) :
to produce and update the PEGASUS catalogue of aerospace @ngipeegrammes.
to suggest descriptors for curricula,
to define educational standards and to promote initiatives angavide PEGASUS with a
recognised role in the debate on Quality Assurance for Aarediigh Education in Europe
to update labels, certificates and AWARD

WG3 (Continuing and Distant education) :
to collect existing initiatives inside PEGASUS and to faatéit the submission of joint
proposals to EU
to develop new specific programmes for continuing and distant galuca

WG4 (Research)
to evaluate commonality and level in research efforts,
to evaluate the human potential and technical facilities,
to suggest future research activities,
to make research capabilities available to European oggems and industries.

In spite of being non permanent structures, these four WGs hamneabeve (with different levels
of intensity and passing through some updates of the attributkd) tdaring the whole
PEGASUS history up the present time. Other WGs may alspp@nted from time to time with
more limited charges (e.g. the formulation of a specificgatojo be submitted to the EU, the
management of an initiative agreed with an aerospace companyhese WGs ared usually
dissolved once their tasks have been fulfilled.

The PEGASUS Foundationhas been registered in Delft as a “Stichting” accordingedtutch
Law. It has been created to provide the PEGASUS Network wibdody having juridical
structure, hence able to administrate financial means accdaldegisions taken by the Network
Council. The PEGASUS Foundation has a Chairman (the same the fBEGASUS Network)
and a Board composed by the Chairman, a Treasurer auiete8y.
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In addition to the described (already fully operating) organisatsmatture, the Prague Council

(March 2008) decided to open PEGASUS:
to those academic aerospace Institutions which, in spite efagmised level of quality, are
not (or not yet) eligible to become members, sometimes onlyofanal reasons (e.g. not
being located in the EU). For these Institutions a new categempminatedAssociate
Partner has been approved. Associate Partners will be involvedthportant PEGASUS
activities, but they will not be represented in the Council and ¢ateiwver the PEGASUS
Certificate and AWARD..

- To the EU Aerospace Industry, by establishing an official forume@®EGASUS Business
Club, including the major Companies bring advice and recommendations to the PEGASUS
Council and Chairman.

The implementation of both proposals will start as soon asilapetding regulatory issues will
be defined by the Board and definitely approved by the Council.

PEGASUS Network Admission criteria:

In 2003, the PEGASUS Council decided to open membership to new msemive would be
considered eligible by the Founding Members and demonstrate theirgmalss to actively
participate in the network’s activities.

Admission to PEGASUS is based on a set of published critegasifiy on two fundamental
keywords:quality and international co-operation, all related to the higher education offered in
aeronautical / aerospace engineering at the European levelrifEna have been set on the basis
of the decisions taken and formalised by the Council in theétahip Agreement, signed by all
PEGASUS founding members (see list of admission criteria helow
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PEGASUS ADMISSION CRITERIA
The candidate should match the following criteria:
A. GENERAL

1. Be a public and/or non-profit institution of higher education irorsutical / aerospace
engineering

2. Have its main base of operations in a EU country

3. Demonstrate the willingness to sign the PEGASUS Chanigrt@ actively commit to the
PEGASUS network activities including working groups

B. EXCELLENCE

4. Have a good reputation and quality recognition (e.g. nationedditation by an official body)
in education and research, nationally and internationally

5. Deliver one or several degrees in aeronautical / aerospaageering in compliance with the
European Bologna orientation (LMD, +5 level or M for Aerospangineering or higher)

6. The main curriculum in aeronautical / aerospace engineghimgd comprise a sufficient base
in Fundamental Sciences (minimum 15%), General Courses includieigrfdanguages, and
Engineering Sciences (minimum 40%) of which at least 50% shouletitmnautical / Aerospace
Engineering Sciences (that is: minimum 20% of the overall progor 60 ECTS for a 5-year
programme)

7. Have or plan to reach a sufficient volume of activityeirms of student output: 30 graduates
per year at the +5 level or higher in Aeronautical / Aerospsrild be considered as the
minimum target volume

8. (supporting, non-mandatory criterion) Produce a record of fingtoyyment of the graduates in
industry over the last 3 years, showing the relevance of igmesering programme for the
aerospace industry

C. INTERNATIONAL COOPERATION

9. Produce a list of active partnership agreements with aercelautaerospace faculties or
departments of foreign partner universities recognised at the iteaddevel, including at least

3 members of the PEGASUS network from at least 2 differembtries

10. Produce a record of student and faculty exchanges with foreigersities over the last 3
years
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11. (supporting, non-mandatory criterion) Produce a record of reseatieitiess involving
international partnership

PEGASUS ADMISSION PROCEDURE

The candidate should write a letter to the PEGASUS Chairmkingagor admission and
detailing its motivations as well as the benefit of his cdacyy for the PEGASUS network.

- The candidate should provide all the data relative to ithenigeducation in aerospace
engineering, by filling up the tables of the PEGASUS questicgina

- An evaluation of the candidate application will be conducted bleadt two PEGASUS
members, including at least one from a different country o€émelidate. This evaluation should
assess the compliance of the candidacy with the above critegaevaluation will be in the form
of a concise written report, that will be distributed to @duncil partners prior to the next
meeting, and that will remain in the PEGASUS archives;

- Presentation of the partner's recommendations to the next Coueetingy leading to
admission, rejection or request for further details;

- In case of admission, the new member will be grantedt#itessof "Probationary Member" for
2 years, during which it should show its active involvement ilrPlB&ASUS network activities
including working groups. If this involvement is positive, then tta¢us of "Full Member" will
be granted at the end of the 2 years;

- In case of admission, the new member will be asked to thignPartnership Association
Agreement, in the section dedicated to Probationary Members

- In case of rejection, the candidate could not apply agaia period of two years.

Probationary Members:

After successful completion of the admission procedure and fooo@ptance of the new entrant
by the PEGASUS Council, the new entrant is granted the staRmlotionary Member for two
years.

The status of Probationary Member is equivalent to that of the FauifEull) Members with
two limitations:

- Probationary Members cannot deliver the PEGASUS CertifaradePEGASUS
Award to their students

- Probationary Members cannot vote on the admission or exclusionmbdfs at
Council meetings
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After two years from admission and following an assessmenpositive involvement in
PEGASUS, Probationary Members can be confirmed and assunsnthestatus as the Founding
(Full) Members. Confirmed Probationary Members and Founding Merabetsen identified by
the same name of PEGASUS Members.

The Chairman and another member appointed by the Council will agsegsvblvement in
PEGASUS of the Probationary Member at the end of the two yBaesCouncil then decides on
the passage to the status of Full Memberr on the basis of répart. In case of negative
assessment, the Probationary Member will still retaistétus for two further years but in case of
a second negative assessment, the probationary membership teitminated.

Current Probationary Members (2008 - 2010):

Universidad de Sevilla (admitted October 2008)
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AEROSPACE ENGINEERING EDUCATION IN EUROPE

One characteristics of Europe is its cultural diversitps&the nations. Consequently, mainly
for historical and cultural reasons, there is a pretty lasgeety of higher education SYSTEMS
and variousengineering PROGRAMMES structures in each national system. Moreover, different
education systems and engineering programmes combine together tcepaagheat diversity of
engineering DEGREES across the European nations. This makes a good understanding of the
available offer quite difficult for non specialists, and even nmrtside the educational world.
Moreover, recent trends in the organisation of the educational progammake for a greater
diversity, particularly through the development of student exchamgggmmes across European
countries (Life Long Learning / ERASMUS programme of the Eunopégaion) and recent
European decisions (“Bologna Declaration” 3-5-8) or programnmresifttis Mundus).

European Union level:

Country level :

University level :

_Student level :

European National higher Engineering Individual
decisions / > education »| programmes / > engineer
programmes systems degrees profiles
Increasing diversity -

Students today have many opportunities at hand to shape theimdividual PROFILES
through a choice of elective courses at home and / or particigatierchanges for extended
periods in a foreign partner university. This increased diveo$istudent profiles makes it more
and more difficult, if not impossible, to provide a simple, monolitbierview of higher
education institutions outputs which cannot be characterisedusith few key words relating to
their scientific / technical fields. The ambition of this dmeunt is to try to provide a relatively
simple and, at the same time, accurate description of ulment national higher education

systemsand PEGASUS aerospace engineegragrammesanddegrees

But before addressing these educational issues, the prospéc@tmis of employment
for aerospace graduates in the European aerospace industry nxestioged. This is the subject

of the next chapter.
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1. THE EUROPEAN DIMENSION OF AEROSPACE ENGINEERING

1.1 THE NEEDS OF THE EUROPEAN AEROSPACE INDUSTRY

1.1.1AEROSPACE, A HIGH -TECH SECTOR IN NEED OF SKILLED ENGINEERS

From its early days at the beginning of th& 2@ntury till today the aerospace sector has
required a highly educated and innovative work force. The degredeuttific knowledge of the
aerospace engineers has at all times been the driving factmchnological developments and
new aerospace concepts. Today, this is even more true. THflenges of global market
competition and the ever growing complexity of systems and stescthat is needed to meet
customer requirements, demand a permanently increasing degresysteim integration.
Environmental implications and sustainable development furthertifie®process.

Over the past decades, aerospace has been characterisednasst research-intensive
industrial sector in developed countries, with research investrasritggh as 30% of the overall
revenue in some companies - a much higher percentage than inhajhelech sectors.
Consequently, the need of the aerospace industry for taleoted) yengineers and scientists is
still relentless today. The competition for the best braims now gone on a global scale, with
aerospace companies trying to lure the best, high-potential epaglaywt only from their home
universities but from everywhere. This competition has become reeee acute at a time when
the motivation for long, hard scientific studies is decreasimgprg the young people in
developed countries.

Additionally, the aerospace industry is also engaged in a stamgetition with other
industrial sectors such as the information technology or automiotiestry for the best young
engineers. Even those having chosen the aerospace engineeringitysdecidgheir diploma
studies do not necessarily work in the aerospace industry aftistvibe scientific and technical
skills that they acquired in their aerospace engineering studie also be very useful in other
industrial sectors!

1.1.20QUANTITATIVE NEEDS FOR AEROSPACE ENGINEERS IN EUROPE

At the end of 2007 the total direct employment in the European aeeospmhcstry was
about 473.770 employees taking in account the expansion towards thetEagtesents 39.4 %
of the world aerospace market with a turnover of roughly 81.6 bilkames. Almost 95 % of the
employees work in countries where PEGASUS is present wigastt one member.

The consolidation in the aerospace industry propelled an enormous growtie
productivity per employee, also driving up the total turnover. Gwerpast years an average of
12.3 % of this turnover was spent on research and development (R&iB)is a relatively large
percentage pointing out the high-technology leadership of this indiatith. 19 % of all
employees working in the field of R&D (57 % in production) and a curedl28 % having a

! Reference : ASD, Facts & Figures 2007- In 200griés were: 414.500 employees for a turnover dfilfiéns €
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university degree or equivalent, this industry absorbs a largderunf university graduates
every year.

Number of Employees
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Besides the key players in the aerospace industry, theréaigeanumber of suppliers
(about 80000 and many of them with less than 250 employees) cumulatimgtaice the total
number of employees mentioned above. And then there is the scieatifimunity and the
national as well as international research institutions in Eurepé&h also contribute to the
overall work force. And which strongly depend on highly qualifiecbapace engineers.

Considering an average employment period of about 30 years, only snapte is
necessary to calculats annual replacement need of more than 2600 experts in R&&t the
key aerospace companies, of whom most will be engineers.

Aerospace companies do not solely recruit aerospace engiAadrathen surveying the
employment situation, we should also keep in mind that aerospaiecers are welcome in
other industries as well. Thus, the number of 2600 experts pecaeanly serve as a very rough
indication. Nonetheless, it puts us in perspective and allows gaigement on the quantitative
needs in the European aerospace industry.

1.1.3QUALITATIVE NEEDS FOR AEROSPACE ENGINEERS IN EUROPE

There is no question that the European aerospace industry,dik@enhEuropean remains
in fundamental need of scientific and technical talents,eskiéingineers and scientists with a
strong knowledge and aerospace engineering background. In recent yeard has emerged
among human resources departments of aerospace companies towagdgemeral engineers,
which can transfer to other sectors more easily. This reqswese broad concept for the
academic education of the later employee. From discussionsinglitistry in each PEGASUS
country we understand, that there is a good correlation between ribspase programmes
offered at our member universities and the scientific / teahnigeds of aircraft / systems design
offices and various other technical divisions in the industry.
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The growing integration of industry — the aerospace industry ismib& integrated
economic sector in Europe — and the globalisation of markets and produetms generate new
training needs in order to maintain the competitive advantage ondistry. The implications
for the preferred employee profiles are twofold. One aspdbe need for motivated workforce,
skilled in general and project management, with team work asasahulticultural abilities.
Today’s most wanted profile is a good engineer with a profound knowleidgoft skills, which
he can confidently apply.

Another aspect is the requirement to prepare the engineelifefling education. The

universities are asked to include this preparatory work iir thegrammes and to offer
respective courses for specialists in the future.

1.1.4How DOES PEGASUSMEET THOSE NEEDS?

The output of the PEGASUS network appears relatively adequtte teeeds of industry
as described above, both in terms of quantity and quality. When tinéitgtinee needs of the
European industry can be estimated at around 2600 engineers p@egehrl.?), the output of
+5 level aerospace engineers from the PEGASUS network amountert@700each year (see
table below). On top of that, PEGASUS institutions also producesalB@d0 “Doctorates” (or
PhD, +8 level) per year, who are of big value to R&D diiris in the aerospace industry.

Of course, not all PEGASUS aerospace engineers enter yliiattl the aerospace
industry after completion of their studies. About 50% of the PEGA8ngineering graduates go
into other sectors such as automotive and mechanical indusimfesmation technology
companies, consulting firms, etc. Surely, the percentagesveonsiderably according to regional
employment opportunities.

On the other hand, the aerospace industry does not limit itstreentiof engineers to the
sole source of PEGASUS. Other universities and engineerhm@pkscalso provide the industry
with talented people, but in much less numbers than PEGASUE&ralDvunder today’s
conditions the graduates output of the PEGASUS partners appéeradequate to the needs of
the aerospace industry.

The concept of international studies and industry collaboration oadiheative side of
the study programmes are essential to the ambitions of PBSGASI members promote the idea
of cultural mobility of their students and academic staff. In orbe make this process
sustainable, the members set up high quality standardsueensellence.

Thanks to the permanent communication of interests with the Europeaspaee
industry, the PEGASUS group is on top of the evolving needs of thepaee industry. And,
thus, is able to consider these needs in the adaptation of the stgdynpmes. One such need is
the support of life-long education. This has been implanted agoa meleus in the PEGASUS
activities. Today, the partner universities already ddfeariety of respective courses.
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YEARLY AVERAGE NUMBER (2006-2008)F THE AWARDED +5 AND HIGHER LEVEL DEGREES

UNIVERSITY / SCHOOL +5 level +8 level
(Masters included) | (Doctorate, PhD)
ENAC Toulouse (F) 225 5
ISAE Toulouse (B 396 35
ENSMA Poitiers (F) 152 27
CTU Prague (C2) 59 6
RWTH Aachen  (2004) (D) 42 13
TU Berlin (2004) (D) 58 14
TU Braunschweig (D) 194 36
TU Dresden (2004) (D) 36 5
U. Stuttgart (2004) (D) 125 22
TU Munich (D) 320 20
Politecnico di Milano () 153 9
U. Pisa () 76 6
U.Napoli ) 120 10
U.Roma () 140 5
Politecnico di Torino 0] 142 5
TU Delft (NL) 173 17
ETSIA Madrid (E) 40 6
IST Lisboa (P) 55 3
KTH Stockholm S)( 38 3
U. Bristol (UK) n.a. 10
Cranfield U.  (2004) (WK 153 38
U. Glasgow  (2004) 60 3
TOTAL 2758 298

2 including 40 to 50 Chinese Masters taught on-giteChina. Since ENAC and ISAE have several Master
programmes in common, whose students should nobieted twice, the total number of +5 level studdram the
3 schools is only 725

20/ 87



AEROSPACE ENGINEERING PROGRAMMES

1.2 NATIONAL HIGHER EDUCATION SYSTEMS FOR ENGINEERING IN  EUROPE

1.2.1 ENGINEERING DIPLOMAS VS . ENGINEERING PROFESSION

The word "Engineer" does not mean exactly the same thing abmsarious European
countries and around the world. Therefore, engineering education s@ayaly considerably
according to differing national specificalties.

In France, for example, to be an engineer first meansxert a professiorthat requires a
good level of technical expertise, directly or indirectly bound talgecing goods or services for
the community. An engineer designs new products, has a manufgctasponsibility or is a
project manager. He/she should be able to discuss technologies tratisnieeing used and
argue about them if needed. This is how "engineers" difben fitechnicians" who only conform
to guidelines for implementation of processes. To be an engirseeha$ a second meaning:
be the holder of an engineering degreefter a rather long training period (usually 5 years)
including a balance of scientific, technical and even economitiest These two definitions do
not always overlap within companies in France :

Some people can get an engineering job without holding an engindegreg ;
The career of graduate engineers often leads them to mahgmeitions where technical
aspects may be strongly reduced.

In France, only the title of "graduate engineeihdé&nieur diplom® - which refers directly
to the kind of studies and degree obtained - is controlled and mategt law. Only the
institutions that have been accredited by a national accieditabdy CTI: Commission des
Titres d’Ingénieuy to this purpose are allowed to propose a course programme tivarsiel
diploma entitling to use the above title.

The situation is different in other European countries where giofed titles may exist like
in the UK ("chartered Engineé&}. A special procedure exists to acquire that title big not
absolutely necessary to be “chartered” to exert the profes§iengineer, only those willing to
do business with the public sector really need it. Actubdls and less engineers engage into it.

"In Italy to be engineer (“ingegnere”) first of all means to be hadflesn engineering degree
awarded by a recognised University or a Politecnico (then® isubstantial difference between
both, a Politecnico being focussed on engineering studies — ieaittechnical university -
whereas a University encompasses all human and scientdidties). As a matter of fact, all
universities delivering engineering degrees in ltaly are pub#titutions and their degrees are
protected by law. Nevertheless, to exert a profession, theeadwpne is not sufficient because
his holder must be listed in the roll of engineers (“Ordine deglegneri’), which requires
passing a special examination (“Esame di Stato”)."
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In the Netherlands there have always been two paths to study engineeringHTSeor
Institute for Higher Professional Technical Education awardedctigatly orientated degree and
the titleing. after four years of study. The technical university's offemedcademically oriented
degree and the titler. after five years of study. This changed in 2002 whenN&#herlands
switched to the Bachelor-Master system. This is a conseguartheBologna procesdn this
accord 29 European countries agreed to harmonize their higher edusgdiem and create a
European higher education ard@a this system the Institutes for Higher Professional Teahnic
Education award a bachelor degree and theRdlehelor of Engineering (B Enggfter four years
of study. The technical universities with engineering prograwesrd a bachelors degree and the
title Bachelor of Sciencé@BSc)after the third year. A university bachelor is expectedantinue
his education in engineering science for two more years to eamasiers degree and the title
Master of Science (MJcwhich is the international standard of the Dutch “ingenieur’. (&
BEng from the Higher Professional Technical Education may bétadno a university master
degree program although they are required to take additionaksours

In Spain the diploma oingeniero Aeronauticéas an official recognition both academically
and professionally. The national education authority defines ther malpjects of the curricula,
which constitutes a compulsory core of any university programme asutiject. In addition, a
university needs the approval of the national university councih®mihole programme that it
proposes. The possession of the diploma empowers the exercisguifdssion. A professional
college of aeronautical engineers controls that the manajeand main responsibility of any
aerospace project is carried out by a holder of a recogdipkna.

In Portugal traditionally to be an “engenheiro” meant to be a graduate from aetdity
offering a 5 year course oficially recognized by the statewhis sufficient to be admitted to the
professional society (“Ordem dos Engenheiros”), which entitleary out public contract work.
The graduates of 3 or 4-year courses at institutions of higherteguogher than universities
were called “engenheiros técnicos” and were not admittdtettOrdem dos Engenheiros”.

After 3-year courses were created (“Bacharel de Engenhdn@Se were not recognized by
“Ordem dos Engenheiros” which only admits graduates with five-gegrees (“Licenciados em
Engenharia”). After the 70s the number of universities offeringneegng degrees increased
rapidly beyond the original two (Lisbon and Oporto). The “Ordem dos rifreg®s” initiated a
process of Accreditation for periods of 5 years, to which Unitkeesscan aplly. Only the holders
of five year degrees, with a currently valid accreditatiane admitted by “Ordem dos
Engenheiros”,

The Council of Rectors of Portuguese Universities also has esréditation Process”, which
is completely separate from that of “Ordem dos Engenheiros”.

In the Czech Republicthe engineering education has fully adopted Bologna Declaration,
that is structured higher education system consisting of the Basiege with the length of 3, in
some cases 4, years finished by the fitékald (Bc.), then Master stage with the length of 2
years finished by the titlm enyr (Ing.) and the last doctoral stage with 3 or 4 years in length. A
thesis defence can be done in up to 7 years and completed wittetbektor (Ph.D). All titles
are protected by the law. The titleg. is awarded to the technical university graduates who
accomplished a Master engineering stage (at least 2 yedrd2® ECTS) by a successfully
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passed a state exam from at least three fundamental engineeljects and by a successfully
defended diploma thesis in front of the State Examination Commisgida. Ing. is fully
equivalent to the titldMaster, (in CzechMagistr, abbreviatiorMgr.) which is granted to Master
studies graduates from other non-technical universities.

In some countries, two different levels of "engineers" cotexas upper level (after 5 to 7
years of higher studies) andlawer level (3 to 4 years). This is the case for instance in
Germany: Diplom-Ingenieur TU (Technische Universitatys. Diplom-Ingenieur FH
(Fachhochschulelnd inltaly (Ingegnere Laureato Magistraks. Ingegnere Laureafo

The essential difference between these shorter programmebean8 pnes is that they are
more practice oriented: therefore they aim at providing thdesits with the skills needed for
their immediate employment. The +5 programmes, on the contamyat the best trade-off
between fundamental and basic knowledge and technical capabifittes. field of engineering,
this leads traditionally to professional figures able to adaginselves to different situations,
even if the measure of this result is different in theowsrinational systems, which at the end
turns out to be a peculiar richness of the European higher extuaat a whole.

1.2.2 CONVERGENCE OF NATIONAL HIGHER EDUCATION SYSTEMS FOR ENGINEERING IN
EUROPE

Higher education follows traditionally different schemes in theous nations, according
to its being structured or not on intermediate levels, each omentded by the award of a
degree, to the number of years requested to the students teeaehdh degree, to the stiffness
vs. the compliance of its curricula and to several othezds.

However, the European continental countries display all some stregdavhich can be
traced back to the common origin and development of their systents tradr long tradition of
contacts, student exchanges and interactions. First, the |deodaof the European university
education is tuned on a durationfoe study years This is the case, in particular, for the most
gualified engineering studies. There are some important excepbidhs rule: for instance the
Faculties of Medicine generally request a longer time elbeless, nearly all European Faculties
offer a five year curriculum, possibly associated to shortel@ger ones, either parallel to the
first one or in a sequence with it.

So, in Continental Europe, quoting one of the traditional degregsplome in France,
Diplom in Germany, Laurea Magistrale in Italy ....) has afsveeen tantamount to specifying the
legal study duration necessary to be awarded with it. Thistsonly true for the five-year
degrees, but also for the possible intermediate or the loDgetdrate) ones.

These similarities brought the European Ministries of Educatiorfoster a large
Europearharmonisation scheme known as 3-5-8 or Bologna scherffesst mentioned in July
1999 at La Sorbonne, Paris and then finalized in the Bologna Démtathé following year).
According to that scheme, all European countries have been encowaagabpt their national
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systems to a three-tier structure of degrees (each lelwliray graduates to be readily

employable on the job market):

- Afirst level (+3) after 3 years of post-secondary educal&ading to a degree corresponding
to a traditional British Bachelor of Science (BSc);

- second level (+5), after 2 more years (5 years of higher tdogaleading to a degree
corresponding to a traditional British Master of Science (MSc

- third level (+8), after 3 more years (8 years of post-seaygretiucation overall), leading to
the Doctorate or PhD grade.

In some countries the British denominations Bachelor and Master beere adopted in the

national regulations, whereas other countries have selectedediffnames according to their

tradition.

Since 1999, many universities have started to adapt their progratnuctures according
to that 3-5-8 scheme. So far Engineering studies are concesihddast on the European
continent, the long dating 5-year structure of most Engineepimmgrammes helped the
adaptation to the new scheme. However, the transition has nowitkeut difficulties and today
it is still incomplete, even if today it is far more adead with respect to the situation described
in the second edition of this document (2005). Some national systefast, already displayed a
lower intermediate level before 1999, some others did not. In sases (e.g. Italy, Germany,
Spain ...) the intermediate level was offered as a seeppragramme parallel to the longer one,
while in other cases (e.g. UK) it could be the first ste@ afequence already similar to that
foreseen by the Bologna scheme. In other cases (as in thehFfagineering schools...) a 2+3
structure (instead of a 3+2 one) is in place, with the firslecynostly performed in other
institutions, which makes adaptation even more difficult. As &e@guence, in many cases the
adoption of the Bologna scheme does not reduce itself to a reaneamgef the programmes in
order to make the +3 graduates readily operational in companiesh(wilgans sometimes less
theoretical studies and more professional topics in thgear of study) and therefore is not a
straightforward operation.

In spite of some differences between the European countrie3;534& evolution for the
Aerospace Engineering studies displays some common features eemncbe summarised as
follows (reference is done to the overall 3+2 or 5-year progresy
- the first two years of post-secondary education are essentially devoted to Fundamental

Sciences and general Engineering Sciences. Only some Aerdspgioeering topics may
also be addressed in some cases;

- the third year appears as a transition year, sometimes leading to an éuiaten degree
(Bachelor’s or equivalent) allowing the holder to start workind &or pursue studying for a
higher level degree. Therefore the contents is more Engigegnd Aerospace Engineering
oriented;

- thefourth and fifth years are the core of the advanced Aerospace Engineering topibs, wit
sometimes a first glance at research activities. & heghly specialised years of study can be
complemented with general management courses, foreign lanquadjether “soft” skills, as
well as an industrial internship period allowing the students to adwst taste of company
life as an engineer. In some countries, however, (Germaty,.lx&his internship may be
anticipated to the second or the third study year.

In the following the state of the implementation of the Bologoheme in the different
PEGASUS Partner Institutions is illustrated.

24187



AEROSPACE ENGINEERING PROGRAMMES

In The Netherlandssince 2002 TU Delft has completely replaced the old systemndhra strict
3+2 scheme based on the sequence dB#uhelor of Science (BSahdMaster of Science (MSc)
degrees, both recognized by the professional associations.

Also in Italy the replacement has been early (it started in 2000) invallFEGASUS Partner
Universities, leading to a strict 3+2 scheme based of tipgesee of théaurea (L)andLaurea
Magistrale (LM)degrees. In general the third year of the Laurea cour$ieisain two different
versions to the students: a job-oriented one for those who takadobunt the possibility of an
immediate employment and a different one for those who aim tancentteir studies inside the
Laurea Magistralecourse. Graduates from the first path, however, can alsalinéted to the
second level provided they pass a set of additional examinations.

In Germany the situation is slightly different in the six PEGASUStRar Institutions, according
to the federal structure of the country. The transition to thes8fh2me has already started in
2006 at TU Berlin, in 2007 at RWTH Aachen and in 2008 at TU Miunchbkareas it will start
in 2009 at Universitat Stuttgart and in 2010 at TU Dresden. Allpregrammes are based on the
sequence of th®&achelor of Science (BSend Master of Science (MSaegrees. As to the
duration of the two cycles, only the scheme to be implement@®IN&tH Aachen foresees a
3,5+1,5 scheme instead of the elsewhere adopted 3+2. In nsest t@ new system will
completely replace the old one after a period of transition inhwihie students already enrolled
are allowed to conclude their studies according with the initiptegramme (a solution generally
adopted also outside Germany). In RWTH Aachen, however, theBSe-MSc programme co-
exists with the old 5-yeddiplom course, which has not been cancelled.

A somewhat similar situation exists 8weden where KTH Stockholm has started #achelor

of Science (BScand Master of Science (MS®equence in 2006 by extending to 5 years the
duration of the former 4,5-ye@&@ivilingenior programme. A peculiarity is that local students are
not required to take the BSc degree after the first 3 ybatghis degree is needed for applicants
to the MSc programme from universities other than KTH.

In Portugal the universities have implemented the Bologna scheme hylissiag the sequence
Licenciatura(3 years) -Mestrado(2 years). However, there exists also the possibility fier af
Mestrado Integrado5-year course with an intermediatécenciatura not leading to a full
undergraduate engineering profile (but necessary to those who waontioue their studies
elsewhere). The PEGASUS Partner IST Lisboa decided to imptethe second option by
establishing a 5-yedvlestrado Integrado em Engenharia Aeroespaduating which (after the
first 3 years) d.icenciatura en Ciéncias de Engenharia Aeroespatiloma is also given. Only
the Mestrado degree is recognized by the professional asso@égngineers. The situation has
some resemblances with that of KTH.

In France the situation is different if a university is considereé @rand Ecole, the latter having

a separate status. All French universities have adoptedca Bsttogna scheme based on the
sequencé.icence(3 years) -Master (2 years). However, all French PEGASUS Partners are not
universities but Grandes Ecoles. As such, they are tradltidresed on a 2+3 scheme with the
first two years spent by the students in different institutioBkasses Préparatoiresi.e.
preparatory classes whose educational offer is strongly based ommfemtdés) and only the
upper 3-year segment is provided by the Grande Ecole itself.filhk degree Dipldme
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d’Ingénieu)) is therefore at the 5-year level. The adaptation of suchem to the Bologna one
is difficult and it is mainly implemented through the gradual intréidac aside of the existing
programmes, of new 2-yeBiologna Mastergo integrate students provided with a Licence form
a French university or, more generally, with a 3-year Bolatggree. As far as the PEGASUS
Partners are concerned, at present ENAC offers one BologisteiM ISAE two and ENSMA
none.

In Spain the Bologna scheme will be implemented starting with 2010/11 at MAfid and in

all other universities. It will however take the slighgigculiar form of a 4+2 scheme instead of a
3+2 one. This may be motivated by the fact that the overallidnraf primary and secondary
school cycles in Spain is one year shorter than in sevéial Buropean countries.

In the Czech Republicimplementing the Bologna scheme means moving from the existing 4+2
scheme to the 3+2 one. At CVUT three faculties contribute ta¢hespace education, namely
those of Electrical Engineering, of Mechanical Engineering antrarisportation Sciences. The
first one has already adopted the 3+2 scheme, the second ondopilliain 2009/10 and the
third one in 2010/11.

Finally, no modifications have been introduced intimted Kingdom where the traditional BSc
and MSc programmes have been offered well before the start Bbtbgna process. However,
these do not always fit into the Bologna scheme. For instahgear and 5-years MSc
programmes co-exist in UK, together with 3-year BSc programandsstill others at the post-
and undergraduate level (BEng, BA, MEng ...). The PEGASU&é&aCranfield University
offers 1-year MSc programmes to applicants already providedaMBBc or another degree at
undergraduate level from other universities.

As a general consideration, in all countries of the continenta® where the Bologna scheme
has been introduced by splitting a former 5-year programme, ttidergs are reluctant to
abandon the traditional idea that a complete engineering profileesduor 6 study years and
only a minority of them decides to stop studying after the diesfree. Furthermore, in the same
countries many employers (and in some cases also the professisnalations) are not yet
familiar with the new possibility to hire younger engineetswill probably take a time before
this situation will change.
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1.2.2 EXISTING ACCREDITATION SYSTEMS

The following paragraph is drawn from an extensive report abo#éccreditation and
Recognition in Engineering Educationthat was used to document the EU-ACARE study
commandited to Prof. Jan van Ingen and his working group in 2006.

“This document describes the accreditation and recognition proceafusagineering degrees in
23 European countrigs

“Recognition” is identified in this document with “Academic Rgnition” (i.e. the mutual
recognition of degrees within the Higher Education system), whikrreditation” is the
acceptance of a specific degree or educational programnggviag the graduate sufficient
preparation to start on a career as a professional engineerorotiee other is usually a
prerequisite for “Professional Recognition” of the holder of adgeized” or “accredited”
degree. In practice, it is often difficult to distinguish beéw recognition and accreditation: in
principle, recognition should refer to each individual, and acctefiteso an educational
programme, and therefore should always be connected with a pobcpsdity assurance, which
however may sometimes be in actuality merely formal.

Recognition and accreditation procedures of Engineering degreeacin European country
depend very much, on one side on the educational system, on the d#esnshow the
engineering profession is organized. While a few years ageréditation” procedures were
established in few European countries, in these last few, ytharaeed of “accrediting” degrees
(in particular, newly established degrees and degrees ofbaawUniversities) has rapidly
spread throughout Europe.

As well known, the European Union has established a legalrarkdor the mutual recognition
of professional qualifications. In particular, Directive 89/48IEEstablished a general system for
the recognition of higher-education diplomas awarded on completion of gimyfakeducation
and training of at least three years’ duration, for alll&gd professions that are not subject to a
specific directive, including engineering, while specifioggdures have been defined for certain
professions, for example, the medical professions, architects,laavyers. A new unified
Directive, aimed at collecting, harmonising and, hopefully psifying all existing regulations in
order to “introduce a more uniform, transparent and flexible regwnethfe recognition of
qualifications in the regulated professions”, has been proposed in t20@Re European
Parliament but its approval is apparently facing serious obstachile an effort is being made
again to obtain specific rules for engineers.

Thus, the situation remains fluid, while a true trans-natiorakditation system on the European
scale does not exist yet, although some bi- and multi-country rmgreée have recently been
established (e.g. among the “Nordic” countries) and schemeéki$opurposes have been set up
by the two main European Associations of Professional EngindefdJIFand CLAIU, namely:

3 It was not possible to include the following EU and EFTA countissonia, Iceland, Latvia,
Malta, Norway, Romania and Slovakia.
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« FEANI* gives the title of Euring to individual applicants who fulfil ata@é formula which
takes into account Academic education in an accredited Instit@téoning and professional
experience; as long as an applicant fulfils the quoted formula,stiaalion is made between
“long-cycle” and “short-cycle” graduates; “exceptional cas&a®’ also possible, but must be
approved by a specific process. The list of Accredited Inistitsitis published and kept up-to-
date by FEANI: new Degrees can be included only aftésibby an ad hoc Committee.

 The CLAIU® approach is based directly on mutual trust between its Membeciagens. In
fact, each member of a CLAIU-Member Professional Associahas the right to be
considered as a member of all other Associations. AlsolGQLAblishes a list of accredited
Educational Institutions, and this is the list of the Instituicoredited by the single Member
Associations.

In order to understand the variety of the present national systerasognition/accreditation of

Engineering Degrees, one should recall first that in most Eunopaantries the right to award

Engineering Degrees is limited to specific Education Ingbitst and recognition is practically
automatic, at least within each country: difficulties carseannore from the dual educational
system of most European countries.

In some countries (AT, DK, DE, FI, IT, GR, SE) a Natioralthority (or a semi-official
representative body like a “Rectors’ Conference”) fixes conopyler voluntary rules to which
each degree course conforms. In this case, some form ofird@r de facto) accreditation is
practically automatic; this automatism is being relaxed in\Btigre “accreditation” is spreading,
and it is to be expected that will soon become compulsory.

In other countries (FR, UK, BE, NL, IE, PT), degrees ateradited (and/or accreditation is
confirmed at periodic intervals) through an “a posteriori” evatumagirocess. In some countries
(UK, IE, PT) the accreditation process is run by the profedsems®ociation, sometimes in a
indirect way (GR), in others (FR, NL, BE) by a Governmampointed body.

Engineering Profession is regulated by law in four European counffieGR, ES, PT. Among
these, IT and GR require not only an accredited degree, lnutdisrmal examination before
admittance to the Professional Association; PT requires sach enly from graduates holding a
non-accredited degree.

* Fédération Européenne d'Associations Nationales d'Ingénieursgean Federation of
National Engineering Associations / Foderation Europaischer Nédgiolmgenieurverbande
(http://www.feani.org)

> Council of Association of Long Cycle Engineers of a Universithigher School of
Engineering of the European UnidhConseil des Associations d'ingénieurs de cycle long,
d'Université ou d'Ecole d'Ingénieurs de I'Union Européenne
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In UK and IE, the engineering profession is formally free, but ordynbership of a Professional
Institute gives the right to the title of Chartered or Incaapext Engineer, thence it is in practice
compulsory and “regulated”.It is to be noted that the valiglityoth the 1989

Directive and the proposed is limited to the “regulated professidos the engineering
profession, they therefore apply only in a minority of statthdagh UK and IE are explicitly
included in the draft Directive).”

(The detailed processes for some European countries can be rdwdanrtex.)

1.2.3 COMPARISON WITH THE NORTH AMERICAN (U.S.)SYSTEM

In the U.S. system the Bachelor's degree always corresporidsrtyears (+4 level) of
higher education (Freshman, Sophomore, Junior, Senior) unlike the &tEnmsywhere the
Bachelor's degree is usually at the +3 level (and therefoeadyrcomplies with the Bologna
scheme). In the USA, only the Bachelor's degrees bemefit &n accreditation system managed
by an independent association, ABET (Accreditation Board for Engngeand Technology) or
regional groupings of colleges.

For the Master’s degrees, different situations may occur :
- the Master of Engineering (ME) with a duration of one year

- the Master of Sciences (MS) with a duration between one andnahe half year, depending
on the duration of the final thesis (Research work).

For a student with an “assistantship” (Teaching assistantdbgsearch assistantship,
Fellowship) the total duration can be two years. After the RISD (Doctor of Philosophy)
studies are generally longer than three years (four oyéges).

Currently, due to the job market situation, a large majqarpund 80% to 90%) of U.S.
students stop their higher education studies at the Bachelogk tiewenter directly into the
industry. The Master of Sciences or Master of Engineering lsanbe undertaken after a work
period in industry (one or several years).

As a matter of fact, the overall duration of studies forBaehelor's or Master’'s degrees is
not rigidly specified by the universities. Degrees are grabtestd on completion of certain
amounts of credits and, sometimes, conditions on achievemeadte$y but there is no real time
limitation to complete the requirements. The usual number of crestjtsred for a standard
Bachelor's degree amounts to 120 on average (that is, maesdd0 U.S. credits per year in the
first four years). For a Master’s degree, 30 to 40 maedits are usually required.
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This can be compared to the European Credit Transfer SystenSjE®@®fiere each year of
study represents 60 credits. For a 5-year engineering progrémdnhevel), this corresponds to
300 ECTS credits in Europe and 150 — 160 U.S. credits in the USA.offespondence between
these two scales is roughly 2:1 .

1.3 THE INTERNATIONAL DIMENSION OF AEROSPACE ENGINEERIN G
EDUCATION

The previous sections have shown that Aerospace Engineering EdusdiEzoming more and
more an international matter, not only within the European Union dfoirth America, but
everywhere, with an increasing number of partnerships tiatl directions across oceans. In this
section, we will describe in more depth this relatively nevagigm, starting from the European
programs that have proved their value for over 20 years (ERASMUS)hore recent
developments.

1.3.1 EUROPEAN EXCHANGES, ECTS, ERASMUS M UNDUS

In the last 20 yearstudent exchangesave developed considerably within Europe as well
as between Europe and the rest of the world, particulanthMmerica. This evolution of higher
education was triggered within Europe by the EU programme ERASMihich put some
funding (student grants) and mutual recognition tools (ECTS) at thesdisof universities for
developing student and professors mobility, one of the main godile &t (workforce mobility)
to promote a better integration of the single European market.

Student mobility has increased at different rates, from maiegle-figure percentages
up to 100% in some institutions where a minimum international mokilgyally 3 months) has
become mandatory to receive the degree. In quantitative thRmagrospace engineering studies
within PEGASUS, the average mobility rate is currently around Witosome partners reaching
over 50% of their student population studying abroad.

Inside the PEGASUS network, mobility of students has steaddseased since the
network was launched in 1998, as shown in the following table. This shlows thastudent
exchanges havenore than quadrupledin 10 years which is quite an impressive result, well
above the average European growth of student exchanges. Thefeforeffdct is clearly in
relation with the existence of the PEGASUS network. More pedgi the main driver of this
growth is less the exchanges of final laboratory projectsatiér the “substitution” semesters /
years which have increased by 6 times in 10 years. This ietrBEGASUS students feel more
and more confident to_studproad, that is to take courses and exams in a forgigndge
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Perhaps even more importantly, in qualitative terms, ¢beperative interaction
between PEGASUS institutions has increased dramaticallysince the creation of the
PEGASUS network. The table on page 30 shows that there arentturi40 bilateral
partnerships within the PEGASUS network. Every PEGASUS partner has, oragegeover 12
active bilateral partners within the PEGASUS network, somna having up to 18 bilateral
counterparts, and even 20 (out of 22 maximum) including exchange padfttieessame country,
like in France where GEA schools have started to exchangkyear students between them
since 2002 (they are not counted above).

Quantitative student exchanges within the PEGASUS netwaérsince its creation
(number of students per year)

Year Substitution years o Only lab Overall
semesters, including projects inside PEGASUS
double degrees

1998/99 31 44 75
1999/00 40 53 93
2000/01 69 77 146
2001/02 58 97 155
2002/03 99 97 196
2003/04 112 83 195
2004/05 136 93 229
2005/06 144 104 248
2006/07 172 90 262
2007/08 193 114 304

[It should nevertheless be remarked that an evolution towards the 3w€ngcis underway in
many countries (e.g. in Germany, where the traditional curricuka flanked and gradually
replaced by the new BSc-MSc ones, see section 1.2.2)]

This stimulated cooperation is building up more and more, from sitapl@rojects or
semester exchanges to professors exchanges, research coopamtito double degrees
programmes or even integrated educational programmes involvorg than two partners
(ECATA, Erasmus Mundus Masters programmes...) forming togethalies networks (“intra-
networks”) of 3 to 8 partners inside PEGASUS. The number of daldgees programmes has
also quickly increased in the last few years and currently 18 elai@lgree agreements have been
signed within the PEGASUS network. Certainly, the better recgbrunderstanding and the
better knowledge of each other’s educational and researchiastifitstered by the PEGASUS
network own activities, have contributed to that development ofinteznal cooperation in
aerospace education, one of the main goals of PEGASUS israreation.

This growth of the internal cooperation within PEGASUS wasifatd by the general
implementation ofECTS (European Credit Transfer System) which established a common
measurement tool for the workload of higher education studies. Alithgxtensive information
about courses through ECTS catalogs and, later, web pages, Europeatsstave been enabled
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to compose for themselves individual study paths over several Burop&itutions, validated
both quantitatively and qualitatively by their home and hostausities.

ECTS credits are numerical values allocated to course tmitdescribe the student
workloadrequired to complete them. They reflect the quantity of wadheourse unit requires
in relation to the total quantity of work necessary to compldtél year of academic study at the
institution, that is, lectures, practical work, seminaungprials, fieldwork, private study - in the
library or at home - and examinations or other assessmentiastiECTS is thus based on a full
student workload and not limited to contact hours only. In ECTS, 60teresfiresent the
workload of a standard academic year of study (30 credits for orestarand 20 credits for one
term). Once fully implemented, one ECTS credit correspondshipug 30 hours of student
workload (classroom and self-study included). In some countriésnsél transition phase, this
estimation can range from 20-30 hours.

ECTS also enables further studies away from the student’s hwstitution since ECTS
gives a standard measurement of academic achievments, it@lyrezcognised all over Europe.
This facilitates one or several semester periods of stgédbnoad but also an improved mobility
within the national university system, for example when transferfrom an initial 3-year
curriculum to a 2-year Master course at another university.idsigutions themselves decide
whether or not this is acceptable and what conditions the studentutfiisb fobtain a diploma
or transfer registration. The transcript of records idiqdarly useful in this context as it
provides a history of the students’ academic achievements, whichelglinstitutions to make
these decisions.

All this process is leading to a better mutual understanding,cteation of new
cooperative ties, integrated programmes or double diplomas agnisetmethat respect also, the
ERASMUS programme has proved to be a great success whichimited only by its
insufficient funding to cope with the explosive student demand.
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1.3.2 Bilateral & multilateral programmes

Recognising the situation, the European Commission went one stiegr fantd decided
to launch a new phase of European higher education integration witbrahtion of the
ERASMUS MUNDUS programme. Launched in 2002, ERASMUS MUNDUS aims at fostering
integrated high level programmes (Masters) for which it dediva label (European Master),
administrative funding as well as generous grants for non-Europaedents. The idea behind
this scheme is to create multinational poles of excellebte ta compete with the best U.S.
university programmes. A first, limited set of ERASMUS MDUS projects was approved in
2004, none in aerospace engineering. For the 2005 campaign, oneaeereswgineering
programme, endorsed by PEGASUS (comprised of 5 PEGASUS partnerseleated by the
EU.

As described above, the ERASMUS MUNDUS programme aintecplarly at attracting
foreign students from target regions (Asia...) into European programas develop new
cooperations with their home universities. Other initiativesh walready existing partner
universities have also been developed, with various obgscti
- exchanging students and / or double diploma programmes (bilateoalsct
- creating new diploma programs on-site with partner univessétbroad,;

- developing multilateral programs leading to one or multiple dipggma
- adding a professor mobility component and research cooperation.

The first type of actions is quite similar to what PEGAStW&nbers are used to practice together
and with their other European partners, often with the financial supp&U programs. These
activities are also well developed with North American unitiess (generally with no EU
support) and some Asian universities (Singapore, Hong Kong, Japa®ee.)he list of the major
North American partners of PEGASUS members below.

The second type of activity is less frequent. The necedsarkground is a strong political
willingness from the host country to attract foreign acadenaidnprs for developing new
approaches and methodologies into their own higher education sysiemoWw very much the
case of China, but also other countries like Vietnam, Morgoediaps India in the near future. In
the field of Aerospace Engineering, a strong programme hasrbador years by the ENSMA
(Poitiers, France) in Hanoi and Ho-Chi-Minh City (Vietnam). Arotbne, lead by GEA is
being implemented since 2007 at the Civil Aviation UniversityCbina (CAUC) in Tianjin.
These programmes are backed by both Governments and industriaergp&am both sides, and
they attract relatively large numbers of students (100 ).ye

The third type of activity is well represented by a new codpergprogramme between some
PEGASUS members (University of Glasgow, CVUT Prague, Mthich....) and a pool of
Canadian universities.

® GEA : (French) Groupe des Ecoles Aéronautiques
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The fourth one (professor mobility and research cooperation) is much difuse and
widespread, more often on a personal basis. But this ty@etiviity can nevertheless be in
convergence with the development of more strategic, institaitipartnerships. These can then
lead to any kind of cooperative action of the three previoiegjoges.

2. THE PEGASUSEDUCATIONAL OFFER IN AEROSPACE PROGRAMMES

2.1 PEGASUSAEROSPACE ENGINEERING PROGRAMMES

2.1.1General structure of PEGASUS engineering degrees

The PEGASUS member institutions are no exceptions to the geneogean rules when
it is about their own programme structures. The PEGASUS @eresngineering programmes
considered here (+5 level) still reflect their nationaucure particularities. One first big
difference appears between Continental Europe on one hand, Gitaat Bnd Ireland on the
other hand, where the programmes have an overall shorter dyseg®2.1.2). This paragraph
will consequently only discuss the aerospace programmes straotoentered on the Continent.

As it was said before, the PEGASUS engineering programmeslingeao the
corresponding degrees) are, on the European continent, structuresd pamod of5 YEARS of
post-secondary studies. In terms of the European norm ECTSSs@eln programmes represent
a total of 300 credits (60 credits per year). The students whessially complete the whole
programmes quantitatively (number of credits) and qualitativelyfiCient grades), including
core (mandatory) courses and optional (elective) courses pexbchip the engineering
programmes syllabi, are awarded the corresponding degree &t lheel, entitling to assume all
the fonctions of an engineering job (in the highest sense) andporme cases to enjoy the
privileges of a “Master” grade / title and / or a “Gradughgineer” title.

Within the PEGASUS network, the degrees corresponding to tlimitide are the
following (exhaustive list):

France

ENAC Toulouse: Dipléme d’Ingénieur de 'ENAC

ISAE Toulouse: Dipléme d’Ingénieur de SUPAERO
Dipléme d'Ingénieur de 'ENSICA

ENSMA Poitiers: Dipléme d’Ingénieur de TENSMA

" Before ISAE was created in October 2007, tweepisting schools delivered their own engineeriegree:
SUPAERO and ENSICA. These degrees still exist witBIAE.
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Germany

RWTH Aachen:

TU Munich:

U. Stuttgart:

TU Braunschweig:

TU Berlin:
TU Dresden:
Italy

Politecnico di Milano:

Politecnico di Torino

U. di Pisa:

U. di Napoli | :

U.di Romal:

The Netherlands

TU Delft:

Portugal

IST (Instituto Superior
Técnico),

AEROSPACE ENGINEERING PROGRAMMES

Diplom-Ingenieur Maschinenwegen

Diplom-Ingenieur Maschinenwesen
Diplom-Ingenieur Luft- und Raumfafrt
Diplom-Ingenieur Maschinenwesen
Diplom-Ingenieur Verkehrswes€n

Diplom-Ingenieur Maschinenbau

Laurea Magistrale in Ingegneria Aeronautica / Spaziale
Laurea Magistrale in Ingegneria Aerospaziale
Laurea Magistrale in Ingegneria Aerospaziale
Laurea Magistrale in Ingegneria Aerospaziale

Laurea Magistrale in Ingegneria Aeronautica / SpaZiale

M.Sc. Aerospace Engineering

M.S. Aerospace Engineering
branches: - Aircraft
- Avionics.

8 Ingenieur Machinenwesen (or Maschinenbau) = Mechéingineer

o Ingenieur Luft- und Raumfahrt = Aerospace Engineer
19 Ingenieur Verkehrswesen = Transport System Enginee
1 Ingegneria Aerospaziale = Aerospace Engineering

12 |ngegneria Aerospaziale = Aerospace Engineering
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Spain

ETSIA Madrid: Diploma de Ingeniero Aeronautico
ESI Univ.of Sevilla: Diploma de Ingeniero Aeronautico
Sweden

KTH Stockholm: M.Sc. Engineering (Civilingenjo6r)

Czech Republic

CVUT v Praze, Ing. - diplom in enyra v oborech Strojni in enyrstvi ,Trchnika a
(Czech Technical technologie v doprava spojich, Elektrotechnika a informatika
University in (Master of Engineering in the fields of: Mechanical Eegring,
Prague Technology imMransportation and Telecommunications,

Electrical Engineering and Information Technology

A synopsis of the overall structure of these programmgisén here:

Comparative scheme of the Engineering programmes’ struct in continental Europe

Country  [University | Year1 | Year2 | Year3 Year4 Yearb
FRANCE
ENAC Toulouse Scientific Ingénieur diplomé
SUPAERO Toulouse | preparatory classes Ingénieur diplomé
ENSICA Toulouse + national Ingénieur diplomé
ENSMA Poitiers entrance exam Ingénieur diplomé
GERMANY
RWTH AACHEN Vordiplom Diplom- Ingenieur
TU BERLIN Vordiplom Diplom- Ingenieur
TU BRAUNSCHWEIG Vordiplom Diplom- Ingenieur
U. STUTTGART Vordiplom Diplom- Ingenieur
TU MUNICH Vordiplom | Diplom- Ingenieur
TU DRESDEN Vordiplom | Diplom- Ingenieur
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ITALY
Politecnico MILANO Laurea magistrale
Univ. di NAPOLI Laurea magistrale
Univ. di PISA Laurea Laurea magistrale
Univ. di ROMA Laurea magistrale
Politecnico TORINO Laurea magistrale
THE NETHERLANDS | TU DELFT | BSc. AE | MSc. AE
PORTUGAL [IST LISBOA | Licenciatura engenheria aeroespacial
SPAIN ETSIA MADRID Ingeniero aerondutico
ESI SEVILLA Ingeniero aerondutico
SWEDEN | KTH STOCKHOLM MSc. Engineering (Civijenjor)
CZECH REPUBLIC VUT V PRAZE Bc. (Bakala Ing. (In enyr)
Nominal Student Age: 19 20 21 22 23

Among continental PEGASUS members, there is a good degree ofjbosity as far as
the length of the aerospace programmes is concerned. Althougigalkeering programmes are
full 5-year programmes, some are 2+3 (Germany, Franceys@h@ (Italy, the Netherlands),
some full 5-year courses of study with no intermediate step (SBaiaden, Norway). Some
include a preparatory period (2 years in France) putting a stomghasis on Fundamental
Sciences (Maths, Physics,...) and General Courses (foreignalges) put not on Engineering
itself, while others start Engineering courses as soon as #ear of a more integrated 5-year
programme.

However, the “stiffness” of the Continental European systg@mbably an heritage of the
centralised characters of the old individual European nationsjoderated by the possibility
broadly offered to the students to freely choose a certain arnbaunbjects (electives), fixed by
their faculties. This possibility is reinforced by the inteio@al exchange agreements (see
paragraph 1.2.4) and strongly contributes to an increasing flexibilithe university syllabi,
leading to more customised, individual student profiles.

2.1.2 Aerospace Engineering programmes in the United Kingdom

Aerospace Engineering programmes in the UK substantiallyfr@arywhat we see on the
European continent. The differences are less in the contertought UK universities seem to
put a stronger emphasis on specialised, technical subjentsnttst universities elsewhere — but
more in the duration of the studies and the structure girtggammes.
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Generally speaking, the duration of the engineering studiehdges than on the
continent: 3 to 4 years of post-secondary education would make fioittaktraining, the title of
“Chartered Engineer’being actually acquired later, after a few years ofgssional experience.

Another characteristic of the UK engineering programmes &s ttiere is no unified
structure, nor unified duration of the programmes. Only in gaaes engineering within
PEGASUS coexist programmes in 3 years (Bachelor of Enginedamahelor of Sciences in
Aerospace Engineering), 4 years (Master of Engineering, St@tichelor of Engineering), and
5 years (Scottish Master of Engineering and Masters of Scisggarded as postgraduate degree
programmes that can also be undertaken after a period of work in ydgrertheless, the
current trend for mainstream aerospace enginering students sebetme more and more the
MEng. and less the BEng.

Within the PEGASUS network, the degrees corresponding to the taefiraf main,
initial training programmes in aerospace engineering & é&tlowing (exhaustive list):

United Kingdom

U. of Bristol: MEng. in Aeronautical Engineering
MEng. in Avionic Systems
Cranfield Univ.: Only (postgraduate) one-year MSc. Programtiies
U. of Glasgow: MEng. in Aeronautical Engineerir{§year-programme)

MEnNg. in Avionicq5year-programme}

A synopsis of the overall structure of these programmgisén here:

Country | University | Year-1 | Year1| Year2| Year3 Year4 Yean5
UNITED KINGDOM |
U. of BRISTOL (High B.Eng. |
School) M.Eng. | MSc.
CRANFIELD U. (High BA/BEng/BSc/MEng | MSc.
School)
U. of GLASGOW * B.Eng. |
M.Eng. | MSc. |
Nominal Student Age : 1 18 19| 20| 21| 22| 23|

(* : nominal starting age of undergraduate students in ScotlandLis one year earlier than the
rest of the UK)

13 see chapter 2.2
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Within  PEGASUS UK members, the aerospace engineering progsnvaey
considerably as shown in the table above. Whereas the “starmar@ulum may appear as in
Bristol to be a Bachelor of Engineering in 3 years and atéMad Engineering in 4 years,
Cranfield University offers only one-year specialisation prognas) (Master of Science, MSc.).
It is not even easy to characterise the overall profifes Cranfield graduate since the entrance
level for the Cranfield MSc. may be as diverse as thstiegi degrees in the UK: Bachelors of
Arts or Science, Bachelor or Master in Engineering...

Scotland shows also some differences. Unlike the rest of Kethié programmes in
Glasgow include Bachelors of Engineering in 4 years and Masténsgifieering in 5 years. But
the duration of high school studies in Scotland is on average oniegsdhan in the rest of UK,
which makes Scotland students enter the higher education sys&nyean earlier. As a
consequence, the duration of higher education studies is longemntkizan riest of UK but does
not lead to longer studies overall.

In any case, it was discussed and admitted, within PEGAS1aSthe UK engineering
programmes are shorter than the standard +5 level encountetss @ontinent. This is the main
reason why UK graduates would get the PEGASUS certificateaaadd (see Chapter 6) only
after one year of professional experience.

2.1.3 Engineering programmes: definition of course categories

As shown in chapter 3, the various national structures of higher emutat engineering
in Europe are a source of diversity across PEGASUS membesgon@® the structure of
engineering programmes, the programme contents themselves magouaiderably from one
institution to another. But in the end, all PEGASUS member pragesproduce aeronautics or
space engineers who can be recruited as such and are quickly ov@érati their aerospace
companies. This is no real wonder, it just shows that, beyondctheariety of the PEGASUS
engineering programmes, there is also a large amount of conityotiedt gives a sense to the
phrase « European aeronautics / space engineer ».

In order to simplify and summarise these commonalties in our FE&Aengineering
programmes, our approach has been to classify their contentkerfollowing categories:

FS : FEUNDAMENTAL SCIENCES
They are the background scientific knowledge required to understand amd util
techniques and methods used in aerospace engineering. FS includs cogis as
mathematics, physics, chemistry, computer science basics,

ES : ENGINEERING SCIENCES
They are sciences applied to general engineering purposes,ssaowthanics, fluid
mechanics, gas dynamics, electronics, telecoms, softamgaeering, simulation
tools and techniques, etc...
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AE : AEROSPACE ENGINEERING SCIENCES
Among engineering sciences, those having a strong orientatiomdgwarospace
have been identified separately. They include: aerodynamics, pimptkchniques,
aeronautical structures & materials, aircraft desigrghflidynamics, air traffic
control, aircraft operations, aviation safety, avionicsgcepngineering, others...

GC : GENERAL COURSES
Today, engineers can no longer limit themselves to purely techoalquyojects, and
they are in need of knowledge and skills in various “soft’rex@e domains. These
general courses include a large variety of topics (often prdpseptional courses)
such as economics, finance, management, project managénseory of aviation &
industry, foreign languages, etc...

IT/FYP : INDUSTRIAL TRAINING / FINAL YEAR PROJECT
Most PEGASUS engineering programmes include also one or sepanatls of
practical training, in laboratories or industrial structurdgese may take place during
the training program (industrial training/internship) and/or righihatend of it (Final
Year Project). In this case, the practical training perigdtiser long (generally 4 to 6
months) and represents an opportunity to apply to real industrial phihenrskills
acquired during the period of courses.

There is some logical sequence in the various categobegea The Fundamental
Sciences (FS) — as their name indicates — are mostly cayreaswhich the others are built up
(such as maths) and are therefore mostly taught in the fitsofptiie curriculum (generally the
first two years). Engineering Sciences (ES) and Aerospacenéargig (AE) courses are taught
at a later stage and constitute the core of the engine&aghing in all the PEGASUS
institutions. On the other hand, General Courses (GC) have amektrearying status, ranging
from almost nothing in certain programmes up to a substantiahpattiérs (almost 20%), spread
all over the 5 years of training. Finally, the practicalexignce (IT/FYP) varies also considerably
from one country to another according to national or local guideline

2.1.4Commonalties of PEGASUS aerospace engineering programmes

All PEGASUS aerospace engineering programmes are compriseduodes / practical
training in each of the above 5 categories. A closer look atighees show that, based on a
complete 5-year aerospace engineer programme (+ 5 laN@llpgrammes include :

- 15 % or more of fundamental sciences

- 40 % to 60 % of engineering sciences (including aerospace engingagnges)
- up to 15 % of general courses

- a practical experience from 5 % up to 25 % of the whole prageam

According to what was said in the previous chapters about the dudifferences
between the UK and the continent, it is easier to compase tfie continental PEGASUS
aerospace engineering programmes (see chart above). Thesgiking similarity in most of the
programmes, in that they are balanced in more or lesathe way across national boundaries.
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Obviously, countries with a strong centralised administration ofatn (France, Italy)
show little dispersion in their programmes’ profiles, but thesgpgmmes are also quite similarly
balanced as those of Spain, Portugal and Sweden. For instande,thnsa countries, the
proportion of basic science and technology (the sum of the ficstcategories: FS and ES) is
roughly the same, 40% to 50% of the overall curriculum (although #pectve weights of FS
and ES may vary more importantly according to some national itiolisatowards more or less
theoretical studies). Conversely, in countries with a long teedivf decentralised education
(Germany, UK), the dispersion between categories is greater dne university to another.
Nevertheless, some German universities (Stuttgart, Munigsden and Aachen) show a similar
proportion of basic science and technology (50%) as French, ItalgmisB and Swedish
institutions.

PEGASUS AEROSPACE ENGINEERING PROGRAMMES (Continental Europe)

ENAC
ENSMA |
ENSICA |

SUPAERO |
AACHEN |
BERLIN |

BRAUNSCHWEIG |

MUNICH |

STUTTGART |
DRESDEN |
MILANO |
PISA |
TORINO |
NAPOLI |
ROMA |
MADRDD |
SEVILLA |
LISBOA |

DHFTZZZZZZZ+IIIIIII

KTH STOCKHOLM |
PRAGUE |

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

OFundamental Sciences MEngineering Sciences O Aerospace Eng. Incl. Industrial and Final Year Project O General Courses
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Coming now to UK universities, there is a larger dispersiowdst universities, notably
Cranfield (which offers only one-year specialisation progras)mfe better description of the full
profile of a Cranfield graduate would be obtained by “mixing” then@etd programme profile
with one “standard” Bachelor’s or Master of Engineering prograr(sag : Bristol or Glasgow,
for instance). The resulting “corrected” Cranfield profoeer 5 years, would give less abnormal
figures like: FS =20% , ES = 16% , AE = 57% , and GC = tugly speaking).

PEGASUS AEROSPACE ENGINEERING PROGRAMMES
(UK)

Univ. of Glasgow

Cranfield Univ.

Universities

Univ. of Bristol

0% 20% 40% 60% 80% 100%

Percentage of the whole engineering programme inea  ch
university

O Fundamental Sciences B EnNgineering Sciences
O Aerospace Engineering [0 General Courses

After taking into account the above “correction” to estimatallactirriculum profile, the
universities of UK show a better correlation in their prograsyméth around 40% devoted to FS
and ES.

In any case, the main consideration about UK universitiegis gtrong emphasis put on
specialisation courses — in this case Aerospace Engineeringgeurghich represent over 50%
of the overall engineering programme. If we add up the Enginte@ourses category (ES), the
total amounts at over 70% (up to 82% for Bristol). Clearly, $tieng emphasis on specialised
engineering courses leaves few space for fundamental ssiemck general courses in UK
universities.

43187



AEROSPACE ENGINEERING PROGRAMMES

2.2PEGASUSM ASTER DEGREES

2.2.1 Aerospace Master degrees

The word “Master” has become quite confusing today in the world diehigducation.
Coming from the anglo-saxon academic world (UK and USA), wheatréady has a different
meaning across the Atlantic, as we could see from théopieehapters, it has
spread all over the world, some countries sticking to the UKnsehethers to the US model, and
others still adapting the word to their local descriptions !HisTis the case in some European,
non culturally anglo-saxon countries (France, Italy, Spain,...) wierevord “Master” also has
some similarity with old Latin roots. The consequence of tbimess of sources and adaptations
appears in what can be considered as a conceptual mazepbe pet directly involved in the
field of higher education!

If we try to summarise the different meanings the cltasmay possible, let's say that:
a Master's degree is always an officially recognisgulodia given at a higher level of

education, in most cases after a first degree (Bachebmts) or after completing a sufficient
number of years of post-secondary studies (4 to 6 years);

- Master's degrees entitle their holders to pursue doctoral studesearch work towards a
higher degree (Doctorate / PhD) and / or to work directlynaangineer in the industry ;

- In the USA and countries having adopted a higher education systeraddé&om the US
system (like Canada, Japan, China...), the first degreeh@ar’s) corresponds to 4 years of
study and the Master’s to 18 months to 2 years on top of the firsted€gy5 to 6 years of
post-secondary studies);

- In the UK and countries having adopted a higher education systemediérom the UK
system (many Commonwealth countries, except Scotland, seeicBap?2), the first degree
can be 3 or 4 years and the Master’s corresponds to 1 to 2ofestumislies on top of it (5to 6
years of post-secondary studies);

- In Europe, countries following the 1999 Bologna scheme also structuie higher
educational programmes in two stages: a first degree in & yBachelor’s, Licence or
Laurea) for 180 European credits, on top of which Master’s degrezgeaars (120 credits)
are offered. The whole 5-year (3+2) programme amounts then t&@@pean credits, in
accordance with PEGASUS standards for Aerospace Engineering.

In deviation from these general considerations, other meanindse oivdrd “Master” can be
encountered:

In France, a “Mastére Spécialisé” (in short: MS, english translation: Specialised
Master) is dabel given by the French “Conférence des Grandes Ecoles” (CGEpte gear
diploma programme for higher education graduates holding a previouseengg diploma (or
equivalent, for example a Master’s degree from another schooiwearsity) and in-company
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engineers who wish to acquire a complementary or specialigedioimg (continuing education).
It is not a Master’s degree

It usually amounts to about 350-400 hours of classroom teaching and inalddes 6
month- industrial placement or internship in a research laboratssgssed by a professional
thesis.

Contrary to that, the Frencibipldbme National de Master” (DNM) is a nationally
accredited diploma, therefore automatically granting the éegfréaster and allowing holders to
further continue towards doctoral studies (PhD).

In any case, all these French categories of Masters stegeneral characteristics of the
Masters depicted above (higher level, substantial duraticiidies: 4,5 to 6 years, etc...).

In Italy, there exist so-called Master Universitari (short: MUhglsh translation:
University Master courses). These may be open to holders oftlred_degree (1st level MU) or
to holder of the Laurea Magistrale degree (2nd level MU). Botisist of one to one-and—a half
year programmes. They are usually specialised and strongbyigated and include a significant
industrial internship period and a project. At the end of the cosiseents are awarded a
“Diploma di Master” (nationally recognised by the MinistryEeducation).”

In the Netherlands,the Master courses are open to BSc graduates of the saniated re
engineering degree program, and a selected number of B Eng graofudigher Professional
Technical Education that match with the master program. Theemarogram at technical
universities lasts two years and often includes an (interrd)i internship and a typ. 7-months
master thesis project.

Spain is introducing Master courses open to students holding a first unyweesitree:
“Diploma de grado” (3 to 4 years of study). They include one to onexdralf year programme
plus a final project and entitle the student to get a “Dipldmdaster” (nationally recognised by
the Ministry of Education).

In Germany, some universities have also introduced Master courses wiactiesived
from their Diplom-Ingenieur courses, but often taught in Englishderoto better attract foreign
students. Through an agreement reached between 9 German teghivieadities (“TU Neun”),
all 6 German PEGASUS partners are committed to recogaise other's Master’s degrees.

In the Czech Republicthe Master courses are open only to Bc. graduates of the same or
related engineering degree program. The length of Masteresoisstwo years including 1
semester diploma project. Graduates from Master programpasssthrough rigorous state exam
from at least three basic engineering or scientific disegliand defend the diploma thesis in
front of the official state commission. Graduates rexéhe title Ing. (In enyr, in English Master
of Engineering)
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Full list of currently existing PEGASUS Aerospace Mster degrees

France

ENAC Toulouse:

ISAE Toulouse:

M.S. Aviation Safety / Aircraft Airworthine&s

M.S. in Satellite-based Communications, Navigation and $lanee (CNS)

M.S. in Airport Design and Management

M.S. in Air Transport Managemefjvintly with Toulouse Business School)

M.S. in Aeronautical Operations

M.S in Cooperative Avionics (since 2007)

M.S. in Aviation Safety Management — Airworthingss
M.S. in Aviation Safety Management — Flight Operatidns
M.S. in Aviation Safety Management — Maintenarice

Master (DNM) in International Air Transport Operations (Si2007)

M.S. Techniques for aeronautics and space : option Aerosiautic
M.S. Techniques for aeronautics and space : option Astrogsauti
M.S. Aeronautical telecommunications and electronic system

M.S. Command and embarked systems

M.S. Light aeronautical structures

M.S. Aerospatial propulsion systems

M.S. System engineering

M.S. Integrated logistic suppdirt

MSc. Aeronautical engineering

MSc. Aerospace communications syst€joisitly with Télécoms Paris)

M.S. Aeronautical Maintenance

M.S. in Helicopter Engineering

M.Sc. Aerospace Engineering (DNNih accreditation process)
M.S. Aviation Safety / Aircraft Airworthine$$

M.S. in Aviation Safety Management — Airworthingss

M.S. in Aviation Safety Management — Flight Operatiéns
M.S. in Aviation Safety Management — Maintendfice

M.S. Integrated Logistics Support

1 Jointly with ISAE
2 Jointly with ENAC
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ENSMA, Poitiers (partnership with University of Poitiers) :

M.S. Mechanics, Energetics and Engineering, options in:
- Engineering in Solid Mechanics
- Fluids, Acoustics, and Energetics
M.S. Physics and Materials Engineering, option :
- Physical Properties and Materials Mechanisms

Italy

Politecnico di Torino Master in Space Exploration and Development Systems (SEHBED
collaboration with ISAE-Supaéro and the University of Bremen

Univ. di Roma: Master in sistemi di trasporto spaziale
Master in satelliti e piattaforme orbitanti

The Netherlands

TU Delft MSc. Space Systems Engineering
Spain
ETSIA Master Sistemas Aeroportuarios

Czech Republic

VUT v Praze Diplom in enyra v oboru Letadlova technika ( EngimgeDiploma in the
Branch of Aeronautical Engineering)
Diplom in enyra v oboru Provoz dzeni letecké dopravy ( Engineering
Diploma in the Branch of Air Traffic Control and Service
Diplom in enyra v oboru Kybernetika a meni — zam eni Leteckée
informa ni a idici systémy (Engineering Diploma in the Field of
Cybernetics and Measurement — Branch Aircraft Control and lafttom
Systems)

United Kingdom

U. of Bristol: MSc. Aerospace Design, Manufacture and Management
MSc. Aerospace Engineering
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Cranfield U.: MSc. Aerospace Dynamics with options in
- Aerodynamics,
- Flight Dynamics
- Computational Fluid Dynamics.
MSc. Thermal Power with an option in Aerospace Propulsion
MSc. Aerospace Vehicle Design with options in
- Structural Design
- Avionics
MSc. Air Transport Management
MSc. Astronautics and Space Engineering
MSc. Human Factors and Safety Assessment in Aeronautics

The following MSc programmes are available on a part time basis raguari
total study period of 45 weeks over three years:

MSc. Aircraft Engineering
MSc. Airworthiness
MSc. Safety and Accident Investigation

U. of Glasgow: MSc. Aerospace Engineering

2.2.2 Other Aerospace-related Master degrees

Cranfield U: MSc. Applied Psychology
MSc. Advanced Materials
MSc. Structures, Crashworthines and Impact

ENSMA, Poitiers (in partnership with the University of Poitiers) :
M.S. Automatics & Control

ENAC (in partenership with LUISS Business School, Roma):
Master in Aviation Business Administration (Aviation MBA) ince 2008

TU Delft: Master of Space Systems Engineering (by SpaceTech, amaitnb@ally
recognized program of the faculty of Aerospace EngineeringedD#tft
University of Technology educating mid-career professionals arespa
systems and business engineering)

48 /87



AEROSPACE ENGINEERING PROGRAMMES

2.2.3 ERASMUS MUNDUS European Masters

ERASMUS MUNDUS is a programme launched by the European Uniam astension
of the traditional ERASMUS programme which proved instrumemateveloping student
mobility within Europe since 1987. Experimentally launched in 2003, 8RAS MUNDUS
was closed in 2008 and labellised in-between 103 Master programroaghtbut Europe. The
main criteria are that the consortia should be made oast feree academic partners from three
different European countries; the proposed programme should be taaghéast two different
countries and lead to at least a double diploma. Once labe8isedg subsidies from the EU are
then granted to the programme, mostly in the form of tuition gramtsglaily life aids to students
from outside Europe.

Diversity being a rule in Europe, the 103 labellised prorammesglthve period reflects a
wide diversity of contents, partners and origins of the leadisiifutions, as depicted below:

ERASMUS MUNDUS MASTERS 2003-2008

m4% O3%E1%

H9%

010%

026% W 10%

6% 022%

O Mathematics E Chemistry

OTheoretical & Applied Physics OInformation Technology

B Engineering Sciences OAgriculture, Ecology, Sustainable Development
HE Health OLaw & Social Sciences

HHumanities HEManagement
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Some striking features appear from those statistics:

- “soft sciences” and humanities represent the bulk of the progesn45%);
“green” projects (Agriculture, Ecology& Sustainable Developmard also well over-
represented (22%);

- engineering sciencEs on the contrary, are much under-represented (10%);

- hard sciences, including computer science and IT, account foste#nof the total.

This probably is a reflection of the European university landsdaptrms of domains and
student population. It is nevertheless a bit disappointing to cartsige large amounts of public
European money do not benefit to engineering programs enough. Not to meartspaae
engineering: only ONE Erasmus Mundus programme (EUMAS) in thag@at has been
approved® and is supported by 5 academic institutions, all of them PEGA®Embers. The
EUMAS consortium is actually made of the University of Pi8d,Mlnchen, ETSIA in Madrid,
Cranfield and SUPAERO (now: ISAE).

The second edition of the Erasmus Mundus programme was offi¢aallyched on
October 21, 2008, and the call for proposals sent in the firgsgemof 2009. Compared to the
Erasmus Mundus Phase I, the Phase Il budget has been multiplieat B0 M€ over 5 years. It
will also extend the student grant system to make Europeam#aligible to student grants (in
Phase I, only non-European students were eligible).

2.2.4 Specific modules offered by the PEGASUS members

Every institution of the PEGASUS network offers specific modtdestudents, in areas
usualy related to the activities developed in the itsaneh laboratories.

Leaving apart individual lectures or dedicatexirsars, dictated by the accademic staff of
the institution or by visiting professors, the specific modules dersi here are well established,
permanent teaching activities, offered to students as cameplary or additional to the curricula,
or as modules embedded in the main curriculum as specificabpaiton, always with a well
characterised development, including the evaluation criteria.

The format of the specific modules , by its mgtaray vary appreciably, ranging from
one week duration to several months and are measured in ECTS.

It is not the intent of this paragraph to includmmprehensive list of all the modules
being offered by each institution; it suffices to say thaytcover a great variety of fields and
techniques with a diversity of approaches. As illustrative @keen some may have a deep
scientific content (ex.: "dynamics of space tethers", 4 &CTwhile others permit the
familiarisation with specific technics (ex.:" Preparatiord autilisation of aeronautical manuals
and other aeronautical documentation”, 3 ECTS).

15 excluding “Information technology”
16 another one concerns Space Science & Technologygh
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2.3 STRONG AREAS OF THE VARIOUS PEGASUS AEROSPACE ENGINEERING
PROGRAMMES

Individual PEGASUS member institutions show various aerospacenesngig
specialities. These specialities are reflected throughietyaf courses or programmes, some of
which are mandatory for all students while others are opti@httives). Consequently, some
PEGASUS members display a large offer of courses but thesrdmanean that they are taken by
all of their students. In some cases, these courses arelplkevery small numbers of students
each year, whereas others are not even open each year becadaekobf students willing to
attend then.

If we focus more closely on the aerospace engineering scieategory, our approach
shows that some topics are widely taught across the PEGA& & ering programmes, such as
aerodynamics, aeronautical structures & materials, atirdesfign, propulsion & combustion...
Others are more concentrated in some member institutionsh ywhicon emphasis on certain
specialities like aircraft operations, air traffic contrapace engineering & technology,
etc...Further analysis, including a fine description of reseaies and publications, would also
differentiate PEGASUS members from one another and put fdraraas of excellence/expertise
niches.

The overall offer of disciplines (mandatory and elective) @heREGASUS member is
reported in relative terms (as percentages of ten sdleotaprehensive aerospace domains over
the total amount of aerospace ECTS offered in that uniygisithe figures of the Annex.

These ten categories are:

1. Aerodynamics, Gas Dynamics, Heat Transfer

2. Structures, Materials

3. Aircraft Design, Subsystems and Integration

4. Rotary Wing Systems and Non-conventional Aircraft

5. Performance, Stability and Control, Flight Dynamics

6. Propulsion & Combustion

7. Production & Maintenance

8. Aircraft Operations, Aviation Safety, Airlines / Airports O perations and
Management, Air Traffic Management

9. Aircraft Navigation, Avionics, Communications

10. Space Engineering & Technology
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As a consequence of the possibility given to the students tg dle@ose a certain number
of disciplines, an occurrence profile for each PEGASUS mempergramme can only be
characterised in the very general sense of the grossnpeges of the last section above.
However, it is also possible to list “strong” areas for @astitution, around which students have
more or less opportunities to shape their own individual profile. Bhigossible in different
ways: either by choosing certain courses or ranges of coures thieir own university, or in a
PEGASUS partner university, in the home country or abroad, for a@hartonger period. For
this latter case, PEGASUS coated a special recognitiePEGASUS
A.W.A.R.D. (see chapter 3.4). The “strong” areas deduced fnendata mentioned above are
listed below:

STRONG AREAS OF THE VARIOUS PEGASUS MEMBERS
(AEROSPACE ENGINEERING CATEGORIES)

FRANCE

ENAC (Toulouse) Aircraft operations, aviation safety, agf@irport operations &
management, air traffic management; Aircraft navigatiemracs,
communications; Aircraft Design, Subsystems and Integration;
Performance, Stability and Control.

ENSICA (Toulouse) Aircraft design, subsystems & integratiéircraft navigation,
avionics, communications ; Structures, materials; Aerodyramic
gas dynamics ; Space engineering & technology.

ENSMA (Poitiers) Aerodynamics, gas dynamics, heat tranSfeuctures, mate-rials;

Propulsion, combustion.

SUPAERO (Toulouse) Aerodynamics, gas dynamics; Propulsion, coworgugtircraft,
navigation, avionics, communications; Space engineering &
technology; Structures, materials.

GERMANY

RWTH AACHEN Aerodynamics, gas dynamics; Structures, materials; Propulsion,
combustion; Aircraft design, subsystems & integration; Production
and maintenance.

TU BERLIN Aerodynamics, gas dynamics; Propulsion, combustiomgrafi

operations, aviation safety, airline/airport operations &
management, air traffic management

TU BRAUNSCHWEIG Aircraft operations, aviation safety, airline/airport openasi &

management, air traffic management; Aircraft navigatamMmonics,
communications; Structures, materials.
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TU MUNICH

UNIV. STUTTGART

TU DRESDEN

ITALY

POLITECNICO DI MILANO

UNIV. DI PISA

POLITECNICO DI TORINO

UNIV. DI NAPOLI

UNIV. DI ROMA

THE NETHERLANDS

TU DELFT

AEROSPACE ENGINEERING PROGRAMMES

Aerodynamics, gas dynamics; Space engineering &
technology; Propulsion, combustion; Structures, materials;
Aircraft navigation, avionics, communications.

Propulsion, combustion; Aircraft design, subsys &

integration;  Structures, materials; Aerodynamics, gas
dynamics.
Structures, materials; Aerodynamics, gas dy®gmi

Propulsion, combustion ; Space Engineering & Technology ;
Aircraft Navigation, avionics & Communications.

Structures, materials; Aerodynasiigas dynamics;
Propulsion, combustion; Space engineering & technology;
Rotary Wing Systems and Non-conventional Aircraft

Structures, materials; Aerodynamics, gas nalyics;
Performance, stability & control, flight dynamics; Space
engineering & technology;

Structures, materials; Aerodynasnic gas dynamics;
Propulsion, combustion; Aircraft design, subsystems &
integration; Performance, stability & control, flight dynamics;
Space engineering & technology.

Structures, materials; Aerodynamics, ghsiamics; Aircraft
navigation, Avionics, Communications; Performance,
Stability and Control; Aircraft design, Subsystems and
Integration.

Space Engineering &Technology; Structures, mals
Aerodynamics, gas dynamics; Propulsion, combustion;
Performance, Stability and Control, Flight Dynamics.

Aerodynamics, gas dynamics; Space engineering &
technology; Aerodynamics, gas dynamics; Aircraft design,
subsystems & integration.
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PORTUGAL

IST LISBOA

SPAIN

ETSIA MADRID

UT SEVILLA

SWEDEN

KTH STOCKHOLM

UNITED KINGDOM

UNIVERSITY OF BRISTOL

CRANFIELD UNIVERSITY

UNIVERSITY OF GLASGOW

AEROSPACE ENGINEERING PROGRAMMES

Aircraft navigation, Avionics, Communications;rféemance,
Stability and Control, Flight Dynamics; Aerodynamics, gas
dynamics; Aerodynamics, gas dynamics; Propulsion,
combustion;

Propulsion, combustion; Aircraft operations, aviatgafety,
airline/airport operations & management, air traffic
management; Aircraft navigation, avionics, communications;
Structures, materials; Aerodynamics, gas dynamics.

Structures, Materials, Aircraft Operations, Aviation Safet
Airlines / Airports Operations and Management, Air Traffic
Management, Production & Maintenance, Aerodynamics, Gas
Dynamics, Heat Transfer, Aircraft Navigation, Avionics,
Communications

Structures, materials; Aerodynamics, gasaayics;
Performance, stability and control ; Aircraft design,
subsystems & integration; Propulsion, combustion.

Structures, materials; Aerodynaspigas dynamics; Aircraft
design, subsystems & integration; Performance, stability &
control.

Aircraft operations, aviation safety airlines/airports
operations & management, air traffic management;
Aerodynamics, gas dynamics; Structures, materials; Atrcraf
design, subsystems & integration.

Structures, materials; Aircraftlesign, subsystems &
integration; Performance, stability & control; Aircraft
operations, aviation safety, airlines/airports operations &
management, air traffic management; Aerodynamics, gas
dynamics.
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CZECH REPUBLIC

CVUT PRAGUE Aircraft Navigation, Avionics, Communications, Aircraft
Operations, Aviation Safety, Airlines / Airports Operations
and Management, Air Traffic Management, Aerodynamics,
Gas Dynamics, Heat Transfer, Aircraft Design, Subsystems
and Integration, Performance, Stability and Control, Flight
Dynamics

3. ENSURING ADEQUATE, HIGH QUALITY AEROSPACE ENGINEERING
PROFILES FOR THE EUROPEAN INDUSTRY.

3.1 QUALITY ,A“MUST” FOR A HIGH-TECH SECTOR LIKE AEROSPACE

The statement that the European aerospace sector relies owatlabilty of highly
gualified engineers, and hencehih quality universities and schoolghat educate them, may
look somewhat obvious. As already emphasized in section 2.1 dbowejts inception at the
beginning of the 20 century, aerospace concepts and technology never ceased to teguire
highest degree of scientific knowledge and technological developmedt® look for the most
talented young engineers and scientist.

However, speaking today afuality has a more complex significance than in the past.
While still retaining its traditional and generic meaningnefit or value in fact, the wordjuality
is now used also to imply that a more or less large set dilisbied criteria is satisfied and that
this is testified by a formal judgement following a neutrall@ation procedure. In the domain of
high education, this lexical evolution is related to the new denoé increased transparency and
comparability of the European curricula raised by the Sorbonne - Bgiwgoass and ultimately
aims to promote European-wide and global recognition of the deg@adg. curricula of
comparable quality, then, can be recognized as leading to engufeetpiivalent value, no
matter how different some aspects of their specific ieahknowledge may be.

This request of comparability of the curricula and of transpyr®f the degrees are of
course general, but it is in the aerospace domain that theirtanperbecomes vital. Here all
significant activities are transnational, at European or dmeitle level, and engineers from
different countries work every day alongside. The possibility tgpleyn graduated from
everywhere in Europe, then, is a formidable resource fora#tironanufacturers and space
agencies, provided these are duly informed on the quality of tie dducation institutions
graduating them. The simplest way to provide this informatiorafomstitution is to display a
quality label, which can also meéan be accreditedby some independent body. The latter could
be an European Quality Assurance Agency for Higher Education, pregsent its constitution is
still a middle term objective.
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But, as remarked above, European aerospace does not only resnparability and
transparency. The documented quality has also tudbein order to allow this high-tech sector
to withstand the world-wide competition. High quality usually neeefficient structures, internal
processes under standing control and good management, all aspedtdy the 1ISO 9001
standards and similar. In the educational domain, however, highygueans also that the
contents and the methods of teaching have to be qualitativelywartitatively fitted to the
purpose of meeting the societal needs. Stating the threshold reemisefor such a quality
assessment needs a deep insight into the specific aspaetegpace which can be accomplished
only through a joint analysis performed by the main European high emludastitutions
together with the European aerospace industries, space agendesallaother possible
stakeholders. In this activity PEGASUS can play the eisgeale outlined below in section 3.5.

3.2 INNOVATIVE PEDAGOGICAL METHODS , BEST PRACTICES

Most PEGASUS partners have already started to implementygpedicesses and some of
them have also obtained accreditation labels in their countriesutside. These may be of
different kind. To quote here only some instances:

- The programmes of thdK universities are assessed by the Quality Assurance Agency
for Higher Education (QAA). Further, aerospace programmes soeasgsessed by the
Royal Aeronautical Society (RAeS). Since RAeS and ABElprecally recognize each
other, UK programmes assessed by RAeS are fully recognsedhahe US.

- TheDutch BSc and MSc engineering programmes are accredited by to@alagency
NVAO (Netherlands-Flemish Accreditation Organisation).

- The aerospace programmes of Brench GEA schools are audited everl gear and
nationally accredited by the Commission des Titres d’Ingén@tl)( which releases the

permission to award the engineering degree (national diploma authbyigke Ministry
of Education).

- Inltaly a national accreditation agency for higher education isnosing its first steps
and no national labels could yet be awarded. The programnties kbélian universities
are presently approved by the Ministry of Education subjecetéutfillment of a number
of general requisites (minimum amounts of credits in diffecirgter of disciplines, etc
...). However, some universities have started internal quadiyrance processes and
have submitted themselves to voluntary experiment of intennataccreditation. For
instance, the complete 3+2 Aerospace programme in Aerospace&nmgy of
Politecnico di Torino has been evaluated by an internatpeearl committee in the
framework of the European QUESTE accreditation experiment sgppoy EURACE.

- In Sweden only MSc-level programmes accredited by the National Agémcydigher
Education (Hogskoleverket, HSV) are allowed to award the fegaénior” diploma. This
is the case of KTH Stockholm.
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- In Portugal, IST Lisboa programmes are certified by the professionabcedon
(Ordem dos Engenheiros), which allows graduates to be immedsakeiiyted in it after
the diploma. Additionally, the IST programmes are also cedtifiy the Council of the
Rectors of the Portuguese Universities (CRUP).

- In the Czech Republic 4 Bachelor level programmes (the title Bc.) and all Mastvel
programmes (the title Ing.) atVUT v Praze are fully accredited by the Czech
Accreditation Commission (Akreditai komise eské republiky) which is the official
state body according to the law. Beside this the Bachelor [megjramme Aircraft
Maintenance Licence Class C is accredited by EASA and ddackevel programme
Professional Pilot is approved by Civil Aviation Authority (CAA)carding to European
regulation for pilot training JAR FCL1 for theoretical intatgd training ATPL (frozen).

All these certifications and/or accreditations are obtainedr afather demanding
evaluation processes conducted by independent experts. These oarhyaltation of extensive
dossiers, audits, interviews, inspection of the administratiekorganisational procedures, visits
to the lecture rooms and to the laboratories and so on. The ematuate usually repeated every
3 to 6 years, but this deadline can be much shorter initted phase.

The produced dossiers document, among others, albdkbepracticesadopted by the
high education institutions to identify possible weaknesses and toveethem in order to
improve the pedagogical and administrative efficiency of theativstructure. Focusing on
teaching in particular, some of the most recurrently quotetdpbastices are:

- questionnaires on the teaching quality, to be anonymously filldbdebgtudents in each
course or before end of a cycle. The way these questionnafresvaluated and the
feedback they originate is also evaluated;

- documented existence of official and periodical occasions to disawsgula and
teaching methods with the societal counterparts (employers dottarities, ...) and the
other stakeholders;

- accurate monitoring of the student provenance and composition (alscefeitbnce to
the percent of females), of their progresses during the st(idielsiding statistical
evaluations), of their employment rates after the degree

- availability of the detailed programmes of all offered couraed, in general, the
transparency of the practical information to the students.

It is worth noting that most (if not all) these practices halueady been implemented not
only by the above quoted PEGASUS partners, but also by sevieeas otot yet provided with
accreditation labels of any kind. For instance, student questiosraeeapplied in almost all
German and lItalian PEGASUS universities. As to the regatartacts with the societal
counterparts, particularly with the industry, PEGASUS iteéfHr the best framework for it at the
European level, i.e. at the most significant level for thespace activities. Therefore, simple
belonging to PEGASUS strongly helps an aerospace institutiatisysthis request.
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From this short outline it appears that, on averdlge, members of the PEGASUS
network are already well provided with the main requisites needed to be awarded with
accreditation labels, if not already possessed. Some regulsi@ever, are not always requested
by the current evaluation procedures in spite of their great impertéorcthe aerospace
environment. For instance:

- the guantitative and qualitative level of the European and wdadd- students and
teacher mobility;

- the offer of courses in English language to facilitate the stuebechanges but also to
improve the attractiveness of the PEGASUS institutiortkarworld;

- the possibility offered to the students to work in European teamisistance during the
preparation of their final projects.

It is no wonder that requests like these are not explicitly plogedost quality assurance
agencies, since these still work on national bases. The oftp®ted requisites, on the contrary,
becomes immediately visible in a domain which surpasses the natioeaas in Europe.
Undoubtedly they are equally best practices deserving consideratidiiomally, they are
possessed at a high degree by the PEGASUS institutions. Hemcemiphasis, placed by
PEGASUS, on the need for an European accreditation scheme for engirstéedies and for the
aerospace studies in particular.

3.3CONTRIBUTION OF PEGASUSTO TRANS-NATIONAL STUDENT PROFILES

The curricula offered by individual universities show a wideietgrof courses and
programs. Thus, the students trained by any individual university tdferent profiles from
each other. The student exchange programmes inside PEGASUSénttrisavariety since the
diversities of the curricula of the host and the home univessitan be added. All PEGASUS
students granted with the PEGASUS AWARD (see below) preseich crossed engineering
profiles.

In an increasing number of cases, the exchange programmes rbeREERASUS
members may also lead to double degrees. PEGASUS represadtsahframework for such
developments, leading to new, mixed curricula using the best ggidaband research resources
of its members to optimise these new programmes.

Furthermore, still aiming at improving quality, the PEGASUSwvoek provides the right
environment to implement practices of transnational benchmarkiragrospace. In a recent
ENQA Workshop Repotf this is callectreative benchmarkingnd the related activity is defined
as that of a “department of a university performing comparaissessment with foreign
partners”. Moreover: “In an ideal situation it may lead todbegelopment of study programmes
that adapt the best practices of both partners”. Further: l#nba between the similarities and
differences between the benchmarking partners is one of the alai@nts”. It is apparent that
the PEGASUS partner institutions have already made some anpsteps forward on this way
and that a further intensification of this action, providad supported in the framework of the

" Benchmarking in the Improvement of Higher EducatBNQA Workshop Report 2, Helsinki 2003
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quality processes encouraged by the EU, will directly resutlot of new crossed curricula and
other pedagogical activities commonly offered to the Europeasspace students.

3.4 PEGASUSCERTIFICATE anp AWARD

Even before constituting themselves as an association thASREE Partner universities
were related to one another through a tight net of scientifiatmmiations, student exchanges for
projects or courses, mutual recognition of parts of curricula mndpme cases, also double
degree agreements. On the basis of this long experiencbutieup in the course of the years a
framework of reciprocal trust, so that today each of thenblis t testify the quality of the
aerospace studies performed in each other of all PEGASitifition.

It is therefore almost natural that at the very momentdbitindation PEGASUS, aiming
to become the portal of the European higher aerospace educatioontinof the European
aerospace industry and research centres, appointed itselheitask of ensuring employers of
the common level of quality of the different degrees awardeiisbyartner institutions across
Europe. At the present stage this engagement refers only tevble+5 of the Sorbonne —
Bologna scheme. Moreover, it should be intended that the edstdimmon level of quality is an
equivalence of standard, not of contents. Indeed, the programries BEGASUS universities
still differ remarkably from each other. PEGASUS shares tieslesss the view that these
differences have to be safeguarded, as it is just in thistydhat the wealth of the European
higher education lies.

To officially make the academic achievements of its stisdi@ernationally recognisable
throughout Europe, two labels are issued and awarded by PEGASUSqlecmnt the national
degrees: thd?EGASUS Certificateand thePEGASUS A.W.A.R.D Both are signed by the
Chairman of PEGASUS and by the Dean (or Rector) of the delgv&niversity and report on
the back side the complete list of the PEGASUS memibéese certificates provide the possible
embryo for a future European quality label in aerospace engigeer

The PEGASUS Certificate

The PEGASUS Certificate is to be attributed to all graduatesthef PEGASUS
institutions. It states their successful completion, within @nseveral partner institutions of the
PEGASUS network, of a prescribed programme of study providingkile sequired to the
exercise of the engineering profession in aeronautics and aexoByaattaching the PEGASUS
Certificate to his demands for employment in Europe, a young enginerabled to demonstrate
that the quality of his studies is comparable to that of the ARLS home universities of the
employing company. It is believed that the PEGASUS Cenédiedll encourage the European
mobility in the aerospace domain.
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The PEGASUS AW.A.R.D.

Differently as the Certificate, the PEGASUS AWARDnN (acronym of “special
Achievement throughWorking Abroad for academidResearch or industriaDevelopment
projects”) is to be attributed only to the students who spendsitflea months abroad in either
an international exchange programme in a partner institutian an industrial or research
project conducted in a partner company or laboratory. The PEGASMARD is therefore a
statement of recognition of the successful activity conductetthdoystudent in an international
environment under PEGASUS responsibility. This is an important poingulse through the
AWARD label PEGASUS certifies an international experiefaewhich its own institutions
have provided the students with the necessary conditions. It istedpiat a young graduate
engineer able to display the PEGASUS AWARD will already ro@assession of a European
vision, which will make him particularly attractive for pfayment in the aerospace world.

All issued PEGASUS AWARDs are registered in a centradluige by the PEGASUS
Permanent Secratery in Toulouse, where their complete fisgusarly updated. Up to now, more
than 1500 PEGASUS AWARDs have been distributed by the Partnersities since their first
introduction in 2001.

3.4 QUALITY ASSESSMENT AND ADVICE : A POSSIBLE EUROPEAN ROLE FOR
PEGASUS

In conclusion of section 3.2 the need for an European accreditatiemscfor general
engineering studies was raised. However, this is not antaakyand its accomplishment will
probably take some years. Conversely, Quality Assurance @diuiside specific fields can be
envisaged in a shorter term and can provide the initial experienbe incorporated into more
general projects. In this sense aerospace is certainbettteandidate to start with.

As highlighted above, a fundamental element in all programmeai@i procedures is
provided by the societal requirements, among which the needs da#fénence industry play a
very important role. The European aeronautical and space indushgracterized by a very high
level of integration (particularly if compared to other industtiadnches) and already sets
common requirements to the higher education actors in aerospaceeengin@arallel European
integration processes are active also in the fieldrdfansport (carriers, regulators ...).

On the opposite side also the university world has set itsgibtion: PEGASUS already
collects and compares the curricula of its member institutimigls through the requirements set
for the admission of new members, is able to provide a very fundahend concise set of
quality standards. In a future Quality Assurance system, dbiscould be expanded and
improved. In addition to this, PEGASUS started a dialogue withBim®pean aeronautical
industry. All these activities will ultimately lead toc@mmendations to the member universities
about the best way to modify their curricula in order to harmahizen and to meet the societal
needs by preserving at the same time their traditional culrataes. In the usual language of
Quality Assurance, this will be tantamount to a disseminatidmest practices, first within the
PEGASUS network and ultimately outside it.
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Based on the above considerations, PEGASUS recommended in 2006 ®EA@#
Advisory Council for Aeronautical Research in Europe) an action tsMile EU Commission
aimed at studying a Quality Assurance system for the Europeaerhéglucation system in
aerospace engineering. This study could ultimately lead to &tmapean accreditation system.
Even if the whole process will probably take some years, thdt reould be of immense value.

Following these footsteps, PEGASUS decided in 2008 to take a néativmeitin that
direction, by defining and applying to itself, on a voluntary bastguality assurance inspired”
methodology to self-assess the programmes described in this ddcumterms of output
(graduates) competences. This idea is a first step deriwed fnany major accreditation
methodologies, either nationally in Europe (see paragraph 1.2.8naed), in the United States
(ABET, AABI, AACSB,...) or internationally (ENQA, EUR-ACEEQUIS, AMBA...). In a
second stage, PEGASUS ambitions to propose that same methodologalgxtéen order to
disseminate the best practices quoted above. First “natumalidates to benefit from that
expertise would obviously be the new “PEGASUS Associate Pditnstatus created by
PEGASUS in 2008 (see introduction of this document, last pyhy
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ANNEX

to the 3¢ edition of

PEGASUS

AEROSPACE ENGINEERING PROGRAMMES

« ENSURING THE HIGHEST QUALITY
IN EUROPEAN AEROSPACE ENGINEERING EDUCATION »

- Accreditation procedures in some European countries
o France

Germany

Greece

Italy

Lithuania

Netherlands

Poland

Spain

United Kingdom

©OO0OO0OO0OO0OO0O0Oo

- Aerospace Engineering Programmes detailed
o0 Aerospace Engineering course categories
o Profile of each PEGASUS member main engineering
programme (in %)
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ACCREDITATION PROCEDURES
IN SOME EUROPEAN COUNTRIES
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NETHERLANDS (NL)
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AEROSPACE ENGINEERING PROGRAMMES (Paragraphe 2.1)

1. AEROSPACE ENGINEERING COURSES CATEGORY

The ten categories are:

1. Aerodynamics, Gas Dynamics, Heat Transfer

2. Structures, Materials

3. Aircraft Design, Subsystems and Integration

4. Rotary Wing Systems and Non-conventional Aircraft
5. Performance, Stability and Control, Flight Dynamics
6. Propulsion & Combustion

7. Production & Maintenance

8. Aircraft Operations, Aviation Safety, Airlines / Airports O perations and
Management, Air Traffic Management

9. Aircraft Navigation, Avionics, Communications

10. Space Engineering & Technology
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2. PROFILE OF EACH PEGASUS MEMBER MAIN ENGINEERING P ROGRAMME

(in % of the total Aerospace Engineering courses offered i@ach institution)

AEROSPACE ENGINEERING PROGRAMMES (in percentage of the total AE courses)

ENAC

50,0
45,0 -
40,0 -
35,0
30,0

25,0

@ % of total hours

m Total hours/10

20,0

15,0
10,0

5,0 -

0,0 -

ENSMA

45,0
40,0
35,0
30,0
25,0
20,0 -
15,0 ~
10,0 +

5,0 -

@ % of Total Hours

m Total Hours (x100)

0,0 -
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30,0
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15,0
10,0

5,0

0,0

SUPAERO

@ % of total hours
@ Total Hours/100

30,0
25,0
20,0
15,0
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50

0,0

AACHEN

@ % of total hours

| Total Hours

20,0
18,0
16,0
14,0
12,0
10,0
8,0
6,0
4,0
2,0
0,0

BERLIN

@ % of total hours

[ Total hours
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STUTTGART

@ % of total hours
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MUNICH

@ % of total hours
M Total hours/10
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@ % of total hours
M Total hours/10
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DELFT

100,0
90,0
80,0
70,0
60,0
50,0
40,0
30,0
20,0
10,0

0,0

@ % of total hours
W Total hours /10

87187



