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Abstract

The job profile of the aerospace engineers in the industry as well in aviation has undergone substantial changes during
the last decades. The classical designer profile has been replaced by a much more articulated one, including a plurality of
activities that once were considered outside the domain of engineering. Consequently, a new set of knowledge, skills and
ability is requested to the new graduates, implying a deep reconsideration of the university curricula and the teaching
methods.

1. Introduction

The classical working profile of an aerospace engi-
neer has dramatically changed in the last decades. The
traditional activity of designing aircraft and spacecraft
configurations or components, supported by structural
or aerodynamic computations and technical drawings,
is now prevalently performed by software tools that
mainly request a reasonable amount of critical insight
to be correctly used for the purpose. Moreover, differ-
ently as in the time before the 60’s of last century, a
new commercial or military aircraft configuration ap-
pears only every 20 or 30 years. Consequently, a strong
shift from project and design to other activities has
characterized the working environment of aerospace
engineering. These activities require a background in
financial and management fields, of ethical and human
issues, environmental protection, human factors, reg-
ulatory and legal subjects . . . all disciplines in the
past time considered as lying outside the domain of
engineering. As such, the aerospace engineering pro-
grammes did not include them – or included them in
a limited form. As emerging from several investiga-
tions, however, the aerospace industry and the related
services increasingly need this kind of knowledge.

But extended knowledge is not the only critical issue
in aerospace engineering education. An emphasis on
a large set of abilities and skills, including team work-
ing, languages and communication, networking, use of
multimedia and internet tools, adaptability and flexi-
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bility, open-mindedness to different cultures . . . more
and more appears in the engineering profiles as manda-
tory for the employers. It is clear that including all
this as specific modules inside the curricula makes no
sense, because the students cannot acquire these skills
through formal learning. Rather, it will be necessary
to reconsider the whole way of teaching by putting
much more emphasis on student projects, team activi-
ties, autonomous research tasks and so on. Several Eu-
ropean and worldwide universities have already taken
this way, while barriers to progress in this direction
are still present in many other. In particular in Italy
a formidable obstacle to modification of the curricula
according to the above mainlines is represented by the
limit posed by the law to the number of independent
assessments, which unavoidably limits also the number
of the given subjects available for the students.

2. The Changing Engineering Job Profiles in
Aerospace

If, by means of an imaginary time machine, one
could go back to the years before and after the Sec-
ond World War and visit the technical offices of a big
aircraft manufacturer, the offered view would be that
of huge rooms populated by crowds of engineers. A
part of these would be bent over their drafting tables
and drawing while, maybe in another room, a second
part would be busy with lengthy computations per-
formed with sliding rules or, in the best case, through
mechanical computing machines. Somewhere a huge
sliding rule hangs on a wall allowing for computations
that are more precise. A closer look at what these peo-
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ple are doing would also reveal that they are directly
applying the physical theories learnt at the university
or the college. To predict the aerodynamic drag of ex-
ternal surfaces, for instance, they use boundary layer
theories, transition and separation criteria . . . and, to
avoid solving the related differential equations, make
use of their solutions in form of numerical tables. The
same occurred in the structural design domain, where
analytical solutions for the behaviour of beams, plates
. . . still provided the bases for the design. One should
also consider that this was the way to design not only
the general configuration of the aircraft but also of all
its components, from the landing gear to the propellers
and so on. In spite of the fact that engineering edu-
cation in the universities was more aimed to research
than to production or market issues, the proximity be-
tween what was taught and what was requested by the
industry was much closer than today. As a matter of
fact, many scientific contributions to the advances of
aeronautical sciences came from people working in the
industry.

All of this has, since a long time ago, disappeared.
Now comprehensive computer codes can perform all
that work and only a sufficient knowledge of the un-
derlying physics is necessary for a bunch of engineers
to understand and evaluate the obtained results. In
a sense, this process is parallel to that occurred in
the factories and offices, where automation and robots
have reassigned millions of working places.

One could argue that at least the general concept
of a new aircraft requires the classical human ingenu-
ity. However, a huge difference to the past time is
evident: considering not only the civil but also the
military aviation, the design of a new configuration is
a very rare event, occurring once every 20 to 30 years.
Conversely, it is sufficient to have a look to a book illus-
trating the history of aviation to realize how many new
aircrafts where yearly put into the market during the
50’s of the last century. Clearly, this is a consequence
of the huge investments requested today to develop a
new aircraft compared to the relatively low ones of 70
years ago. Modern civil and military aircrafts have
an operational life of several dozens of years, during
which they are subjects to successive upgrades, which
leave the configurations substantially unchanged. The
situation is different in the space sector, where every
vehicle is normally a single unit, but the employment
rates are much lower than in aviation.

In spite of all this, the employment in aerospace is
constantly increasing. Alone in the European indus-
try, it raised from 681,000 units in 2008 to 780,000
units in 2013 (even if this was the time of the world
crisis!), of which 93% working in aeronautics and 7%
in space [1]. It is also interesting to consider that 38%
of these employees in aerospace are university gradu-
ates (against a 41% of technicians), a proportion which
raises to 67% in the space industry. These figures are

only characteristic of aerospace and other technologi-
cally very advanced domains. How does this conform
to the disappearance of engineering working places de-
scribed above? The answer to this question is twofold.
First, and more obviously, today’s aerospace sector is
many times larger than that of 70 years ago and there-
fore “must” employ much more people. However, there
is a second more subtle reason, which can also explain
why such a large proportion of these people has a uni-
versity degree: complexity. Modern aerospace prod-
ucts are extremely complex not only in their concep-
tion, but also in their interactions with the societal
and economic external environments. The nature of
the cancelled working places, which were all technical
designer places, evidences this. Other different activ-
ities replaced them. If we look at the employment
breakdown by activity of today’s employees [1], we
find that that 60% of them are working in production
and 16% in R&D. The remaining 24% includes a 7%
of managers and a 17% performing other activities.
Therefore, only 16% of the industrial aerospace em-
ployees is working in R&D, i.e. the activity in which
project and design take place. Nothing better that
these figures witness the shift from design to other ac-
tivities (many of them included in production), which
has characterised the evolution of the engineer profes-
sion in aerospace.

This is even more evident by considering also the
direct employment in the sectors of the air transport
and services (not included in the figures above, which
only relate to the manufacturing industry). This em-
ployment amounts in Europe to almost 700,000 units
working in airlines, airports, air control, maintenance,
logistics, . . . with a very high percent of graduates
especially in the agencies [2]. Its size is therefore
fully comparable to that of the industrial employment.
Alone the maintenance sector, steadily growing, occu-
pies 45,000 people in Europe. This figure includes en-
gineers and technicians, with an increasing proportion
of the former ones, but not the administrative people.

As a conclusion of this section, there is little hope
for a young graduate in aerospace engineering that his
job of will focus on classical technical design activities.
This may be frustrating for students still dreaming
to project new aircrafts, also because most curricula
provided by our universities still propose that model.
However, the job profiles offered by today’s aerospace
world are very different and manifold. The next sec-
tion will try to identify what that world actually needs.

3. Knowledge, Skills and Abilities Requested
by Today’s Aerospace Working Environ-
ment

Three quotations from A. Kamp [3] may help to
envisage the profile expected by the engineering grad-
uates in the forthcoming decades:
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Engineering students are not only students of en-
gineering, but also of the problems and solutions that
may well go beyond their own engineering expertise,
or even engineering as a whole. We have to prepare
them for, broadly speaking, three different engineer-
ing roles they may play in their careers. Firstly, we
have to enable our graduates to develop into expert,
world-class engineers with strong integrator capabili-
ties to use and advance disciplinary expertise on its
fringes, or fuse technological breakthroughs in one dis-
cipline with other disciplines. Secondly, engineering
graduates should be able to develop into integrators
who synthesize, operate and manage across technical
or organizational boundaries in a complex environ-
ment. Thirdly, our graduates should be able to take
on the role of change agent, which means they must
be prepared to provide the creativity, innovation, and
leadership that is needed to guide research and indus-
try to future success. During their study they must
learn how to link science and engineering to the needs
of society, and how to communicate this to the pub-
lic. Most of today’s engineers work in industry and
research institutes and rarely interact on a one-on-
one basis with people who directly benefit from their
products or services, unlike, for instance, physicians,
lawyers, and teachers.

The three most common kinds of problems that
practicing engineers solve are in the field of decision
making, troubleshooting, and designing. For any of
the three, solving the problem is more or less the same
as defining it: there exists no black-and-white termi-
nation criterion.

Tomorrow’s engineers no longer have to memo-
rise everything they learnt at school. The half-life of
cutting-edge specialist technology information is less
than, say, five years, and much of what students learn
today in a specialization Master’s is obsolete within a
couple of years of graduating.

Basing on these considerations A. Kamp points out
eight key aspects that will characterize the (not only
aerospace) engineering education in 2030:

1. Rigour of engineering knowledge

2. Critical thinking and unstructured problem solv-
ing

3. Interdisciplinary and systems thinking

4. Imagination, creativity, initiative

5. Communication and collaboration

6. Global mind-set: diversity and mobility

7. Ambitious learning culture: student engagement
and professional learning community

8. Employability and lifelong learning

It is important to note that only the first and the
third of these aspects might directly affect the sci-
entific and technical contents of the engineering cur-
ricula. Even if most aerospace programmes already
provide a rigorous knowledge, in fact, these two as-
pects imply the necessity to enlarge it by strengthen-
ing the general engineering fundamentals, by adding
elements of human, societal and economic factors and
by making it more interdisciplinary. The third obser-
vation by Kamp quoted above points out the way to
reach these objectives, namely by accurately identify-
ing the too specialized information expected to become
rapidly obsolete and by removing it from the curricula,
so gaining the space for the new contents.

However, most of the eight key aspects do not re-
late to teaching contents, but to skills and abilities
that cannot be simply taught and learnt in the classes.
They include a lot of novel attitudes, as the capacity
to approach not well-defined problems, to work with
persons of different education and culture, to act ef-
ficiently and pro-actively in a team, to speak fluently
one or two foreign languages, to communicate in tech-
nical and non-technical environments, to update the
knowledge through lifelong learning in order not to be
surpassed by the progress in science and technology,
to be aware of environmental and societal issues . . . .

Actually, we do not need to wait for 2030. A re-
cent investigation performed in the framework of the
PERSEUS Project [4] (supported by the EU Commis-
sion through H2020 with contributions from the Work-
ing Group Accreditation of the PEGASUS Network)
has evidenced that the European aerospace industry
already considers that certain traditional disciplines
are even too much represented in the academic curric-
ula. Conversely, there is an unsatisfied industrial re-
quest for Environmental Aspects, Configuration Man-
agement and Integrated Environments. The clearest
request, however, is that regarding skill and abilities.
The contacted companies (two big players in aeronau-
tics and space, plus a number of SMEs) unanimously
would appreciate graduates provided with the follow-
ing characteristics:

A. Technical skills (Simulation and software pro-
ficiency / CAD-CAE-CAM, Writing technical
specifications, Conducting a technical or eco-
nomical study)

B. Methodological skills (Analyzing and solving a
technical problem, Managing a technical meeting,
Managing a technical project/program, Writing a
synthetic report, final project report or technical
document to be used as a reference by others)
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C. Interpersonal skills (Team working, team man-
agement, Working in a multicultural environ-
ment, Proficiency in English, Oral communica-
tion skills)

D. Other skills and abilities

• Proficiency in a (second) foreign language other
than English

• Industrial experience (internship)

• Ability to integrate non-technical parameters
(economical, juridical, environmental. . . ) in
proposed technical solutions

• Personal skills/behaviours (Independent work-
ing, autonomy - Well-being, stress management
- Analytical skills - Time management - Inter-
cultural, Open mind set, capability to work in
different countries/business environment)

• Management skills (Business acumen - Leader-
ship/Decision making - Influencing/negotiating
skills)

As stated above, all this that cannot be simply
taught and learnt in the classes. Rather, it must per-
meate the curricula through involvement of the stu-
dents in projects strictly related to the teaching con-
tents, hands-on activities, case studies . . . and in-
ternational experience, especially in aerospace engi-
neering where activities are mostly supranational. We
should expect, therefore, an impact on the structure of
the curricula as important as on their major contents.

4. Is the Academic Offer in Terms of Education
Adequate? A Challenge to the European
Aerospace Programmes

A very recent benchmark study started by MIT [5]
tries to identify which institutions worldwide are the
current or the emerging leaders in engineering educa-
tion. To this aim, it indicates four key features that
are likely to distinguish the world’s best programmes
of engineering education in the coming decade:

• The combination of digital technology and active
learning to deliver a world-class, student-centred
education to large cohort sizes;

• The increase in flexibility, choice and diversifica-
tion offered to students in their engineering stud-
ies;

• Curricula that bring together the themes of cross-
disciplinary learning, global experience and the
use of engineering to drive positive societal
change;

• Ensuring that key learning experiences, such
as work-based learning and user-centred design
projects, are not ‘bolt-on’ activities but allow stu-
dents to reflect upon, contextualise and build
upon their learning across the rest of the cur-
riculum.

It is noteworthy that these academic features pro-
vide an appropriate response to the requisites posed by
the industries to their new engineers and are in per-
fect agreements with Kamp’s reflections quoted above.
Two questions arise: i) which challenges will the uni-
versities be compelled to face to modify their pro-
grammes in order to incorporate these features; ii) do
universities exist, in particular aerospace programmes,
that have already progressed on this way?

As to the challenges faced by the universities, the
quoted MIT study (based on 50 interviews to inter-
national “thought-leaders”, selected among pioneers
in engineering education research, policymakers in the
field and university leaders with direct experience of
delivering highly regarded engineering education pro-
grammes) evidences four main issues:

1. The siloed (sic) nature of many
engineering schools and universi-
ties that inhibits collaboration and
cross-disciplinary learning. (the
discipline/department-based struc-
ture of many engineering schools and
universities represents an obstacle to
multi-disciplinary learning);

2. Faculty appointment, promotion and
tenure systems that reinforce an aca-
demic culture that does not appropri-
ately prioritise and reward teaching
excellence (the career advances of the
academics are based on research rather
than on teaching results, also because
the former ones are far easier to mea-
sure);

3. The challenge of delivering high qual-
ity, student-centred education to large
and diverse student cohorts (innova-
tive teaching is more easily offered to
small classes);

4. The alignment between governments
and universities in their priorities and
vision for engineering education (with
regard to this issue the situation is dif-
ferent from country to country).

Issue 2 deserves a special comment. Best univer-
sities are not only teaching but also research institu-
tions. Consequently, their faculty members incline to
dedicate most of their time to research just because
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their reward (in term of career and available financial
sources) will depend on their research results. This
may disconnect them from the engineering practice
and encourage them to teach in the BSc and MSc
programmes applying methods and providing contents
better fitted to the PhD ones. Alternatively, the in-
volvement in technology transfer activities may pro-
vide a source of compensation of this mechanism, re-
connecting research and end users.

The second question, namely whether universities
exist which have taken on these challenges by innovat-
ing their curricula and teaching methods, has an affir-
mative answer. The quoted MIT study lists ten “cur-
rent leaders” in engineering education, three of which
are located in Europe. One of these owes its ranking to
its aerospace engineering programme: Delft University
of Technology (TUD). Indeed, a look to its BSc cur-
riculum shows a large space dedicated to projects per-
formed by student teams where interdisciplinary topics
are studied making use of the knowledge imparted in
the courses and developing a variety of skills.

A very different situation is that of the universities
in Italy. Here a national law prescribes – besides other
restrictions - a rather low upper limit to the number
of independent assessments (20 in the BSc and 12 in
the MSc), so compelling the curricula to be composed
by only a few very large subjects. This may make
sense in the first BSc year and in part of the second,
where the fundamentals of science and engineering are
taught (as remarked in Section 3, rigorous fundamen-
tals are still – and will ever be – requested). However,
these restrictions leave no place in the curricula for
the multiplicity of information and pedagogical initia-
tives requested by the modern approach to aerospace
engineering. This is at present the specific situation of
Italy with regard to the fourth critical issue listed in
Section 4.

5. Conclusions

Engineering education is at a turning point and
aerospace engineering is destined to lead the change.
An interesting element emerging from the MIT study
is that it considers not only the “current leaders” but
also the “emerging” ones. Out the best ten of the lat-
ter are four institutions located outside EU and US,
namely Singapore, China and Australia2. The univer-
sities of these countries established new engineering
programmes from a blank state, free from any con-
ditioning legacy of the past. As stated in [5], this
is pointing to a shift in the centre of gravity of the
world’s leading engineering programmes from north to
south and from high-income countries to the emerging
economic powerhouses in Asia and South America.

In other words, the future competition among uni-

2It is worth remarking that TU Delft appears in both lists. TUD
is a member of the PEGASUS network and at present chairs it.

versities to educate graduates able to work at the ex-
pected level in the international environment will be
very hard and innovation in teaching will more and
more provide the key of the success.

Once more, let us quote the words of A. Kamp [3],
which offer the best conclusion to this paper:

Programme change will not be driven by technol-
ogy but by university strategy, the changing nature of
the student body and the decisions of individual faculty
members. Quite a number of programmes show a dan-
gerous sense of complacency, where people deny or are
insufficiently aware of the growing mismatch between
job market needs and the narrow focus on technical
knowledge in our current curricula. We have entered
an era where higher engineering education is in the
throes of a major shift. Making fundamental changes
is inevitable. It is the only way to reap the benefits of
pedagogical and technological innovations, and better
prepare graduates for the increasing and very different
demands of the new world of work. It is better to envi-
sion these changes and make choices on how to adapt
education now, than to wait for time to pass and then
try to respond. The future may arrive long before we
have been able to make the necessary changes.
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