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EDITORIAL

GLOBALIZATION AND/OR NATIONAL INTERESTS

Prof. }'anos Ginsztler,
President of the WFEO Committee on Educatzon and Training

The reason, why we choose the title of this 6. Number of IDEAS was to share with our dis-
tinguished readers the thoughts of world-wide known excellent experts about the impact of
globalization on the engineering education and engineering practice, which were widely dis-
cussed during the satellite conference (in Balatonfiired, Hungary, 22-26. June, 99.) of the
World Science Conference (organized by the UNESCO with the contribution of the
- Hungarian Academy of Sciences, Ministry of Education, National Committee for
Technological Development, Hungarian Academy of Engineering and also our Committee,
Budapest, Hungary, 27. June — 2. July, 1999).

Prof. Fose Medem underlined in his lecture during the WSC the most important role of en-
gineers in the interest of increasing the welfare of the societies. He strengthened the statement
of our satellite conference, that the engineering profession represents an essential “bridge” be-
tween the science and society.

Prof. Miguel Angel Yadarola, Past President of our Committee wrote in his editorial of the 5.
Number of IDEAS:

"The fundamental change in which we are already immerse is the supremacy of knowledge
that means a new approach in the concentration of power of a nation. A power that does not
‘lie exclusively in capital, in the production media or in the labour forces, but in the minds of
engineers, workers, administrators and directors”.

Following his uptodate order of ideas, the articles of this issue are grouped around three
main topics:
— Global Perspectives
— Development in Teachmg
— Regional and National Responses to Globalization

I do very iﬁuch hope, that this volume will help for all of us to try to find the harmoniza-
tion between our national and global interests.

Let me thank very much the most useful work and help‘in editing this number for the mem-

bers of our Editorial Board, for Prof Miguel Angel Yadarola, Dr. Stefanos I. Ioakimidss, for
Prof. Fack Levy, and also for the Secretary of our CET, for Mrs. Zsuzsanna Sdrkizi-Zdgoni.

IDEAS N°6/OCTOBER 1999 5



ﬂnal report on the Satﬂllltﬂ conference of the
World Science Gonference

“IE |Illllﬂl}t llf ﬁlllllﬂlllﬂtlllll IIII EII!IIIIEBI‘I!I!I
[lllll}ﬂtlllll and Practice
| '(Ba'l’atonfiired,'ZVZ j‘une ; 24 juﬁe‘l 999)
“DESCRIPTI‘ON OF THE EVENT '

More than 60 part1c1pants from more than 20 countries took part in the satelhte conference.
The central théme of the conference was globalization ard its impact on engmeermg educatton
and practice. There are many different aspects of globalization:

— the globalization of the world market and the world economy;

— the development of global communication systems; o

— the globalization of international i 1nst1tut10ns, for example in the ﬁeld of hlgher education, en-
vironmental protéction, security pohcy, etc., and -

— the globalrzatlon of political systems

Engrneers of the next century must respond to the consequences of the qutck spread of glo-
balization. More and more engineers will work across national boundaries, and therefore they
must understand the cultures, traditions and languages of countries where they will work, or
where their products will be utilised. These tasks set up new challenges and reguirernents the
engineering education and for the englneermg professron Distinguished Hungarian and
International experts active in the field of engmeermg education - including some from ‘the
developing countries who partlcrpated in- this impertant international’event, thanks to
UNESCO support - debated the problems; arising from globalization. Included were the prob-
lems of mutual recognition of accreditation systems, the néed to teach sustainable develop-
ment in engineering education, the challenge of knowledge based societies and the permanent
updating of engineering teachers. Also highlighted was the importance of ‘quality control at
engineering education institutions, given the wide differences between educational systems.
In discussion many suggestions were made as to how the difficulties could be resolved.
Remembering that globalization involves life long learning consideration was also given to the
problems of continuous professional development of the'graduate and of the continuing engi-
neering education. The international conference was followed by the Annual Meeting of the
Committee on Education and Training of the WFEO in the afternoon hours of 24 June; and
by the joint meeting with the International Committee 6f Engineering Education of the
UNESCO, in the forenoon of 25 June. A joint statement was sent to the WSC Secretariat in
Budapest, emphasmlng that the englneermg professmn represents an essentlal ”bndge” be—
tween- the sc1ence and soc1ety : -

. . : o Prof ]anos Gmsztler‘

Chazrman of the Satellite Conference

6" IDEAS N°6/0CTOBER 1999



| Uhited ngdom

~ International Recognition of
~ Engineering Qualifications

Eur. Ing. Professor Fack Levy,
The City University, United Kingdom

SUMMARY: The writer was a UK representative in the original negotiations for the
"European Engineer’ (EurIng) title, covering 27 countries, and also for the "Washington
Accord’ on the mutual recognition of accreditation systems among a number of countries
across the world. An account is given of the negotiating difficulties, due to the differences
between educational systems, and how. the difficulties were resolved. Based on these experi-
ences, consideration is given to the possible types of agreement and to the problems of
achieving global progress on the equivalency of engineering qualifications to the benefit of
professional engineers and their employers. Some current initiatives on mutual recognition
are briefly reviewed, involving countries not only in Europe but also in North America

(NAFTA) and Asia (APEC).

KEYWORDS: | Engineering Edﬁcation — Accreditation Global

INTRODUCTION

Suppose all the delegates to this
International Conference had the same acad-
emic and professional qualification, irrespec-
tive of the country in which they received
their engineering education and training.

In that case, all of us would be able to prac-
tice in any of the countries on.equal terms
with those born in that country. Also, there
would be much wider recognition among the
general public of the meaning of our qualifi-
cation. As it is, systems of engineering edu-
cation and professional training are widely
diverse. This results in a range of academic
and professional titles which can cause con-
fusion, not just among the general public but

also globally among governments, employers
and professional organisations.

Consequently, it is to the advantage of in-
dividual engineers and the profession as a
whole that systems of mutual and interna-
tional recognition of engineering qualifica-
tions should be developed and that common
titles should be available for those engineer
wishing to adopt them. A :

THE ,UN_DERLYING EQUIVALENCE
The laws of physics, mechaﬁiés and good

engineering practice are universal and no re-
specter of national boundaries. So, on the

face of it, there is every reason to believe that
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engineers educated and trained to the appro-
priate standard in one country should be
deemed competent to practice in other parts
of the world. i

THE VARIABLE BASIS
OF QUALIFICATIONS -

To be competent to practice it is gerierally

acknowledged that a professional engineer
must acquire :

a) An appropriate university level educa-
tion, providing analytical and theoretical
knowledge;

b) Training, which imparts skills in deal-
ing with practical problems and people ;

¢) Experience including some of a respon-
sible nature.

While all these components of profession-
alism are needed, the way they are acquired
varies, as does the point at which the nation-
al professional title is awarded. In particular,
the length of the academic course may vary

widely, from three years to five or more-

years. The differences may be illustrated by
comparing three systems of engineering ’for-
mation’:

United Kingdom: A shorter university course
of three years (now rising to four). This re-
sults in a university degree such as Master of
Engineering (MEng). However, the profes-
sional title of Chartered Engineer (CEng) is
only awarded after a further period of some
four years supervised training and experience,
plus an interview.

The USA: A four-year university course
leading to a Bachelor degree. The Professio-
nal Engineer (PE) title is awarded by each
State on success in two examinations, the
first of which can be taken prior to gradua-
tion, while the second, requiring more train-
ing and experience, is taken two or three
years after graduation.

Germany: A longer university course of five
years or more, but which may incorporate el-

8 IDEAS N°6/OCTOBER 1999

ements of training and industrial experience.
The university degree of, for example, Dipl.
Ing., is regarded as the professional title and
there are no further examinations.

These three examples, which do not ex-
haust the possibilities, . demonstrate the in-
herent difficulties of equating systems at par-

- ticular points in the *formation’ process.

There are also variations in methods of
course validation and quality assurance.
Some countries, such as the USA, have a
well-established system of accreditation op-
erated by ABET (the Accreditation Board for
Engineering and Technology), which is in
the control of the profession itself. A similar
system is used in the UK, Australia and else-
where. In other countries, the accreditation
system is operated not by the profession but
by the government. For example in the case
of France the responsibility belongs to the
Commission des Titres d’Ingenieur. Yet a-
gain, in some countries the responsibility for
standards is left to the university itself, with
no external checks.

POSSIBLE TYPES OF MUTUAL
RECOGNITION AGREEMENT

With the variation of systems in mind, it
seems that three main kinds of international
agreements are possible.

a) Comprehensive agreement with transferable
titles: ‘

Engineers attaining the professional title
in their own country could move to another
participating country and use the profession-
al title of the host country. No such examples
are known, even between countries with al-
most identical systems. However, some bi-
lateral agreements between the professional
bodies of two countries do approximate to
this comprehensive type of agreement. (In
such cases, ’daily-chaining’ is not allowed.
That is, if A recognises B and B recognises C,
it does not follow that A automatically recog-
nises C).



b) Comprehensive agreement using a new com-
mon title:

A number of countries may agree that their
formation systems, though different, pro-
duce comparable results, but custom and po-
litical barriers rule out the transfer of titles.
In such cases a new title may be invented
which can be used by all who meet the stan-
dard. The European Engineer (Eurlng) falls
into this category.

c) Agreement to recognise the academic compo-
nent only:

This type of agreement falls short of full
mutual recognition of the whole professional
formation process. It means that an engineer,
moving from one participating country to
another, would have his or her university de-
gree recognised as fulfilling the academic re-
quirement of the host country. But the engi-
neer would have to satisfy any further re-
quirements regarding training, experience
etc of the host country in order to qualify for
the .professional title. The *Washington
Accord’ is the most notable example of such
an agreement.

"NEGOTIATIONS FOR THE EURO-
PEAN ENGINEER (EURING) TITLE

— Background:

The European Federation of National
Engineering Associations. FEANI (Federa-
tion Europeene d’Associations. Nationales
d’Ingenieurs) was established: in 1951 and
now has its headquarters in Brussels. Among
its- aims  is. securing the recognition of
European engineering titles facilitating the

freedom of engineers to. move and practise -

within and outside Europe. FEANI now
brings together engineering associations
from 27 European countries as National
Members. Each has a National Committee for
FEANI with a Secretary-General. -

“— The Eurlng System.:. v
The difficulties of mutual recognition out-

lined above are partly political and partly

technical. Politically, there is sometimes a
reluctance to recognise engineers from other
countries when work is short or when the
level of salaries may be threatened by an in-
flux of foreign talent.

Technically there are genuine concerns in
some countries that the quality of education
received by engineers in other countries may
not equal their own standards. This concern
expresses itself most openly in countries
which have traditionally a longer degree
course of four to six years compared with, say,
the three years in the UK. Bug, as has already
been noted, the UK professional institutions
would claim that the training and experience
element of the CEng qualification compen-
sates adequately for the shorter academic
course. Intensive negotiation to satisfy the
various cornicerns and perceptions among the
professional bodies represented in FEANI re-
sulted in a. formula for registration as a
European ‘Engineer (Eurlng). Briefly, the
standard is a total of seven years after sec-
ondary education, consisting of approved u-
niversity education (minimum three years),
training programme and relevant experience.

Registration gives one the right to be
called European Engineer in the language of
the National Member and to use the desig-
natory letters Eurlng, which is invariable in
all the member countries, subject to nation-
al law. Persons registered as Eurlng must
abide by the FEANI code of professional

-conduct.

— Monitoring of the Eurlng System.:

Each of the FEANI National Committees
has established a National - Monitoring
Committee (NMC) composed of representa-
tives from engineering associations, industry
and education. The NMC is responsible for
checking the qualifications and experience of
individual applicants. The basic philosophy
is that different systems can co-exist, the fo-
cus being .on attained competence. So, for
Eurlng applicants, in addition to checking a-
cademic qualifications, the NMC looks at ap-
propridte engineering experience to com-
plete the seven-year package. »

IDEAS N°6/0CTOBER 1999 9



The NMCs make recommendations on in-
dividual applications to the central
European Monitoring Committee (EMC)
whose task is to maintain a European-wide
standard. It is also the responsibility of each
NMC to keep the EMC well-informed on the
structure of engineering education and the
standard of the individual schools and/or
courses in its own country. There are now
some 24,000 Eurlngs, though the rate of reg-
istration across Europe is far from uniform.

NEGOTIATIONS RESULTING
IN THE "WASHINGTON ACCORD’

Background:

Also in 1987, the present writer convened a
meeting in London of representatives from
countries which had a well-established de-
gree course accreditation system operated by
their professional bodies. In addition to the
UK there were Australia, Canada, Ireland,
New Zealand and the USA. The idea was to
explore whether there could be mutual recog-
nition of each other’s accredited degrees. The
London meeting was followed by one in
Washington where the ideas were fleshed out
— hence the *Washington Accord’ — and the
agreement was finally signed concurrently
with a WFEO meeting in Prague in 1989.

The Character of the Accord:

The Washington Accord falls into the cate-
gory of international agreements mentioned
above in ¢). Any graduate successfully com-
pleting an accredited course in any of the
participating countries would be deemed to
have satisfied the educational standards in
any of the others, but would still have to sat-
isfy any additional requirements for full pro-
fessional status. So, in the UK, for example,
the training and experience provisions
would need to be met and a professional re-
view, with interview, taken. In the USA the
second of the two examinations for the
Professional Engineer (PE) title would have
to ‘be passed. The negotiations at interna-
tional level represent only the surface of the
effort. Each of the delegates has an internal
national audience to convince. In the UK,

10 IDEAS N°6/0OCTOBER 1999

the Engineering Council has to satisfy about
40 professional engineering institutions. A-
BET in the USA has to ensure that the 50
states of the USA would honour such an a-
greement as the Washington Accord, re-
membering that PE is awarded by each State.
Similarly, in Canada there are 12 Provinces.

The Washington Accord is not intended to
operate as a “closed shop”. The door is open
to any other nation to join, provided it can
demonstrate that its course accreditation
procedures are equivalent to those operated
by the existing signatories to the Accord. In
fact, two additional countries, South Africa
and Hong Kong, have recently joined.

Monitoring of the Washington Accord:

The monitoring arrangement is to invite
representatives from all the other participat-
ing countries to join in accreditation meet-
ings and visits, in order to satisfy themselves
of the continuing broad equivalence of grad-
uate standards in each engineering disci-
pline. A secretariat established in one of the
countries (at present Australia) is responsi-
ble for making these arrangements, covering
all the countries.

CURRENT DISCUSSIONS ON EXPAN-
SION OF MUTUAL RECOGNITION

The Eurlng title and the Washington
Accord (WA) represent the present high
point of international recognition agree-
ments: One of their important side effects
has been to instil confidence that such inter-
national agreements are actually workable.
Consequently, a number of organisations
have been looking at-the possibilities of ex-
tending or emulating the two main agree-
ments. These initiatives concern :

a) Agreements covering engineers in the
technologist and technician categories;

b) Agreements similar to Eurlng and WA
in other parts of the world;

¢) Extension of WA to cover entitlement to
full professional recognition; .

d) Wider accreditation possibilities.



A brief survey of these initiatives is given
below, but it is fair to say that none has yet
reached a stage where early agreement and
implementation is to be expected.

Technologists and Technicians:

Many countries have grades of registered
engineers in addition to the senior profes-
sional grade. They have titles such as
Engineering  Technologist, Associate
Engineer or Incorporated Engineer.

A recent audit of the requirements and
procedures across the WA countries, carried
out by WATT, the Washington Accord
working party on Technologists and
Technicians, concluded that ... there ap-
pears to be a broad measure of commonality,
which should give us confidence to recom-
mend that extension of the Accord to cover
Technologists. However, although similar
processes for accreditation appear to be in
place, it is not yet clear that programmes
(courses) being accredited are at an equiva-
lent level.” Within WATT, the discussions
continue. As far as is known, only one agree-
ment at Technologist level exists, and is bi-
lateral between Ireland and the UK. Its pro-
visions are similar to those of the
Washington Accord.

As far as the European scene is concerned,
two alternative routes for the mutual recog-
nition of technologists and technicians are
under consideration. There is an organisa-
tion, EurEta, which already registers
Technologists on a pan-European basis, al-

- beit in small numbers in only a few coun-

tries. The other approach is a proposal to
provide a separate category for Technologists
within the Eurlng procedures. Only time
will tell whether further negotiations will
succeed in either of these approaches.

Draft Agreements in other parts of the world:

a) The Asia Pacific Economic Community
(APEC) has produced a draft paper on the
’APEC Engineer’ which bears similarity to
the Eurlng formula. The 1997 draft requires
a candidate to have a recognised engineering
degree, seven years’ practical experience and

two years in responsible charge of significant
engineering work. The proposed monitoring
arrangements are also similar to the Eurlng
provisions. . v

b) Discussions have taken place within the
North American Free Trade Association
(NAFTA) on the mutual recognition of qual—
ifications.

Extension of the Washington Accord — the EMF:

The Washington Accord provides only for
the mutual recognition of accredited de-
grees. In 1997, discussions began to extend
this to full mutual professional recognition,
under the acronym EMF - Engineers’
Mobility Forum. The basis of proposed
recognition is an accredited degree plus sat-
isfaction of any additional requirements for
the local professional title, plus X years of
professional experience. Discussions are be-
ing conducted on the basis of X = 8 years
and so introduces a new concept of the pro-
fessional title of a host country (type (a)
above) being readily open to those who have
their own professional title plus more pro-
fessional practice. Progress on the EMF is
slow, because it is not yet clear how far the
professional organisations in the participat-
ing countries will be prepared to waive their
own requirements. The existing position is
only that they will ’streamline’ their proce-
dures for such candidates.

Wider Accreditation Possibilities:

Representatives of a number of countries,
including Mexico and Japan, have indicated
an interest in joining the Washington
Accord. To do so they will need to develop
robust systems of engineering degree course
accreditation and fulfil the standards set. It is
likely that, over the next few years, the mem-
ber countries of the WA will increase from
the present eight to about a dozen.

In Europe there are a number of organisa-
tions active in engineering education who are
interested in accreditation systems, with a
view to possibly extending mutual recognition
agreements. These organisations include:

- SEFI - the European Society for

Engineering Education, which has 242
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Higher Education Institutions among its
membership. It aims to contribute to the
development of engineering education and
improve the position of engineerinig pro-
fessionals; -

— CESAER - Conference of European Schools
for Advanced Engineering Launch — a con-
sortium of approximately 45 leading re-
search based universities across Europe;

— BEST - The Board of European Students
in Technology;

— H3E - Higher Engineering Education for
Europe, which is a European' Economic
Interest Grouping (EEIG) formed in 1996
by SEFI, CESAER and BEST. It is sup-
ported by a European Community SOCRA-
TES grant.

Working Group 2 of H3E has established
EWAEP, the ”European Workshop on
Accreditation of Engineering Programmes”
which, in 1998, convened international
meetings in Holland, UK and France. The
present position is that EWAEP believes that
the development of a single pan-European
system of course accreditation is probably
impractical. However, there is a need for
‘networking’ of Qualification/Accreditation
bodies for exchange of information and
views and the development of common prac-
tices. There is also a need for an agreed list of
?qualification profiles” required. of all profes-
sional engineers to become the basis of an a-
greed list of formal qualifications, fac111tat—
ing mutual recognition.

THE EMPLOYER’S PERSPECTIVE -

It is not unusual for employers of engi-
neers to state that they are 'not interested in
qualifications, only in what a person can do’.

12 IDEAS N°6/OCTOBER 1999

But of course a reputable qualification
should indeed reflect what a person can do.

Such employers’ statements may mask
questions of salary and status, but to be fair
we —~ and other professions — sometimes pre-
sent-employers with a multiplicity of qualifi-
cations which are difficult to assess and in-
ter-relate. Any simplification by way of in-
ternational agreements of equivalence and
convergence of titles will benefit employers
as well as the engineering profession. There
are already some signs that employers wel-
come the Eurlng qualification. For one
thing, it will enable them to advertise for
staff with a single qualification throughout
Europe. At present, mention of any one of
the national titles appears to exclude all
those from other countries. In time it will be
as natural for engineers to move from
London to Madrid or from Paris to Rome as
easily as they do from New York to Chicago.
This new mobility will enhance individual
prospects and promote engineering develop-
ment across the whole of Europe. From a
perspective outside Europe the Eurlng title
can represent a dramatic simplification of
what is perceived. From the USA for exam-
ple, Europe has a confusing array of national
titles. The simplification represented by a s-
ingle title must be to the advantage of indi-
vidual European engineers and European in-
dustry generally.

If the profession shows itself to be united
and dedicated to continuing improvement,
employers’ attitudes towards titles will grad-

_ ually change. Nevertheless, it has always to

be stressed that this will happen not because
of the titles themselves but because of the
underlying excellence of thé education and
training the tltles represent



GLOBAL PERSPECTIVES

Argentina

The Ghallenge of the Knowledge Society to the
Permanent Updating of Engineering Teachers

Prof. Miguel Angel Yadarola

Consulting Professor — National University of Cordoba, Argentina
Plenary Professor — Belgrano University of Buenos Aires, Argentina
Past President, WFEO Committee on Education and Training

WHY WORRY

Why worry about the ways in which teach-
ers and the rest of the educational siaff of the
Engineering Faculties, develop their knowl-
edge, understanding, skills and techniques
during the course of their careers?

The quality of the staff of the Institutions
of Higher Education is, perhaps, the most
critical factor for the improvement of the ef-
fectiveness of the services that these institu-
tions- must render to the public on the
threshold of the Third Millenium.

Ambitious educational outcomes, as well
as practical abilities and skills, capacity of re-
sponsible innovation and a humanistic and
socio-economic vision of science, technology
and environment are sought for those stu-
dents of today that will soon become engi-
neers working in a new and complex
Knowledge Society. They will demand
teachers familiarised with strategies for
matching teaching and assessment methods,
with learning goals, more concerned about
the quality of education offered by an
Institution than about their participation in
research and frequent publications.

WFEO'S WORRY

The World Federation of Engineering
Organisations, WFEQ, through its Standing
Committee on Education and Training has
shown its committment with the development
of human resources, well trained and motivat-
ed for teaching in Engineering Schools, sum-
moning in September 1991 in Havanna, Cuba,
its Second World Congress on the subject
“Formation of Engineering Professors to face
the challenges of the XXI* Century”.

The Conclusions and Recommendations
of the Second Congress (I) that are repro-
duced in the Appendix to this document
have not lost current importance and should
serve as a guide to promote actions aimed at
strengthening the initial training of engi-
neering professors and their continuing pro-
fessional development (CPD) in the academ-
ic teaching profession.

THE MYTHS OF EDUCATIONAL
" EXCELLENCE

The last years of the 20" Century are wit-
nesses of the great alterations in the behav-
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iour of society at a world level, influenced by
changes in politics and the economy brought
about by globalization. This process is not
just the result of the collapse of commercial
frontiers, or of the growth of industrial pro-
duction tied to patterns of quality to satisfy
consumers, nor does it represent the trénd to

concentrate capitals to optimize results, thus °

1ncreas1ng economlc beneﬁts

Globahzatlon is a consequence of science
and technology efficiently administrated by
engineering, whose undoubted protagonism
in the creation of a cybernetic culture is
throwing down intellectual frontiers to make
possible access to knowledge and the cre-
ation of common bases, aimed at making the
most of human and material résources; at
reincorporating man as a person within the
productive system offering him the prospect
of a better life quality and fundamentally, to
create the conditions for a better under-
standing between different cultures.

Many universities in developing countries,
used to slow changes, have not yet assimilat-
ed the consequences of these transformations
and this is particularly so in the case of
Schools of Engineering because they are tied
down to curricular designs and obsolete aca-
demic organizations built to satisfy rigid
processes of teaching- learnmg

The reality today is that the university
faces the permanent challenge of not being
displaced in its mission to search for new
knowledge and new ways of transmitting it
within a totally different communication en-
vironment and with very different technolo-
gies to-those that characterize their present
formation system. A key element in th1s are
the engmeerlng professors ‘

Ma1nta1n1ng a teachmg staff of excellence,
is not achieved only by exalting with priori-
ty the academic and professional capability
of a professor, placmg erroneously’ at’ the
highest level of consideration their scientific
formation, verified through master and doc-
tor ‘degrees, and résearch work, because they
do not guarantee the necessary deep knowl-
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edge of the engineering method. Making a

myth out of exclusive dedication in his job,
to comply with which the professor must
render a large part of his time to research in
irrelevant or obsolete matters and to publica-
tions that only serve to enrichen his academ-

_ie background Many of these professors can

demonsirate’ a deep specific 'knowledge in

- the area or subject in-their charge, capability

to transmit knowledge with' conceptual celer-

ity and skill in the use of new didactic re-

sources. There are teachers that, showing
these characteristics, may remain teaching
engineering for life in a Universitym because
the mechanisms for staff development in
many countries are "being limited solely to
the period spent achieving a doctorate out-
side their country, but they ignore all the lat-
er stages of CPD in teaching” (2).

What this affirmation intends to discuss, is
not only the didactic abilities and attitudes of
engineering professors, but their competence
to generate in students, from the very first
years of their careers, professional skills that
will develop the profile of the future engineer.

FAILURES'IN THE FORMATION
OF ENGINEERS

1. The erroneous construction of the ¢ur-
ricular contents in -some schools "of
Engineering, and " particularly in many
Developing Countries, is responsible for the
formation of incompleté engineers.” They
have saturated the first years of their careers
with a heap of abstract sciences- that has re-
tatded and someétimes inhibited, the growth
of their professional personality, convincing
them, that the scientific method is the basis
of the creativity the'future engineer must dis-
play, letting them find out only at the end of
their studies, that the engineering method is
the only course that will-allow the birth and
use of creativity and cdpability of innovation
necessary for an engineer to'make true, with
originality, the project, the construction and
operation of-a work, a system, an industry or
a cotnponent; giving the entire work an mte-
grating and multidisciplinary vision.



2. Schools of ‘Engineering fail to comply
with their function of forming engineers
when they leave in the hands of Doctors or
Professors of Sciences, the development of
programs of Mathematics and Physics: the
Basic Sciences along with Chemistry and
lately, Biology. They wrongly believe that
without a previous strong scientific basis, it
is not possible to learn engineering, when
what is necessary, is to dose scientific knowl-
edge and especially Mathematics, along the
entire career (math, just in time).

Complementing this ambiguous concept
Institutions fail when they do not consider or
forget that Basic Sciences should be taught
clearly oriented towards engineering, stimu-
lating a professional attitude by means of lay-
ing out and solving problems and developing
practical experiences. Therefore it is conve-
nient to include in the teaching staff for Basic
Sciences, professional engineers, competent, ca-
pable and updated academically and pedagogical-
ly, to cooperate in the task.

3. Schools of Engineering fail when they
prepare their curricula oriented specifically
towards a discipline, emphasizing specializa-
tion, teaching methods and technologies that
for sure will be obsolete in a few years.
Formation of engineers should be integral if
we wish an engineer to continue to play a
protagonic role in society, leading the rapid
changes that will occur more and more
rapidly. .

We must emphasize then, the need to form
generalized engineers, capable of under-
standing and interacting with different cul-
tures, of mobilizing and conducting human
resources and interdisciplinary groups, of ex-
pressing themselves fluidly in their own lan-
guage and in another European language
both in writing and orally and in public,
trained to take decisions and take on respon-
sibilities, to convincingly defend their ideas
and proposals, to. identify themselves with
the policies, aims, objectives and ways of
work in the structure of modern enterprises
together with a capability of management.
The development of these and other profes-

sional qualifications cannot be confined to
certain curricular contents and isolated prac-
tices. They form part of the humanistic, so-
cial and political-economic formation of an
engineer and should be developed within a
concept of synthesis, as the students own
construction, ellaborated on the basis of life
experiences that the professors should be able to
motivate.

Professors and the educational methodolo-
gy that they use to transmit technical knowl-
edge, integrated to a cultural basis, are key
elements, not frequent in Engineering
Schools. Nevertheless, it is possible to find
many programmes with an adequate balance
of subjects for humanistic and socio-eco-
nomic formation, but most of this knowledge
is taught in an isolated manner, split in sub-
jects that the student undervalues because
they do not show their intimate connection
with engineering knowledge and with the
ethical and economic impact that engineer-
ing works have on society and the environ-
ment.

A professor, each professor of engineering,
should be a guide orienting the learning
process aimed at the practice of all those atti-
tudes that lead towards the formation of the
professional personality of the future engi-
neer. The idea is that every professor should be
a cultured person, an engineer with experience
that has known how to capitalize experiences and
is able to transmit them with an integral vision of
culture, technology, science and the environment.
A man committed to the sustainable devel-
opment of his country and the world.

THE PERFORMANCE OF
ENGINEERING PROFESSORS

Quality in education becomes a reality
when relative quantitative learning is
achieved, the efficiency, efficacy and suffi-
ciency of which can be measured by means of
the professor's daily self control.

Creative learning is fundamental, especially
in Engineering Schools, if it is the fruit of a
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construction performed by the student him-
self, incentivated and stimulated by the pro-
fessor in his role of guide.

The verification the professor may carry
out through evaluations, allows him to mea-
sure what the student has learnt, thus be-
coming a valuable feedback action of the
teaching-learning process. Furthermore,
making use of the modern concepts of psy-
chopedagogy, the professor may be learner and
teacher at the same time, as long as he is willing
to analyse in the students the results of learn-
ing as a manner of judging himself, of know-
ing his own cognitive processes that allow
him to reflect on his capabilities and limita-
tions, in order to anticipate certain mental
operations and plan intellectual actitivites in
face of new experiences of learning
(Metacognitive knowledge) (3).

”Questionnaires are the appropriate way to
obtain feedback and allow both teachers and
students to acquire better insights into the
teaching/learning process. For example,
they may need to be aware (a) of the differ-
ence between factual knowledge, skills, un-
derstanding, know-how and attitudes and
values, (b) of how these kinds of learning can
best be taught and (¢) of students different
preferred learning styles (such -as “holist”
versus “serialist” students; visualisers versus
verbalisers versus doers, etc.). Even then,
helpful feedback from questionnaires is only
to be expected if the course aims have been
clearly specified in terms not only of subject
matter and level but also in terms of the
above kinds of learning. (4).

It is a challenge and an opportunity for all
our Schools of Engineering to generate exper-
tise and behaviours as those described, in the
work of the professors, as part of the devel-
opment of a continuous process of improve-
ment of quality and a real cultural transfor-
mation of the educational staff having in
mind today's increasing number of people
and organisations that are questioning the
ways to evaluate the effectiveness of their
performance. Institutions must resist the
temptation to continue presenting as stereo-
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types, certain professors that are really
learned in their subjects, undisputed author-
ities in knowledge, and some times respected
by the international community, but inca-
pable of really helping their students to
learn. They still believe that teaching is
transmitting knowledge, airing their wis-
dom, instead of worrying about what the stu-
dents may have learnt; ignoring the danger of
having passive students, fearful of making
questions or giving opinions, and therefore
non-critical and non-creative. Furthermore,
the exclusive concentration of his classes on
themes of the subject, inhibits many possi-
bilities of transmitting engineering experi-
ences.

'

THE ROADS TO ACADEMIC
IMPROVEMENT

Educational systems have progressed as re-
gards methodologies for curricular design
and the evaluation of students, but has not e-
volved at the pace of other human activities
in the processes of training and formation of
professors, leaving in their hands the respon-
sibility of acquiring knowledge of pedagogy

- and didactic resources that make interaction

with students easier.

Formation, improvement and continuous
development of the teaching staff of Schools
of Engineering should be stimulated and mon-
itored permanently by the Universities, with
the support of the Government and Regional
and International Institutions that promote
progress in education and culture. It repre-
sents an essential investment for the future of
not only the educational institutions but also
of each country, given the evidence of the
growing value of knowledge as a factor of de-
velopment of the nations.

Each country, in cooperation with Interna-
tional Organizations must establish or
strengthen “clear policies concerning higher
education teachers, with provisions. for up-
dating and improving their pedagogical skills,
with stimulus for constant innovation in cur-
riculum, teaching and learning methods, and



with an appropriate professional and finan-
cial status for excellence in teaching”, in
keeping with the provisions of the
Recommendations concerning the Status of
Higher Education Teaching Personnel ap-
proved by the General Conference of UN-
ESCO in November 1997. (5)

With fast technological changes engineering
professors will need to assume not only the
commitment of keeping themselves periodi-
cally updated to progress in the field of their
knowledge, but to be aware of the new
technogical developments that will allow them
to be prepared to change tasks and interests
and achieve satisfaction in their work. (6)

THE CHALLENGE OF THE
PERMANENT UPDATING OF ENGI-
NEERING TEACHERS

In considering any strategy for the devel-
opment of human resources, the Schools of
Engineering must place in a relevant posi-
tion the permanent updating of their teach-
ers and also of all the rest of the staff; ad-
ministrative and support personnel, well
trained, working as partners of the professors
they can play crucial roles in helping stu-
dents to learn, creating an environment that
favours learning.

The importance attached to the adminis-
trative and support personnel should not be
a reason for the Institutions, many of which
are organised regarding the person who
teaches, to give way to a dangerous culture,
centered on the person who administrates,
on bureaucratic structures and management
characteristics, intended to compare the
Institution to a large industrial production
enterprise. (7)

The establishment of strategies for the
continuing development of all the staff in the
Institution can help to clear up the way of
misconceptions and distorsions and will mo-
bilize all the human resources capacity of our
Schools of Engmeermg to be fully and effec-
tively utilised.

But strategies alone are not enough. It is
necessary fo create both in professors and in
the administrative and support personnel,
the awareness of the need for continuing de-
velopment.

Organizing Staff Development Units (SDU)
has demonstrated that often training courses
for teachers are undersuscribed, due to a lack
of institutional policies and personal motiva-
tions of the various participants. It is time to
question why. What barriers obstruct the ac-
ceptance of the need of such training? Is it
perhaps that the traditional culture of institu-
tions is resistant to changes? Is it because of
the shortage of financial resources? Could it
be that the academic's prime loyalty to a disci-
pline, has prevented the teacher from wanting
to improve how to teach? (2) Should these
courses be mandatory for those teachers that
are willing to receive periodical confirmation
of their academic post?

If the goal is to achieve a state of ”system-
atic professionalism” for all the teaching
staff, the key question becomes: Should the
Sfinancial burden be supplied by the govern-
ment, the institution or the individual?

At public supported universities, where
quality of teaching is part of a national poli-
cy for the excellence of engineering educa-
tion, the answer is obvious; but the increas-
ing number of private institutions stimu-
lates the search for other sources of funds or
ways to achieve eﬁ‘ectwe staff development stra-
tegies. (2)

SOME RECOMMENDED
STRATEGIES

To the Schools of Engineering:

— To prepare a staff development plan that
includes. the managerial level and the ad-
ministrative and support personnel, defin-
ing standards for each role, category or

- function.

— To link the institutional policies related to

selection, promotion, confirmation and
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award of tenure, to the achievement of staff
development targets.

— To assure through the Dean or Head of the
Institution, firm backing and support to
staff development ensuring adequate fund-
ing.

— To establish a central Staff Development
Unit entrusted to define staff development
policies, provide a programme of courses
and workshops and report to the
Governing Body on overall performance.

— To seek, create and foster a culture of par-
ticipation in staff development activities.

— To delegate responsibility for promoting
staff development on the Heads of
Departments allowing them to help mem-
bers of their staff to show the best perfor-
mance and effectiveness.

— To promote the development of staff per-
formance indicators and professional stan-
dards to serve as a comparative basis for
good practice.

— To involve trade union bodies to facilitate
more staff development initiatives.

— To implement distance learning courses
and activities for staff development.

— To determine what core competences are
needed by a member of the teaching staff at
its entry in the School of Engineering and
during his career.

To the Governments and National funding
agencies:

— To promote and support the creation and
organisation of Staff Development Units
in all the Schools of Engineering of the
country.

— To foster the cooperation between Univer-
sities of the country and from abroad for
the establishment or strengthening of an
International Network of Unites for Staff
Development.

- To encourage national associations of engi-
neering educators able to sponsor pro-
grammes of staff development with the
support of industries, services enterprises
and the professors of the Schools.

— To back national organisations of engi-
neering Deans/Vicechancelors/Rectors to
support university units and act as a forum
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for the discussion of staff development
policies and mechanisms of cooperation.

— To fund innovations in staff development.
To International Agencies:

— To support an International Staff
Development Network.

— To run workshops for national policy mak-
ers in higher -engineering education, en-
couraging institutional staff development.

— To support surveys of good practice and
disseminate their results through net-
works.

— To promote joint projects between Staff
Development Units.

— To help the staff in Developing Countries
to maintain professional competence by
funding participations in congresses, con-

. ferences and seminars.

— To fund a UNESCO chair in staff develop-
ment for Schools of Engineering. o

- To organise workshops on specialized top-
ics, using international experts.

Undoubtedly, the task of preparing young
engineers to live in the next millenium will
demand that teachers broaden their profes-
sional role and responsbilities towards the
institutions and the society. . Let us give
teachers adequate opportunities to render the
best of their capacities by being lifelong
learners through professional development.

Cordoba, Fune 1999.
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SUMMARY: The 1998 Global Congress on Engineering Education was organized around
several major themes: effective teaching methods, curriculum design and evaluation, liberal
education for engineers, use of new technologies in engineering education, current issues and
trends in engineering education, international collaborations, education for sustainable de-
velopment, exchange mechanisms in engineering education, academic/industry collabora-
_tioms, international mobility, linkages between developed and developing countries, and
management of academic and engineering institutions. This paper attempts to summarize
the major themes and discussions at the Congress, as well as presenting recommendations
from the assembled international group of engineering educators.

KEYWORDS: Engineering Education — Conference Outcomes — Curriculum —
International Exchanges — New Teaching Technologies

INTRODUCTION

The Global Congress on Engineering
Education, sponsored by the UNESCO
International Centre for Engineering
Education, was held from 6-11 September
1998 at Cracow, Poland. Some 140 papers
from authors in 40 countries were presented,
with lively discussion from the 150 Congress
participants ensuing. A preprint volume
published by the UNESCO International
Centre for Engineering Education was dis-
tributed at the beginning of the Congress,
and each paper was summarized by its au-
thor(s) to stimulate discussion, at breakout
sessions during the Congress. On the final
day of the Congress, plenary sessions involv-
ing all participants were conducted to allow
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general discussion of the conference topics,
and to pull together a summary statement
and recommendations. This paper attempts
to capture the essence of those summary ple-
nary sessions, and thus the essence of the
Global Congress. In the judgement of the au-
thor, it provides a valuable snapshot of the
status of engineering education in the World
at this time.

GLOBAL CONGRESS DISCUSSIONS

Effective Teaching Methods — Several papers
presented at the Global Congress stressed the
need for ongoing innovation in teaching and
learning methodologies in engineering edu-
cation. It was noted in discussion that there



needs to be variety and balance in teaching
methods, and that technologies appropriate
to the subject matter should be utilized.
Laboratory development was stressed as a
very important component of engineering e-
ducation, and the integration of lectures with
laboratory experiences and project-work was
identified as an ideal scenario.

From the observation of faculty members
who use high technology instruction aids, it
was noted that engineering students favor
convenience (e.g. access to lectures on video,
assignments on a Web site) higher than-sub-
stance of content or quality of presentation.
It was noted: that many engineering faculty
members still use yellow chalk on green

“boards, and that they needed to be motivated
to move to more current presentauon tech-
nologies. -

- Curriculum Design and Evaluation — Project

- centered learning was identified. in several
Congress papers as a highly effective way to
develop problem solving and teamwork
skills in engineering students. It was noted
that engineering curricula should focus on
developing these types of skills, recognizing
that it is-not possible to cram all the knowl-
edge that a graduate will need over his-or her
career in‘to four years.of courses.

The preparanon of engineers for interna-
tional practice is a prime consideration in to-
day’s global environment. Increasingly, en-
gineers will work across national boundaries.

Graduates must understand the cultures,

“traditions, and languages of countries where
they will work, or where their designs or
products will be utilized: It was -also noted
that engineering‘ education in a given coun-

" tfy or region must reﬂect and respond to: Io-
cal condltlons

The amount of practice orientation in the
curriculum was explored by Congress partic-
ipants, with wide differences of opinion on

- the desirable amount. It became clear that
engineering programs in a‘particular country
needed to provide graduates attuned to the
current and future needs of their local e-

conomies, so that there would generally be
s1gn1ﬁcant differences in the amount of prac-
tice orientation that was deemed appropriate
by the local faculty.

One basic set of skills that must be devel-
oped in engineering students is critical
thinking and problem solving. These skills
cannot be taught in any given course, but

“must be developed through a series of expe-

riences throughout the undergraduate cur-
riculum. The undergraduate curriculum
must thus be coordinated between the facul-
ty members involved, and cannot simply be a
series of stand-alone courses. -

Congress participants from developed
countries noted a trend toward outcomes as-
sessment as the preferred method for/evalu-
ating engineering programs, rather than the
detailed technique specification of curricu-
lum by accreditation or government bodies
which-has been more typical in the past. An
outcomes assessment approach tends to more
heavily involve industrial employers and
technical societies in the evaluation process
— seen as-a healthy development by. the
Congress participants.

Liberal Education for Engineers — It was ag-
reed that a liberal arts' component for engi-
neering students is appropriate and valuable,

- to broaden their horizons as they prepare for

practice in today’s complex world. One ele-
ment in that liberal arts component that was
seen as particularly valuable for engineering
students — the history and herltage of tech-
nology

Communication skills were also identified

as a key outcome of engineering education

desired by employers. Human interaction
skills, key to tearnwork and management of
projects, were also seen as key outcomes de-
51red from englneermg education.

- Use of New Technologtes - Computer alded
instruction is well established in many of the
engineering schools represented at the

‘Congress. Given the currently available tech-
nologies, simulation and virtual reality: are
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particularly valuable tools for engineering e-
ducation. It was noted, however, that there
must be a balance between simulation and
hands-on experience with real world ele-
ments. Engineering students should also be
appropriately exposed to computer aided en-
gineering, of the type that they will utilize
when out in practice after graduation.

It was stressed in discussion, however, that
computer learning should not attempt to re-
place valuable student interactions in the
classroom — with faculty and with other stu-
dents. Multiple pathways to learning are
needed, and can complement one another in
a flexible learning environment.

The Internet and the World Wide Web pro-
vide opportunities for engineering students to
glean experiences from beyond their own
campuses. Even on a given campus, Web
pages provided by individual faculty mem-
bers are useful in providing assignments,
readings, etc.

Distance education is typical today for
much continuing education for practicing
engineers, and engineering students must be
prepared to utilize it effectively. Thus some
course components should be provided to
engineering students via video or the
Internet, so that they become comfortable
with such delivery methods while still in a
supportive campus environment.

Current Issues and Trends — In order to keep
the motivation of students high during the
early years of engineering education many
schools are now moving engineering courses,
such as introductory design exposure, into
the first or second year of their programs.
Design project laboratories in the Freshman
year not only give engineering students a
glimpse of what their upper division courses
will involve, but also provide a rationale for
the detailed study of mathematics and sci-
ence that are typical in the lower division
years. '

Concluding that it is not possible to cram
a]l the knowledge that an engineer will need
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throughout his or her career into a four year
curriculum, engineering faculties are provid-
ing flexibility and diverse paths for individ-
ual students ~ while making sure that the
fundamentals such as analytical problem
solving , critical thinking and design
methodology are included.

Recognizing that many of today’s engi-
neering students will choose to start their
own businesses at some point in their ca-
reers, some engineering education programs
are stimulating entreprenaurship and com-
mercialism in the minds of their students
— and providing course or project opportuni-
ties to learn basic business skills.

‘International Collaborations. - Improvement
of academic programs in engineering can of-
ten be effected by collaborations at the inter-
national level — particularly in developing
countries. Both collaborations between de-
veloped and developing country engineering
schools, and between engineering schools in
similar developing countries, can be effec-
tive. :

Collaboration across national border need
not be limited to institutional and faculty ex-
changes, but can also be valuable at the stu-
dent level. Electronic communications can
currently readily facilitate interaction be-
tween students across international bound-
aries, for information exchange and joint
project work.

Congress participants felt that a standard
global curriculum for engineering education
was neither desirable nor possible to effect.
Among other things, the curricular approach
used in a particular country needs to be
tuned to local needs. It was suggested that
curricular ideas and trends from various
countries could be shared broadly through-
out the international engineering education
community via the World Wide Web.

Congress participants expressed the need
for mutual recognition of engineering gradu-
ates across international borders, so that they
can readily practice in the increasingly glob-



al technical marketplace. To achieve such
recognition, development of some form of
global accreditation, tied to engineering soci-
eties, may be appropriate. Any such interna-
tional accreditation would have to be quite
flexible in its criteria and their application,
and likely should be based on outcomes as-
sessment rather than quantitative specifica-
tions for the curricula.

Education for Sustainable Development Social
Impacts of Engineering — Engineering educa-
tors and the programs they provide to their
students must be geared to enhancing the en-
vironmental sensitivity of their students.
Design methodologies incorporating the
principles of sustainable development must
be utilized throughout the education of engi-
neers.

Standards for environmental protection,
such as ISO 14000, should be highlighted
during the formative period of engineers, so
that their use becomes a natural part of the
later practice of the engineer after gradua-
tion.

Engineering students must be taught to
predict the societal impacts of their designs,
and to modify those that would have unde-
sirable impacts. It was recommended by the
participants in the Congress that engineer-
ing students should have the experience of
working’ with students from other disci-
plines — such as business, law, social science,
architecture, etc. — on joint projects, in order
to get a broader perspective of how their
technology interacts with society.

Engineering schools must take the respon-
sibility of preparing students for available
and appropriate jobs and career paths, so that
there will be an appropriate and rewarding
role for them in society when they are ready
to graduate and start on their careers.

Exchange Mechanisms in Education — While
in the context of a major Global Congress on
Engineering Education, participants in
Cracow discussed the role of such confer-
ences in promulgating good ideas for the en-

hancement of engineering education. One
positive aspect of such face-to-face confer-
ences is the making of personal connections,
which allows follow-up interactions and per-
haps long term relationships. It was ob-
served, however, that such conferences are
overly expensive for many engineering edu-
cators who would benefit from the type of
presentations and discussions that occur
- such ‘as younger faculty members, and
those from poorer countries.

It was suggested that future conferences on
engineering education should have a large
electronic component, allowing younger and
less well off faculty members to benefit from
presentations and discussions from close to
their home bases. It was felt, however, that
some core of participants should meet face-
to-face to provide focus and interaction to
such an electronic conference. It was also
suggested that a series of smaller conferences
— perhaps regional in scope — should be held
to shape and provide input to each major in-
ternational conference on engineering edu-
cation.

The output publications of international
engineering education are critical in provid-
ing information and stimulation to educators
who cannot participate in person. The par-
ticipants in this Congress recommended that
the output from such conferences should be
made available in both printed hard copy
and via the World Wide Web. The latter
should make the material available more
broadly, and at more reasonable cost, to
those in developing countries.

Academic/Industry Collaboration — Enginee-
ring schools must interact and collaborate
with the industries they serve, for mutual
benefit. Only through such interactions can
the engineering education provided be as-
sured to be relevant to the current market
place. Students benefit greatly from practical
experience gained during summer or co-op
period jobs in industry — both in terms of
making the remainder of their educational
programs more meaningful, and in terms of
gaining practical knowledge which will be
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valuable in full time employment after grad-
uation. Engineering education faculty. and
administrators, and the programs that they
offer, benefit greatly for guidance given by
industry advisory groups. Industry also often
provides direct support to engineering
schools, through funded research projects, e-
quipment grants, sabbatical opportunities
for faculty, etc.

International Mobility — Engineering school
graduates can benefit greatly from studying
abroad for a portion of their educational
programs. Formal exchange programs, such
as the Tempus program in Europe, go far in
preparing engineering students to eventual-
ly practice across international borders.
Universities: should prepare students for
study abroad, and eventual practice interna-
tionally, by encouraging appropriate study
of foreign languages and cultures — and by
providing sufficient flexibility in the engi-
neering curriculum to allow an academic
term or more to be spent at a school in an-
other country.

Ready international mobility of graduate
engineers in practice is often a problem, par-
ticularly for those who offer their services di-
rectly to the public and thus typically require
formal licensure in a jurisdiction in which
they want to practice. Engineering educators
must work with practitioners and licensing
bodies to establish equivalency mechanisms
for education, experience, and other licens-
ing requirements.

Linkages Berween Developing and Developed
Countries — The UNECSO International Cen-
ter for Engineering Education (UICEE),
which organized this Global Congress, is one
major effective mechanism for developing
linkages between engineering education in
developing and - developed = countries.
Conferences, publications, short courses,
Web based information, etc., provide link-
ages at UICEE and other such organizations.

" Computer and communication based tech-
nologies are increasingly facilitating- inter-
changes between engineering: educators at
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the. international level. Satellite delivered
video courses, e-mail interchanges, Web
based data bases, etc.; have broken down pre-
vious feelings of isolation on the part of en-
gineering educators in developing countries.

Management of Academic Institutions — Seve-
ral papers at the Congress described effective
practices for the management of engineering
schools and the universities within which
they exist. Quality control of educational
programs, through such mechanisms as ac-
creditation and the application of total qual-
ity management systems, was seen as a high
priority. The effective management of work-
loads for faculty, and the appropriate alloca-
tion of funding and other resources, were
seen as essential to smooth and effective op-
eration of schools.

The problem of how to deal with aging, te-
nured faculty members was addressed in pa-
pers presented at the Congress. Early retire-
ment incentives, retraining through continu-
ing education, vitalization through research
involvement, etc., are possible ways of ad-
dressing the problem.

Papers and discussion at the Congress also
addressed the issue of how to best utilize
feedback on the educational experience from
students, graduates, and employers. Formal
outcomes assessment methodologies can be
one effective way to utilize such feedback for
the continuous improvement of engineering
education programs.

CONCLUSIONS
AND RECOMMENDATIONS

Recommendations from the Congress in-
cluded:-

— A near future international conference on
engineering education should contain a
comprehensive coverage of the results of
major educational programs currently revi-
talizing this field in several countries, such
as the Coalitions Program. of the National
.Science Foundation in the USA.



— Faculty in engineering schools need moti-
vation and incentives to make greater uti-
lization of new high technology teachmg-
learning methodologies.

— An international quality control system for
engineering education is needed, perhaps
based on the accreditation programs which

utilize flexible criteria and ‘outcomes as-

sessment that are currently evolving in
several countries.

— A continuing education system for faculty
that can assist developing countries in
keeping their engineering education pro-
grams current should be developed and up-
dated regularly, perhaps by the UNESCO
International Centre for Engineering Edu-

cation. A near future Congress of the type
held here in 1998 should be conducted elec-
tronically (satellite video, Internet discus-

- siom, etc) to allow broader involvement of
engineering faculty participants, particu-
larly younger faculty and those in develop-

_ing countries. The year 2000 was suggested
as.a target date.

NOTE: For a more complete version of this
paper, see Proceedings of the 2nd UICEE
Annual Conference on Engineering Education,
Edited by Zenon J. Pudlowski and Duyen Q.
Nguyen, Auckland, New Zealand, 10-13 Febru-
ary, 1999, p 59-63.
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- Germany

Engineering Education for a Global Society

Dr. Kruno Hernaut
Stemens AG, Germany

SUMMARY: The globalization is the greatest challenge on the way in the next century. In
order to remain successful, companies need highly qualified engineering graduates, who,
in addition to excellent professional qualifications, are also familiar with other cultures.
This preparation includes foreign languages competency and a knowledge of the culture of
other countries. Engineers in a global society must be ready to live and work in another
country, i.e. have personal mobility. The universities are faced with the growing need in
promoting such students’ abilities and to establish more compatibility and mutual recog-

nition.

KEYWORDS: Engineering Education — Globalization — Global Society

INTRODUCTION

In recent decades and particularly in the
last few years, mankind has made great
progress in achieving worldwide cooperation
in many areas of politics, economics, and cul-
ture. The greatest accomplishment of the
closing 20th century will be to build a strong
promising basis for establishing a global so-
ciety in coming years.

Although this society has different roots, it
will have common goals and be willing to
share global resources and contribute to the
well-being of all people. Creating this society
is both an enormous challenge and an un-
precedented opportunity for researchers, sci-
entists and engineers to start working on so-
lutions for the future. With this in mind, we
must ask what academic engineering educa-
tion can contribute, and how global research
cooperation can be optimized to meet these
objectives.
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GLOBALIZATION:
THE BIG CHALLENGE -

The biggest challenge facing companies,
the economy, and ultimately all of society, is
globalization. For our company, it means se-
curing our worldwide competitiveness in the
global market.

Globalization — an open world market for
capital, goods, services, and ideas — is reality
today. And it is also reality in market seg-
ments, some countries haven’t recognized as
such, like the education market. We will be
able to master the challenges of globalization
only if we are prepared to question old struc-
tures, put the proven on the testing stand,
and give new ideas a chance.

On the basis of our wide range of contacts
with universities in different regions of the

world, we can confirm that many of them

have outstanding engineering programs. Yet



these programs or products are all too often
oriented exclusively to specific national re-
quirements. Their products are hard to mar-
ket in the international arena.

In the age of globalization, international-
ized engineering education is coming to the

fore. An open, global society needs an open .

and flowing exchange among regions. And
industry increasingly needs employees with
international orientation and stronger ties to
diverse cultures. To meet these demands, stu-
dents should have more opportunities to
complete a phase of their studies abroad. This
would give them valuable experience in other
cultures during education.

The major requisites for developing a truly
global society go beyond political actions,
and include: '

— eliminating barriers to promote the free
exchange of goods, capital, services, ideas,
and people;

— developing routes for both physical and
virtual mobility; ’

— preparing and qualifying people to handle
global challenges and use every new re-
source available. :

These requirements have been met to a de-
gree that makes global trade both possible and
advantageous. The critical point has been
passed; there is no turning back. The trends
are clear. Yet success will ultimately depend
on whether we can adequately prepare people
for the challenges of globalization.

ENGINEERS IN A GLOBAL SOCIETY

World-wide, our company employs more
than 400,000 people in all countries of the
world. Today, less than the half of the work-
force is located in Germany. This relation re-
flects the way our business is shifting.
Roughly two third of 120 billion marks in
sales is now generated.abroad. And this trend
will continue in the future, as our. markets
relentlessly globalize. At the same time, an-
other significant change is occurring in our
employee structure. In 1970, engineers and

scientists made up about 10 percents of our
German workforce. This number has now
climbed to over 30 percent. World-wide,
Siemens has around 120,000 engineers and
scientists. Within the next few years, we pro-
ject they will comprise about two third of our
total workforce. In simple terms: every third
Siemens employee will be an engineer or sci-
entist with a university degree at Bachelor’s,
Master’s or PhD level.

What challenges will engineers be facing
in the future? And what will universities and
engineering schools have to deal with in
coming years? '

In answering these questions, let me sketch
my vision of the future. So, let me take you in
my time-machine to a trip, say in the year
2005.

* VISION 2005

A high level of engineering competence is
crucially important in a global society. Yet
competence has a new definition these days.
While knowledge of facts stood in the fore-
ground in the past, today’s needs center on
competence in methods and solutions. Facts .
are something you access.in worldwide data-
bases. Universities and engineering schools
know this. And their programs reflect this.
We can be assured that young engineering
graduates are highly qualified, wherever they
studied. Their qualification embraces a solid
knowledge base, an appropriate skill base, a
technology base, sound interdisciplinary
competence, and personal skills:

Engineers and scientists see themselves as
an integral part of a global society. At the
same time, they are also totally embedded in
their local environment. The slogan ”think
global, act local” is part of their philosophy
of life.. They have the will — and ability — to
work across all political, cultural, and ethnic
boundaries. They are aware of the cultural
differences between different regions of the
world. They are flexible and eager to learn.
They master foreign languages. They adapt
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to their international partners and avoid
misunderstandings that can arise due to cul-
tural differences.

They have mastered the applications of
state-of-the-art information and communica-
tion technologies. They are at home in world-
wide data networks like the Internet and
Intranets, and use them to reinforce their
own skills at work. They communicate with
their partners on all multimedia levels, and
work efficiently in local and distributed
teams. They practice real and virtual mobili-
ty on a global scale.

To sum up: they are thoroughly prepared
for a globalized world, because their univer-
sities and engineering schools prepared them
for this world. ’

Although universities and colleges remain
anchored in their respective national educa-
tional systems, they take the challenges of
" globalization seriously. In fact, they are also
being globalized.

Students are prepared to meet the chal-
lenges of a globalized world with internatio-
nally oriented studies. Basic courses are com-
plemented by and enriched with interdisci-
plinary, cross-cultural contents. Curricula
meet rigorous international standards. This
ensures general compatibility for courses in
different countries, and allows students to
complete phases of their studies outside their
own countries, with full recognition. Ever
larger numbers of students are grabbing
these opportunities to gain experience in for-
eign cultures before they graduate. They also
learn foreign languages, make valuable
worldwide contacts, experience real and vir-
tual mobility, and work across cultures.
They are far better prepared to work outside
their home countries.

Universities and engineering schools have
also discovered the global education market.
They develop their products — that is, engi-
neering curricula — and marketing strategies
for the global education market. They work
together in international education coopera-
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tions. They promote studies abroad on a
broad basis, and prepare future engineers for
a global society. National education systems
are compatible with international standards.
This compatibility is underscored by mutual-
ly acceptable mobility channels. Universities
and engineering schools have taken a leading
role in pushing towards a global society.
They carefully watch over the quality of their
offerings to make sure they remain competi-
tive in an open, global market for students.

Many of these visions undoubtedly seem
too good to be true from today’s point of
view. Others are already reality, or getting
there, in many universities. Dream or reality,
we are convinced that each of these visions
can be realized. Why are we so confident
about the future? Because we believe in the
innovative strength of the universities and
colleges. And we believe in the potential of
the growing international educational mar-
ket.

Our optimism is reinforced by examples of
what has already been accomplished. The
United States exports some 7.5 billion dol-
lars in educational services and generates a
6.6 billion-dollar trade balance surplus.
What better proof do we need that some na-
tions are already well along the path toward
a global educational market?

ENGINEERING EDUCATION FOR
A GLOBAL SOCIETY

I'd like to give you a couple of ideas which
have been developed recently in a Siemens
international symposium on ”Research and
Engineering Education in a Global Society”.
Universities and colleges should immediate-
ly start working on urgently needed reforms
of contents and structures. I see the follow-
ing priorities:

1) Further development and modernization of
existing engineering curricula:

— limit studies to the essentials;
~ focus more strongly on teaching compe-



tency in methods and problem-solving;

— integrate interdisciplinary contents and
promote key qualifications;

- promote internationalization by treating
foreign topics, holding courses in foreign
languages, or encouraging study time
abroad.

2) Implementation of a worldwide compatibil-
ity in engineering studies:

— adapt studies to international standards.

. Here the Anglo-Saxon system has estab-
lished a de-facto worldwide standard with
its consecutive Bachelor’s, Master’s, and
PhD degrees; }

— define and introduce a core curriculum for
engineering;

— win mutual recognition for studies done
abroad. Here, universities and colleges
should work across borders more effective-
ly in order to learn from one another, to e-
liminate national prejudices, and to find
mutual solutions.

3) Participation in the global educational market:

- introduce market-oriented administrative
and organizational structures in the uni-
versities and colleges; .

— treat students as customers who pay for
their education and deserve commensurate
services and product quality; :

— offer products that are oriented to the in-
ternational market and are in demand
worldwide; .

— build up global marketing strategies and
structures to attract good students through-
out the world. -

4) In addition, the universities must demonstrate
that their engineering programs enable graduates to
develop their professional competence by in the Jfol-
lowing: '

— An understanding of the engineering pro-
fession and an obligation to serve society,
the profession and;

— A thorough knowledge of the principles of
engineering, based on mathematics and a
combination of scientific subjects appropri-

ate to their discipline;

— A general knowledge of good engineering
practice and the properties, behaviour, fab-
rication and use of materials, components
and software;

— An ability to apply appropriate theoretical
and practical methods to the analysis and
solution of engineering problems;

— Knowledge of the use of existing and e-
merging technologies relevant to their
field of specialisation;

— An ability in engineering economics, qual-
ity assurance, maintainability, and use of
technical information and statistics;

— An ability to work with others on multi-
disciplinary projects; :

— An ability to provide leadership embracing
managerial, technical, financial, and hu-
man considerations; v

— Communication skills and an obligation to
maintain competence by continuous pro-
fessional development (CPD);

— Knowledge of standards and regulations
appropriate to their field of specialisation;

— An awareness of continuous technical
change and the cultivation of an attitude to
seek innovation and creativity within the

- engineering profession;

~— Fluency in foreign Languages sufficient to

facilitate communication when working
abroad.

Another European Project defines the
generic profile of engineers in. the following
way: An Excellent Engineer has/shows evi-
dence of:
~ Providing leadership and vision;
~ Focus on business/clients;
~ Focus on international opportunities;

— Focus on required roles/results;

— Commitment to ethical and social respon-
sibilities;

~ Team-working; multidisciplinary/cultural;

- Management of projects/events;

— Management/motivation of people;

— Management of knowledge/IT;

~ Management of self/time;

~ Communicating, verbal and written;

— Learning, developing and improving;

— Flexibility in adapting to change;

— Technical knowledge/expertise;
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— Commercial/financial knowledge/expertise;
— Application of relevant knowledge/expertise;
~ Systematic and logical approach.

' CONCLUSION

In view of these recommendations. the par-
ticipants: of the Siemens Symposium' unani-
mously agreed to issue the followmg Declara-
tion: : .

1) Competence: A global society and-the
profession requires engineers with different
competencies.. These engineers must be
highly qualified whether research oriented
or application oriented. This impliés an un-
derstanding and appreciation of basic sci-
ence, engineering, and different cultures in-
cluding foreign languages. Engineers must
also possess interpersonal skills such as com-
munication and teamwork.

2) Global Mobzlzty: Engineering education
must recognize, promote, and reward :the
global mobility of students and professors in
the spirit of mutual recognition of the vari-
ous approaches to engineering education.
This mobility includes. courses, research,
practical experiences; and degrees. The de
facto international standard based on bache-
lor’s, master’s, and Ph.D. degrees appears to
be a suitable model for engineering educa-
tion in the global society.

3) Technological Literacy: Engineering must
promote an understanding that technology is
an integral part of society in order that young
people, their teachers, and parents appreciate
the fundamental role of engineering and
technology in their everyday lives and work.

4) Quality Assurarice: There is a need for
quality assurance systems in education
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which are transparent and-are based on mu-
tual recognized minimum standards. These
should be responsive to changmg technology
and world conditions. -

5) Tmnsnatzonal Coopemtzon Here isaneed
for global networks of universities cooperat-
ing at the professional level in order to inte-
grate an understanding of other cultures and
differing approaches to:engineering ‘educa-
t10n

6) Global Marketmg Stmtegzes Engmeermg
education must introduce global marketing
strategies and structures’ to attract students
from other countries and cultures to partici-
pate.in programs in initial and continuing
engineering education. This may involve the
delivery of education in foreign languages
and may utilize modern technology. such as
quality assured distance learning.

The challenge for engineering education is
to produce the changes required subject to
the overall trends present in higher educa-
tion. Some of these trends are pressure to re-
duce the costs of higher education, increased
emphasis- on accountability, pressure to
demonstrate student achievement through
various methods of assessment, increased
pressure from university administrators and
public officials to improve the ’quality of
teaching, and pressure to reform science ed-
ucation.

The most of these objectives can only be
achieved in a close cooperation between uni-
versities and industry. Cooperations between
universities and Siemens have a long tradi-
tion. They have always been based on mutu-
al interests and mutual benefits. Continuing
this tradition we do hope that our ideas, how
to prepare future Engineers for new chal-
lenges, will contribute to common efforts on
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~ Life Sciences,
Giobalization and Engineering Fducation

Prof. Dr. Ing. Vollrath Hopp
University Rostock, Germany

WHAT DOES LIFE SCIENCES AND
GLOBALIZATION MEAN?

Life sciences comprise an interdisciplinary
science of nature, about nature, of mankind
and its behavior, that means psychology and
sociology. How mankind . will behave in
smaller and smaller living-spaces, is besides
the basic needs of nutrition health. and hous-
ing, the fourth problem we must solve in the
near future facing (Fig. 1 ).

In favoured areas of settlement population
density is increasing all the time. Areas of
the resources for raw-materials, energy and
nutrition are not identical with the locations
for production and housing.

Globalization means to construct a net-
work of storage, production-, transportation-
and commuinication systems so that we can
exchange and use supplies of water, energy,
raw-materials, products and information
without disruption and according to need.
But we also need supplies of capital. We
should remember that money ‘is, in princi-
ple, a means ‘of comparing the value of prod-
ucts, and value is only-a way of showing the
usefulness of products. B

Life sciences and globalization depend on
one another and force us to adapt production

methods to shortage of natural resources and
the regeneration of the environment. Re-
search aims should be newly defined. The a-
bility to regenerate means more than envi-
ronmental protection it means health in the
widest sense. Nature may be changed, it is
not static. But nature must be capable of be-
ing regenerated. .

Innovation is not only the ability of a nation
or its'society to adapt to worldwide changes in
nature, technology and the economy; but also
the ability to influence the process of change.
Population growth will give .impetus to
biotechnology, genetic engineering, environ-
mental technology, nuclear energy etc. As a
consequence of this development our chances
of survival will be greater. These problems
should be discussed openly and without ideo-
logical baggage or narrow-mindedness.

The creation of simple - handicraft tech-
niques should be an integral part of innova-
tion in order that more people are enabled to
participate in modern production processes.

Within the scope of globalization innova-
tion in future must involve the setting up of
new unsubsidised jobs. Innovation should
not be restricted only to the fields of natural
sciences, engineering sciences or of tech-
nologies. : :
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Innovation potentials must be promoted
and activated in the fields of economics, soci-
ology and psycho-sociology.

Besides the requirements for sufficient nu-
trition and sustainable health it is necessary

also to develop simple technologies and skills, .

which are cheap in production and which
need no complicated maintenance. The new
modern technology must be easy to use.

RESPONSIBILITIES OF THE INTER-
NATIONAL COMPANIES

It is a relatively simple matter for business
to downsize and to cut tens of thousands of
jobs in the pursuit of profitability, and for
the state to be burdened with the consequent
costs. However, to be able offer new job op-
portunities through innovative products, de-
mands spirit, imagination and sense of re-
sponsibility.

The global spread of unemployment is the
most fertile soil for revolutions, civil wars
and wars. Politicians and top managers of in-
ternational big companies should bear this
in mind. Globalization also means the inter-
dependence of the various financial markets
all over the world.

That demands a high sense of responsibil-
ity on the part of the banks. They have to an-
alyze the economies and not only look for
quick profits.

The collapse of the financial markets in
GUS (Russia) and in Asia were foreseen. The
political background of the former USSR
should teach us that the socialist systems
could not operate with money. The govern-
ments of the following nations - e.g. Russia,
Ukraine, Kasachstan and others — are still
thinking in planned economic models. It will
take one generation till they have understood
and adopted a free market system.

One could foresee also the shadow of the
disaster of the financial market in some
Asian countries. This was only the greed for
higher profit.
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INTERNATIONAL ENGINEERING
EDUCATION

The world’s population is increasing both
rapidly and continuously. According to the
latest statistics, there are currently around 6
billion .people on our planet. That compares
with only 1.8 billion in 1930. This dramatic
increase illustrates the rapid developments

‘mankind is facing in terms of co-existence

and meeting basic needs (Fig. 2).

However, the negative consequences of in-
dustrial production methods must -also be
taken into consideration. The United
Nations Conference on Environment and
Development at Rio (UNCED) in 1992 and
First Conference of the Parties (1st COP) to
the Framework Convention on Climatic
Change at Berlin in 1995, which was set up at
the Earth Summit in Rio drew attention to
this as did the World Congress on Population
and Development in Cairo in 1994.

The tasks facing us can no longer be solved
alone by a single nation or country. Nations

. must be able to communicate with one an-

other. Professionals, including engineers,
must work together and must be able to
function as part of an international team.
They must be able to speak the same lan-
guage.

Engineering students must be prepared for
and made sensitive to these demands during
their university training. We need engineers
who can think in terms of international,
technical, social and financial relationships
in addition to possessing expert knowledge.
Apart from their native tongue, they must be
proficient in at least two foreign languages
(incl. English).

THE WORLD’S ENGINEERS
SHOULD HAVE THE SAME LEVEL
OF KNOWLEDGE BUT
DIFFERENT SPECIALIZATIONS

The spectrum of talents in the countries all
over the world is wide and varied. The scien-



tific and technical innovation potential lies
in the diversity of the talents, behavior and
characteristi(;s of the people in the different
countries. This will be'the power in future, if
the people don’t forget to work.

All nations have produced a lot of excellent
and experienced engineers. The Italians are
wellknown as excellent constructors and
builders of roads, bridges, high-ways and so
on. The French, Austrian and Egyptian en-
gineers constructed the Suez-Canal (1859 -
1869) according to a concept of A. Negrellis.
In the 18th and 19th century the Spanish,
Portuguese and British were famous nations
of maritime trade. Therefore they need ex-
cellent engineers for shipbuilding.

“The French engineer Alexander Gustaf
Eiffel (1832-1923) is wellknown worldwide,
He built the Eiffel-Tower which bears wit-
ness to his knowledge of static. The efficien-
cy of textile engineering in the beginning of

industrialization in England, France and
Germany must also be mentioned. Chinese
engineers can look back on a long tradition
of construction of the Great Wall, making
rivers navigable and the industrialization in
the last few decades. Indian engineers be-
came famous for the constriction of the Taj
Mahal. The engineers of the United States
are world wide well known for the construc-
tion of high-buildings, aeroplanes, comput-
er-technology and so on. '

If we describe the profiles of the engineer-
ing qualifications in the differeni countries
of the world, then it is usefiil to describe the
tasks and problems which they have to solve.
The comparison of the training time, the
curricula, the number of courses and disci-
plines do not give the realistic situation
about the training-quality and the standard
of a degree. The challeriges, tasks and prob-
lems of the engineers in a‘country depend on
the resources of raw materials, energy, cli-
mate and geological nature, geographical lo-
cation, transport-infrastructure, materials
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Engineers in mountainous regions require
different knowledge and experience than en-
gineers near the sea. In an area of earthquakes
the houses must be built in an other manner
than in a quiet area. But all the engineers who
work in different specialized fields should
have the same level of fundamental knowl-
edge in engineering.

The Hungarians are very talented in the
field of natural sciences namely mathemat-
ics, physics, chemistry, medicine etc. These
comprise the basic knowledge of engineer-
ing science. As examples I would like to
mention the architect Erné Rubik and the s-
tatistician von Neumann. Both have ex-
panded our basic knowledge of statistics.
Erné Rubik with his invention of the magic

Fig. 2. Growth curve of the population of the earth

cube and von Neumann through the devel-
opment of the play theory of Monte Carlo.
Both - theories are very important to the
modern fundamentals of probabilities.
Lordnd Eo6tvos (1848-1919) was a well-
known physicist. He developed circuit bal-
ances and demonstrated the identity of iner-
tia and heavy mass. Albert von Szentgyor-
gyi (1893-1986) was a famous medical doctor
and chemist. He discovered and isolated
ascorbic acid (vitamin C) in paprika. He ex-
plained the mechanism of biological oxida-
tion.

The reputation of an engineer depends on
his efficiency and experience during his oc-
cupation and not on his examination results.
If we compare the training qualification,
then weé must analyze the curricula, the
teaching-contents of the disciplines, the di-

dactic methods, the professors and so on,
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that’s very complex. In training we are not
dealing with machines. Training is an indi-
vidual, continuous long-term process that
never ends.

THE ORGANIZATION OF
ENGINEERING STUDIES INTO
THREE PHASES (Fig. 3)

A modern course of study in engineering
that will fulfill all future requirements with-
in the international countries could feasibly
be organized into three phases.

— The first phase would consist of “general-
studies” dealing with the basics of engi-
neering and the natural sciences and in-
cluding a foreign language. After one year,
a written or oral examination must be ta-
ken in every subject.

General studies in engineering and the

natural sciences include the basics of

mathematics, informatics, geometry, phy-
sics, chemistry, biology, technical drawing

Fig. 3. Education concept for engineers

and an introduction to the engineering
disciplines which the student has decided
to pursue, e.g. mechanical engineering,
electrical engineering, construction, me-
tallurgy, etc.

In this connection, the basic knowledge re-
quirement in the biosciences is an impor-
tant novelty. The biosciences are con-
cerned to make future engineers sensitive
to the laws of biological processes, selective
optimization and evolutionary mecha-
nisms and to show the relationships, simi-
larities as well as the differences to techni-
cal processes.

General studies for degrees in engineering
and the natural sciences should take up to 20
to 25 percent of the normal course duration.

— The second phase of engineering course

work is then devoted to the subject-specific
material. Since the basics of engineering
and the natural sciences have already been
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~ mastered, phase two leaves enough time for

. the in-depth study of engineering. Yet the

- contextual components of this phase should™
always emphasize the fundamentals: ! s

— In the third.phase of this.course.of study, . .. o

~ which only makes up 15 to 20 percent, of

the total, the student is"to be given in-
depth exposure to special fields, depending
on his/her own interests. The dissertation

. is to be written during this jphase. This
" gives the student the oppoOrtunity ‘to

demonstrate his/her own performance-and: -
thinking ab111ty The quallﬁcatlon of good ™

young engineers can be seen in thelr
tery of the fundamentals of . engme
science and technology. It also exists in the
ability to apply these basics to- different
problems in . special fields. Specialized
knowledge is however best'obtained at the

workplace and not during university train-

ing. This knowledge is galned from toplcal /
subjects and its focal points often change
rapidly. It is frequently short-lived.

In this context, the need to overhaul um-

versity curricula is applicable. This over-
haul means doing without spec1al fields

" while retaining the classical foundations of*
-a field of speciality.

36 IDEAS N°6/OCTOBER 1999

’gA

It is apparent that students conscientious-;
ly learn a great deal durlng their universi-
1y ediication yet lack experlence in prob-
lem-solving. :

PROPOSAL FOR FOUNDATION OF :
AN INTERNATIONAL UNIVERSITY -

An international technical university.
should be set up. This university will be un-

*"fencumbered by national traditions and can
focus on the requirements of the global vil-

lage of the future. The international
Englneenng Association (WFEOQO) should
create a program to set up a new technical u-

. anCI‘Slty

Theﬂfuture is now. However, our education

_ Systetns have not yet'adapted to contempo-

rary needs and developments.

" This international university must develop
suitable curricula. Financing could come
from the World Bank until this university.

‘develop their own infrastructure and dynam—

ics. The money invested would be sustain-
able development in the best sense.
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India

Impact of Globalization on Products
and Manul‘acturing Education and Practice

Prof: M P Chowdiah

President The Institution of Engineers, Calcutta, India

SUMMARY: The Impact of Globalization on Products and Manufacturing Education and
Practice in the present liberalized economy of the world has resulted in an integration of
product, quality assurance, design, equivalent stages of manufacturing education and prac-

tice and policy of product design.

The paper attempts to analyze the different elements involved in product design and manu-
facture for globalization. The concept, strategy and policy for.the impact of globalization are

also discussed in this paper.-

KEYWORDS: Globalization — Education —

Agile Manufacturing — Product Quality —

Assurance — Design & Manufacturing

INTRODUCTION

In the globalization of economy lifting
trade barriers, converting local trade into
global market, blending of engineering and
technical knowledge with information at the
global level have all contributed to the zenith
of quality assurance in all the manufacturing
activities, such that the product is reliable
and suitable in all types of working condi-
tions, remain durable with long period of
service utilizing least power and cost. This
requires sound knowledge of product design
acquired by engineers with the desired edu-
cation and practice at all levels of manufac-
turing system, which leads to globalization
in the liberalized economy.

MANUFACTURING TECHN OLOGY
AND ENGINEERING

Technology and Engineering:

Technology and engineering as applied
science encompasses several divisions, such
as: Agricultural Engineering, Architectural
Engineering, Aerospace Engineering, etc.
that contribute to manufacturing directly or
indirectly.

The impact of globalization on manufac-
turing leads to global competitiveness which
in turn leads to Cost Effective Quality
Customized Products globally and thus to
Agile Manufacturing.
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IMPACT OF GLOBALIZATION
ON PRODUCT DESIGN

is an integration of product design policy with
equ1va1ent stages of manufacturing, education
and practice for customlzed product:with

packing and finally marketing as well as to ex-

ecute the standard product design in which the -

workforce must be injected with quality educa-
tion based on source of control such as Admis-
sion, Criteria, Curriculum Design, Programme

Selection and Implementation, Evaluation and -

Employability, etc. In view of economic re-
forms based on policy of globalization which
affects the industrial and economic scene by in-
creasing competition in quality and practice of

the products and services, they must prove to.

be of highest quality and yet competitive. It is
therefore necessary to have desired policy of

Research, Development and. Technology -

Transfer, and of policy for product design for
globalization as the Post Manufacturing
Education and Practice for globalization.

IMPACT OF GLOBALIZATION ON
MANUFACTURING AND PRACTICE

Before the discussion of the changes in
manufacturing for globalization it is neces-
sary to discuss the global development of ma-
nufacturing from 1942-2000. Further the se-
quential scenario of manufacturing in the
world presents the history of manufacturing
from the past to the present status. The Im-
pact-of Globalization on Manufacturing has
led to Agile Manufacturing, which may be de-
fined as follows:

Agile Manufacturing:

Agile manufacturing is the science of a busi-
ness systemnt, that integrates management, tech-
nology and workforce, making the system flex-
ible enough for a manufacturer to switch over
from one component that is being produced to
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another component that is desired to be pro-
duced in a cost-effective manner, in a short-

‘nme, within the frame work of the system.

The globalization impact on product design. "

otherwise infuse important principles and
technologies into manufacturing practice. The
manufacturing has to be viewed as broad-
based activity ranging from product. design
through production, product _use, ‘mainte-
nance etc. But the AMA recogmzes as'an in-
terdisciplinary activity that requires the seam-
less integration of Technology.

Management, ‘Information System, Work-
force, etc. It .approaches holistically, rather
than taking rifle-shorts at individual issues, to
achieve quick fixes by bridging the Traditio-
nal- Technology, Management, Workforce,

- etc; with. a broad understanding of manufac-

turing that integrates key functions and disci-
plines involved in creating, designing, mak-
ing, selling/servicing products, etc. It encom-
passes not only the critical operations like
technology, product process engineering,
administration and marketing/sales/services
within a corporation but also vendors/supp-
liers, customers, community and government.

Meeting Globalization Impact:

In order to meet globalization impact, the
following factors need to be considered:

— Supply of customer oriented products.

— Challenges posed by Multi-national Com-
panies, which are already practising the
concept of Agile Manufacturing

— Need to produce components of Internatio-
nal Standards, in terms of quality and cost.

— Healthy environment and enhancement of
skill for the workforce.

— Energy conservation, Environment friend-
ly products.

— Implementation of Green Engineering.



CONCLUSION

The impact of globalization on products

and manufacturing education and practice

has led to an educational structure like a

pyramid. It can be seen that with an effec-

/process design,

tive leadership, with integration, intern-
ship, operations management, product-
manufacturing, TQM,
plant visits, etc, it is possible to lay strong
foundation for a sustained growth and sta-
bility at all levels.
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Hungary

Innovation on the Engineering Industry

Dr. Odin Hajté, civil engineer

President, Hungarian Chamber of Engineers

SUMMARY: The innovation is continuously present in the engineering work. Every project
is a little bit better than the preceding one. The industrial parks, innovation centers, icuba-
tor houses of the consulting engineering industry are the engineering organizations, but the
engineering offices do not have to move to one place geographically as well, one building or
one park in order to promote the development of the engineering sector.

KEYWORDS: Consulting Engineering Industry‘—— Routinish Innovation — Radical Inno-
vation — Engineering Organizations

All the engineering intellectual services
are to be included in the engineering catego-
ry indicated in the title, namely:

— planning

— expertising

— consulting

- project control

- developing.

The implementation process of innova-

tion related to product manufacturing is pre-

sented by Chart 1. First of all, an idea is
needed which applies either to quite a new
product or suggests another one of better
quality, more durable and cheaper instead of
the existing product. In the second step the
idea has to be developed until it can be de-
cided if it is marketable or not? In the third
step prototypes have to be made, the buyers
have to be made to get familiarized with the
product in order to obtain feedback on its
acceptance. Up to this point the innovation
requires significant investments for which it
is not always easy to find the risk capital
partner. In the fourth step, at last we step
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onto the market, then the fifth step is also
very important in order that the new prod-
uct could be kept on the market as long as
possible.

The innovation is present in the engineer-
ing intellectual service providing sector in an
other way than in the industry. In the archi-
tecture, in the structural and civil engineer-
ing works, in the electrical and mechanical
engineering works there are no series prod-
ucts. Every project is different and different
and as regards the standard of the engineer-
ing service, it is improving from project to
project. Every plan is a little bit better than
the preceding one. The experience of the pre-
vious project and the information acquired
in the meantime are already present as inno-
vations in a routinish way in the next plan.
(Chart 2)

The innovation level of the engineering
offices performing consulting engineering
service providing activity is measured not
by the number of publications and refer-
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ences, not by the number of patents, not by
the proportion of the participation of engi-
neers possessing PhD degree, but by the
number and quality of the facilities imple-
mented.

Not all the engineering activities are equal-
ly innovative. There are special fields with
lower innovation content such as e.g. civil
engineering and special fields with high in-
novation content such as e.g. telecommuni-
cation and biotechnology.

In the process of the engineering work the
innovation steps can be higher and lower as
shown by Chart 2. The height of "stepping-
up”, the steepness of the innovation process
are influenced by the following factors:

1. Is there a demand and, if yes, of what
size for innovation on the part of the so-
ciety, economy and the politics?

2. Do the technical and scientific base re-
search develop?

3. What is the quality of the technical
higher education like?

4. Is there any material support for the in-

novation of the engineering services?

_Chart 1. Innovation in Industry

5. Is the engineer informed? Does he/she
trains himself/herself further? Does
he/she apply the aids of the up-to-date
computer science?

6. On what level does he/she manage
his/her activity? Does the engineer work
with suitable partners? Do they hold
consultation (brain-storming) on the so-
lution?

7. Does the engineer find a partnér in
his/her client for jointly bearing the risk
of a higher scale innovation?

In the course of the engineering activity
there occur, though rarely, but do occur

" radical innovation changes as well, by the

use of some newer material, technology, in-
vention or a bold idea. These solutions gen-
erally entail a risk higher than usual, there-
fore they can come about only with the joint
consent of the engineer and his/her client.
(Chart 3)

The industrial parks, innovation centers,
incubator houses of the “consulting engi-
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neering industry” are the engineering orga-
" nizations. The persons, offices, micro-,
small- and medium-sized enterprises per-
forming innovative engineering activities
do not have to move to one place geograph-
ically as well, one building, one park in or-
der that the development of the engineering
sector could be promoted to a greater ex-
tent.

The demands and tasks generated by the
globalization are clear for the engineering or-
ganizations:

— the standards, rules, decrees, regulations

have to be rendered accessible to those
performing engineering activity by the

informatical tools of today, on CD and

internet;

— aids have to be prepared continuously
for the way of use of the new standards,
rules, decrees, with a lot of numerical ex-
amples in order to facilitate their intro-
duction and application;

—”master schools” have to be operated
where the elder, more experienced col-

Chart 2. Innovation in Gonsulting Engineering Services

leagues hand over their experience to the
younger career-starters;

— the most recent and most successful techni-
cal books have to be translated to several
languages. Due to the small number of cir-
culation copies, this is not possible on a
business basis in the case of countries of
small number of inhabitants like Hungary;

— the "engineering” micro and small enter-
prises have to be prepared and certified
at a reasonable price for the quality as-
surance system of 1ISO 9000;

— the chairmen of the European engineer-
ing chambers will meet in Budapest in
the year 2000 already for the second time
where the harmonization and mutual
recognition of the engineering licenses
will be addressed;

— The engineering design and consulting
enterprises have to be assisted in pur-
chasing at a cheaper price the softwares
deemed to be the best by the way that the
engineering organizations can procure
them in bigger lots, at more favourable
price;

— innovation design competitions have to
be arranged for the search of new techni-
cal solutions;
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— the participation of engineers at confer- Chart 3. Innovation in Consulting Engineering Services

ences has to be supported;
— the innovation situation of the “engi-
neering” micro-, small- and medium- the financial coverage of the innovation
sized enterprises has to be surveyed and support of the engineering activity only
analyzed from time to time. from the membership fees, its is necessary
that the governments should support it
The engineering organizations, the engi- during their innovation development prog-
neering chambers, however, cannot raise ram.
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GLOBAL PERSPECTIVES

~ Global Energy Outiook

vProf. Tamds Fdszay

Technical University of Budapest, Department for Energy

History of the now bygoing century has
ishowed more explicitly than any epoch in
_the past that energy is a global issue.
Economic and social structures’ of our. time
“are leaning and depending on energy ser-

“vices to such an extent that even short and-

local interruption of energy supply cause
quite uncomfortable and . dangerous situa-
tions going often with heavy economic loss-
es. The consequence of a full and long lasting
energy supply interruption hitting continent
wide regions would become a catastrophe,
causing more loss of life than the worst wars
of human history. The more we are devel-
oped technically and economically the more
is our civilisation sensitive to stable avail-
ability of energy.

Globalization of world economy is not just
a slogan, it is a real process going on and ac-
celerating. Parallel to that energy has also got
its global dimension in the strictest physical
sense too. While energy set free by man in
chemical and nuclear reactions is negligible
compared to the energies moving in the ther-
mal (heat) radiation exchange processes be-
tween Sun, Planet-Earth and the Universe,
the by-products of combustion and other
technical economic activities interfere in this
radiation exchange and, doing so, may modi-
fy the average atmospheric temperature of the
?middle station”: our Globe, the Earth. This
possible phenomenon is nowadays men-
tioned repeatedly as ”Green House Effect”
?Global Warming” or in a more balanced for-
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mulation: *Climate Change”. The scientific
community of the whole world works hard on
understanding of the extremely complex

- global climate system and on predicting and

evaluating the possible consequences of in-
creasing concentration of Green House Gases

" (GHQG) in the Ea’rth’_s atmosphere.

The problem outlined here brings .t'he en-
ergy business of human civilisation onto the
global stage in its phy§ical and political sense

alike. |

To be more speciﬁcf: energy arriving to the
Earth by the incident solar radiation is 126000
TW. Practically the whole amount of this en-
ergy is passed on from the Earth to the space
of the universe, again by thermal radiation.
Antropogen energy release coming from com-
bustion, nuclear reactions and other technolo-
gies is nowadays a mere 9 billion tons of oil e-
quivalent per year (9 Gtoe/y). Expressing this in
usual performance units the result is 12 TW.
Comparison of the two numbers tells con-
vincingly that antropogen energy release is a
negligible item in the energy balance of the
Globe. Climate change could never come
from antropogen energy release. It might (if
might!) come just from GHG interference in
the big radiative exchange mentioned above.

Coming to the outlook” theme of this pa-
per let us consider first the energy demand
forecast. Based on predictions on popula-
tion growth, GDP/capita growth, declining



energy intensity (toe/GDP); improved tech-
nologies in energy conversion and in energy
final use alike, to meet a realistically expect-
ed demand, total primary energy supply
(TPES) has to grow to about 13 Gtoe by the
year 2020.

As to the composition of this supply: Oil
remains the dominant energy carrier of the
market. Natural gas consumption grows and
takes the equal share as coal has now in the
market. Nuclear power stabilises in absolute
terms. Hydro power and renewables increase
steadily but still remain at low levels.

OIL DEMAND AND RESERVES

Year 1995 2010 2020

Gtoely 3,3 4,3 5,1
Mbbli/day 70,1 | 90,6 | 106,5

To give some orientation concerning the
reserves that are available to cover this de-
mand let us mention that in the 1985 to 95
period proved oil reserves were around 1100 -
1200 Gbbl while the yearly production was
running at about 20 Gbbl/year. This means
that exploration goes at a pace to keep proven
reserves on a comfortable level over the year-
ly production. Reserves are, of course, not in-
finite. The category “ultimate reserve” of con-
ventional oil is estimated to be 2300 Gbbl,
meaning that already in 2020 some “uncon-
ventional 0il” has to be taken into production
to keep the reserves/production ratic on an
acceptable level. Unconventional oil is in
form of oil sands, oil shale and/or oil in water
depths more than 1000 m. Reserves of uncon-
ventional o1l are estimated to 2000 Gbbl.

GAS DEMAND AND RESERVES

Gas demand will increase in the 1995 -
2020 period in an average annual rate of
2,6%. Natural gas increases its share in the
world energy balance because, among fossile
fuels, it has the most favorable H/C ratio;,
meaning that to produce a given heating val-
ue natural gas produces the lowest CO; emis-

sion. Natural gas can be converted in other
forms of energy in relatively cheap equip-
ments with high efficiency. Gas demand pre-
dictions are the following:

Gtoely 1,8 2,7 3,5
Ultimate conventional gas reserves are esti-
mated at 267 Gtoe, meaning that reserve/pro-
duction ratio is quite promising for a while.
Concerning unconventional gas reserves esti-
mates are an order of magnitude higher. It is
worth to mention that transportation of nat-

ural gas on sea is solved by LNG (liquified
natural gas) tankers.

COAL DEMAND AND RESERVES

Coal is used mainly in power generation,
in industry and in the residential sector. The
consumption’s center of gravity is moving
towards the biger consumers, as coal use on
small scale is less comfortable than the use of
oil, gas or electricity.

Market position of coal is weakened also by
environmental considerations. Namely the
heating value of coal comes mainly from
Carbon atoms which burn to CO,. So when
delivering a given heating value coal emits
more CO, than other fuels having higher
Hydrogen-to-Carbon ratio. To burn coal
with good efficiency one needs more expen-
sive equipment. That means that specific in-
vestment costs of coal burning units are
higher. All this drawbacks may be offset by
the lower price of coal pro unit of energy and
its much more stable price.

Coal reserves (world total 1032 Groe) are dis-
tributed on' the Globe much more evenly
than the other energy carriers. The main, coal
producing countries have the following
shares in reserves: FSU 23.4%, USA 23.3%,
China, 11.1% Australia 8.8%, India 6.8%,
Germany 6.5%, South Africa 5.4%, Poland
4.1%, Indonesia 3.1%, Canada 0.8%, rest of
the world 7.5%. This distribution makes coal
markets practically independent of political
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stresses. and conmbutes to long term price
stability.

Flnally coal is the fuel w1th the most plen-

t1fu1 reserves. The global rat1o of coal re-

the now known proven reserves would last to
the year 2220,

Summing up: coal can not be discarded be-
cause of its relative discomforts. Technology
to handle the difficulties is already available.
Coal was and remains an important energy
source.

Total primary coal demand in coming de-
cades:

Year 1995 2010 2020

Gtoely 2,2 3,1 3,8
ELECTRIC POWER AND

GENERATING CAPACITY DEMAND

Electricity is the most comfortable form of
energy. Its source can be any kind of prima-
ry energy and, with the sole exception of avi-
ation, it can be used to cover any kind of en-
ergy demand. The share of primary energy
used to generate electricity is growing con-
tinuously and passed the 40% share recently.

The energy and generating capacity de-
mand for the 1995 - 2020 period is listed in
the following table showing the change of
primary sources as well:

Year 1995 2010 2020

Total electricity v
generation 13204 | 20852 | 27326
in TWh .
Solid fuels 5077 | 7960 | 10490
Qil - 1315 | 1663 | 1941
Gas 1932 [ 5063 | 8243
Nuclear 2332 | 2568 | 2317
Hydro 2498 | 3445 | 4096
Other renewables | 49 154 | 239
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~ Year 1995 2010 2020

Energy inputs

in Mtoe . »3091 |1 4470 | 5482
Solid fuels - 1 1362 .| 2023 | 2521 -
Oil - 308 :| 367 | 418
Gas 565 1034 | 1477
Nuclear 608 670 | 604
Hydro 215 | 296 | 352
‘Other renewables | 34 | 80 110
Capacity in GW | 3079 | 4556 | 5915
Solid fuels 1032 | 1362 | 1760
Oil 404 527 604
Gas 571 1309 | 2035
Nuclear 347 375 334
Hydro 713 940 | 1109
Other renewables | 13 | 43 73

Stagnation .of nuclear and strong increase
of gas based electricity generation features
the development. To explain the favourite
position of natural gas we can mention the
low carbon content of methane (low CO; e-
mission), the low investment cost and high
efficiency of gas-steam combined cycles,
which run on natural gas.

BIOMASS

Biomass is, as a matter of fact, a prehistoric
fuel, but a new item in ”end of 20* century”
energy balances. Biomass energy currently
represents 14% of world final energy con-
sumption. In developing countries where 3/4
of the world’s population live, biomass ener-
gy (firewood, charcoal, crop residues and an-
imal waste) accounts, on average, for 1/3 of
total final energy consumption and for near-
ly 3/4 of energy used in households. OECD-
/IEA uses the term biomass to designate the
aggregate combustible renewables and waste.

In connection with GHG emission bio-
mass can be considered as a CO; free fuel.
Namely carbon content of the biomass fuel
comes from photosynthesis in previous
years. As long as the use of biomass fuels
does not mean deforestation (use is in equi-
librium with natural production of the vege-



tation) it is a very welcome fuel helping to re-
duce CO; emission. Out of this reason ener-
gy plantations (biomass production for ex-
plicit energy carrier production) may, and
will, play an important role in stabilising
CO;, emission and preventing climate change

by that. At the same time, reduction of very:
hi'g’h biomass shares in ‘energy use of-devel- -

oping countries is also desuable Namely
most:of the household energy.use takes place
in extremely low efflclency stoves etc.

Substitution of biomass. in low efficiency -
stoves with commercial. fuels (e.g. LPG) used . -

in high efficiency appliances may reduce the
energy consumption of DC households to 1/3
of the original value.

A counter current development can (and

should!) happen in this field. In developing

countries reduction of biomass share in the
energy mix and in industrialised countries
an increasing share of biomass in the energy
balances. A special application of biomass
based liquid fuels is the use of methyl and/or
ethylalcohol as motor fuel.

ENERGY EFFICIENCY

Energy efficiency, in other words produc- -
ing the same quantity and quality -of prod- -
ucts and services with using less energy be-

comes more and more accepted as the ”sixth
energy source”. According to well based
analysis, just by using the best available tech-
nology everywhere and in all applications,

the world energy demand could be reduced
by 30%. This means that new energy de-
mands, originating from increased standard
of living in developing countries, could be
covered by energy saved in existing produc-
tion processes without the use of new prima-

Iy energy sources. Importance of this branch

of energy technology can not be over esti-
mated. Due attention has to be paid to it.

-CO, DISPOSAL

Stabilisation of GHG emission, as aimed at
in the Kyoto Protocol of the UNFCCC, can
hardly be achieved when energy demand in-
creases as we have seen in the tables above.
Justification of demand for increased energy
supply in developing countries is not ques-
tionable if we consider their very low energy
per capita consumption. Increased use of fos-
sil fuels seems to be unavoidable. To stabilise
or reduce CO; emission separation and dis-
posal of CO, has to be considered. As in
ocean sediments are huge amounts of Carbon
compounds the ocean seems to be an unlim-
ited capacity sink of CO;..Research at MIT
shows that this direction of solution choices
is promising.
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How to Avoid Global Warming by use of Gomplete
Combustion Reactor with flue-gas condenser
for lean GO, for industrial recycling

Dr. Allan Inovius
RCWO, Reactor Combustion World Organization S. A

Carlo P. A. Inovius
CCB Kft., }Complete Combustion Bureau Kft. of Hungary

SUMMARY: This lecture shows another technology for a complete combustion of gasformed,
liquid and solid fuels and wastes. The Patent of the method is based in Hungary for EPC in
100 countries. Capacity: 16kW-44MW/unit heat production/TEP. Advantages of an always
complete combustion to extremely low oxygen content with flue-gas condenser, saving ener-
gy costs to a better environmental protection. The main opportunity with an always clean flue-
gas is the key function to collect COZ as a valuable raw material to be bubbled up in a lake or
other growing system to produce r1ce, algae or biomasses —~ not destroying the ozone layer.
See hutp: /fwww.rewo.com

KEYWORDS: Complete Combustion‘Reactor — Flue-Gas Condensing — Flue-Gas Acid
to Gypsum — Recycling of Clean CO, — Nitrified SiC, SiSiC Ceramic

CCR - THE COMPLETE COM-
BUSTION REACTOR

The Patent for the complete combustion re-
actor, with an always clean burnt flue gas, is
based in Hungary with EPC for 100 countries.

Smoke and smell of all kind of unburnt hy-
drocarbons from gaseous, liquid and solid fu-
els and wastes are lost energy, increasing the

-air and water pollution. It results in high
costs and lost money.
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A boiler/incinerator, equipped with the
CCR, produces hot water/steam or hot air for
heating premises, running power plants and
dryers. CCR units are in Nitrified SiC or
SiSiC ceramic available in a diameter range
from 3165mm to P950mm in various length
according to the needed capacity from 16 kW
to 44MW/unit.

The big hot surfaces of the glowing CCR,
Complete Combustion Reactor, bring 80%
of all produced heat value directly by radial



infrared radiation to always clean surfaces of
the burning chamber. The resting 20% ener-
gy is absorbed in the boiler giving after this
very special combustion process an always
clean burnt and dryer flue-gas to a tempera-
ture as low as around 120°C.

Without a Complete Combustion Reactor,
the CO; in the flue gas is a barrier prevent-
ing the radiation from the core of the burn-
er flame to reach the walls of the burning
chamber.

The sparks from the flame pattern over -

win after few minutes the CO, barrier
around the flame and reach some of the mil-
lions of facets on the CCR’s SiC ceramic in-
ner walls, starting a ping-pong effect like a
laser principle with the continuously acceler-
ating sparks from the flame pattern. At only
1,000°C the process reaches a frequency able
to crack the moisture of the overheated water
steam in the burning process to: hydrogen
energy Hz and oxygen O; which in the
process goes to 0zone 03

02+024+02 <=> 03+03

2C+03 <=>CO + CO;,

SO2+CO+H;0 <=> H2S+C02+0+0

SO2+H2S <=> S+S+H,0+0 <=>...
.. $2+H,0+0

Turbulences in the CCR, Complete Combustion Reactor;
80% infra-red radial radiation of the produced heat value

In the process produced required ozone
guaranties a safe end-combustion of the VOC
(Volatile Organic Carbons) such as Benzopy-
ren, Formaldehydes, CO etc. to a very low
oxygen rate in the flue gas.

This process is of importance by use of
low-grade fuels, heavy fuel and other fuels or

" wastes rich in not oxidated sulfuric or other

acid contents — partly separated to the ashes
in a dry form easy to collect from an always
soot free boiler. -

This opens, through condensation, the way
to collect suphur/acids, and micro particles
passing a dry bed of lime stone (calcium) of
the flue gas into gypsum. The cleaned water
from the flue gas condensing is treated as
rainwater.

An always cleaned flue gas containing
mainly CO; at a temperature after the con-
denser of 20-30°C gives the opportunity to
bubble in industrial recycled CO; to a lake or
other growing system to produce rice, algae,
biomasses.

THE RECYCLING OF CO7 IS THE -
ONLY WAY TO AVOID
GLOBAL WARMING.
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ABSTRACT: The preliminary estimation of the possibilities and of the main characteristics
of electricity production by Thermoelectric Power Generator ( TPG), based on the CCR,
Complete Combustion Reactor, with heat capacity 16 kW - 44 MW, is done. Different cases
of using TPG with CCR are examined. It’s shown, that efficiency of TPG, based on available
low - & middle - temperature semiconductor materials can be as high as 7-14% . The practi-
cal application of high temperature materials which could help to obtain an efficiency of
about 20% needs more detailed scientific study.

KVEY\WORDS: Boiler — Waste Fuels — Elects icity — Cogeneration — Thermoelectricity

~ Semiconductor Materials

CCR is a well-known combustion device,
which has more then 150 different practical
applications. Special property of CCR is it a-
bility to burn gaseous, liquid-or solid fuel and
waste, such as rubber tires, waste oil and oth-
ers without any visible injurious pollution.
All combustion by the CCR technology has to
be done in following stages. The First stage is
to use good common technolegy for Boiler,
Stoves and Incinerators completed with. Stage
two - the missing link between the burner and
the boiler. Here is the key function for an al-
ways complete burned combustion gas with-
out PAH polyaromatic hydrocarbons and
VOC light gasformed carcinogen/cancer
causing hydrocarbons as CO, formaldehydes,
benzpyrenes and dioxines.
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First now the process is entering stage
Tree to condense the always cleanburned
flue- gas to remove the acids from sulphur,
chlorine, etcetera and to separate all micro-
articles down into the calcium filter-cake
eutralizing sulphur into gypsum. At stage
our, for complete recycling of the total com-
ustion process the clean flue-gas with its
L0, leads into a lake/water system bubbling
up CO, as a fertilizer able to grow rice and al-
gae to give good protein.

The level of burning temperature in CCR
is quite high and the temperature of its ce-
ramic shell reaches 1000-1100 °C. Thus, CCR
is a good emitter of intensive infrared radia-
tion (IR). The radiation heat flow rate is



close to 80% of the total heat production of
combustion chamber and only 20% goes out
with flue-gases.

The density of IR results to the small di-
mensions of apparatus, assembled with CCR.
But being absorbed on the wall of boiler, the
high temperature IR becomes heat upon quite
low temperature. According to the point of
view of the Second Law of Thermodynamics
Analyses the temperature drop between the
boiler and the reactor must be regarded as a
loss of the temperature potential. This loss
can be reduced by transformation of the heat
into another kind of energy, in particular, in-
to electricity. It is rather desirable from the
practical point of view.

When a boiler with CCR is powered with a
device for electricity production it becomes a
power plant for combined production of heat
arid power. In this case, the efficiency of
heat’s transformation into electricity deter-
mines only the value of the electricity part of
total énergy output, but doesn’t influence the
value of specific fuel expenditure for getting
electricity. It gives the possibility to get rela-
tively cheap electricity even with a rather
low efficiency of heat’s conversion into pow-
.er, especially when CCR burns waste fuel.

The direct conversion of heat by means of
- thermoelectricity phenomena is not the only
and the most effective way to do it. But this
technology seems to be the simplest and the
most suitable for CCR among all the avail-
able ones.

The advantages of the thermoelectric trans-
formers, such as absence of any mechanical
motion, noise and high-pressure equipment,
high reliability, absence of service, seem to be
a good addition to the advantages of CCR
technology, which does not break it’s ecolog-

“ical cleanliness and simplicity. The intlusion

of TPG into CCR boiler for domestic water
heatmg with total heat capacity of about 2

MW is schematically shown at the Fzgl
There are also presented the major parame--

ters of the boiler. They should be taken into
account when TPG is calculated.

. T Flue-gas

Combustion

Thermoelectric
Pow nerator

85°Ce~

50°C-»

a

T Fuel + air

CCR equipped with TPG; Overhead 2

Diameter of reactor, m: ... ... 0.9
Length of reactor, m: . ....... 35
Temperature

of the reactor shell, °C: . .. .. 1100
Total heat capacity, MW: . . . .. 2.0
Heat capacity

: o_f boiler, MW: .. ........... 1.6

Fig. 1.

In the calculations, TPG is supposed to

- consist of one or two different cascades, each

of which being formed by a number of semi-
conductor thermopiles that are joined to-
gether electrically. Connection is deter-
mined by electrical parameters of useful

‘needed load. On its hot junction, each ther-

mopile of the first (upper) cascade has a re-
ceiver'plate which absorbs the IR of the C-

. €R. Cold thermojunctions of thermopiles in
' the second (lower) cascade are assembled on

the inner wall of the boiler. Efficiency of
TPG is ﬁrstly determined by ;he properties
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of thermoelectrical materiais that are used.
At the same time, the right choice of the ma-
terials depends on thermal regime of work-
ing of the cascades. It is determined by ¢on-
ditions of optimal accordance of TPG with
IR emitter.

In the case of CCRs, these materials are
found by taking into consideration the ther-
mal interaction between the reactor and the
receiver plates of thermopiles. The higher the
receiver plate’s temperature, the bigger the
electrical output of TPG, but so is its thermal
resistance. Therefore, if the temperature of
the CCR is constant, its heat power falls as the
electrical output of TPG increases. This is the
reason why there is an optimal temperature of
thermopile receivers at which the electrical
output of TPG reaches its maximum value.
According to our calculation, the optimal
temperature of the receiver is around 800 K to
900 K. This region assumes the optimal ap-
plication of middle- and low - temperature
materials in one or two cascades.

+..How 1o Avoid Global Warming by use of Complete GCombustion Reactor .
with flue-gas condenser for clean €0, for industrial recycling

SINGLE DOUBLE
CASCADE | CASCADE
LOW- MIDDLE
PARAMETERS TEMPE- TEMPE-
RATURE RATURE
_ TPG TPG
Hot junction 270 550
temperature, °C
Cold junction :
temperature, °C 68 68
IR capacity of
the reactor, MW 1,57 1,40
Relatl\_/e Il:t 8 87.5
capacity, %
Electrical output,
KW , 115 196
Efficiency, % 7,3 14,0

The results of more detailed calculations of
TPG, which were held for CCR with the heat
capacity of 2 MW (the IR capacity - 1.6 MW)
in accordance with the traditional method of
?average properties” [1], are presented in the
table above. The calculations were held by
taking into account the properties of easy
available materials, such as low temperature

U

iR

Venturi

Lt T |
/N SN
CCR
Incinerator
MW ~ 44MW

Security Channel — \2
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triple alloys of Bi, Sb and Te, and middle tem-
perature alloys of Pb and Te. The thermal
leakage and contact electrical losses-of TPG

were determined as shown in [2,3]. According

to the presented results, and using the single
cascade low temperature, TPG (in 2 MW boil-

er) permits to obtain 115 kW of -electricity -
production and does rot visibly influence the

CCR’s work. The use of the double cascade in-
creases the electrical output up to 196 kW, but
makes the heat capacity of the reactor fall
down to 12.5%. Therefore, any increase of
working temperature to get more electricity
must be accompanied by special measures di-
rected to the intensification of heat transfer

between the reactor and the TPG. If the mea-
sures are successful, the efficiency of the TPG
will go up to 20 %.

[1] Thermoelements and theimoelectric devices.
Reference book. L. Anatichuk . Kiev, Naukova
dumka, 1979- 768 p. '

[2] Calculation and design of thermoelectrical gener-
ators and heat pumps. G. Korirlo, G. Lobunech.
Kiev, Naukova dumka, 1980 - 327 p.

[3] B. Pozdniakoo, E. Koptelov. Thermuvelectric en-
ergetics. Moscow, Atomizdat, 1979.
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Teaching Sustainable Development

Prof. David Thom,

President of Committe on Engineering and Environment, WFEO, New Zealand

SUMMARY: The evident importance of the contribution of technology to sustainable de-
velopment increases. Sustainable development is fundamentally different from traditional
development. Teaching SD requires changes of attitude. Integrated teaching requires facul-
ty literacy in SD. Since there is much learning material available, this can be achieved. Policy
for the development of faculty capacity has been proposed, as well as guidelines for new cur-
ricula. There is now much experience with adaptive, and new curricula development, and
specifications, as well as much innovation. The importance of university engineering re-
search into the engineering application of sustainable development is fundamental.

KEYWORDS: Sustainable Development — Attitudes — Integrated Teaching — Faculty

Literacy — Research

INTRODUCTION

In spite of global progress with the transi-
tion to Sustainable Development (SD) since
the UNCED of 1992, the reviews in 1997
confirmed that the concept was not well un-
derstood or applied, and that the global envi-
ronment is still deteriorating (1). It becomes
clearer, with time, that the difference be-
tween forecasts of hope and gloom, lies in
what technology can do to bridge the gap be-
tween a declining resource base and escalat-
ing demand. Time scale is a critical problem.
Society now expects engineers to take ac-
count of social, economic, ethical, and non-
technical issues in their work. Employers
give preference to environmentally literate
applicants over those who are not (2). To
make a difference, the re-orientation of tech-
nology identified by the 1987 Report of the
World .Commission on Environment and
Development must be implemented in the
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short time of perhaps 20 years. This is a huge
challenge for educators. Many have tried to
respond by introducing or adding new sub-
jects into established curricula, and there is
now a wide spread of these ”adaptive” cours-
es. A few bold front runners have introduced
a totally new approach, but some courses
have not changed at all.

The time scale indicates that it is necessary
to radically increase rate of change. How is
this to be done when many teachers feel un-
comfortable with the concept of sustainable
development, and even more uncomfortable
with the concept of integrated teaching, as
recommended by the Paris Conference on
”Engineering Education and Training for
Sustainable Development” of September
1997 (3).

Some faculties have responded by intro-
ducing guest lecturers with a reputation in



the teaching of SD, a fundamental divergence
from the concept of integrated teaching. If
students thus meet the concept for the first
time, having heard nothing about it in other
parts of their programme, such lectures read
as "add-ons”. Since SD in its fundamental
meaning represents a- different development
philosophy from -the traditional, this ap-
proach can create confusion of objectives,
particularly if teachers of the balance of the
course project traditional development phi-
losophy. Integrated teaching requires faculty
wide SD literacy.

Since the application of sustainability re-
quires changes of attitude, its teaching must
be based in different attitudes. Attitudes are
acquired from the teaching environment
rather than taught. The only response that
can project new attitudes, integrate teach-
ing, meet demand, and provide the research
component essential for progress and for
teaching, is for whole faculties that are SD
literate. Since there is a great deal of materi-
al about the concept and teaching of SD now
available, there is little doubt that a faculty
with the will to do so, could create new ca-
pacity and programmes within a two year
period. It is the objective of this paper, by
reference to new initiatives, to highlight
possible steps in the building of capacity for
faculties and individual teachers to deliver
integrated teaching.

FACULTIES

Faculties can still be divided on, or dismis-
sive of, the recent changes in the societal ex-
pectations of engineering. But the evidence
is now compelling, whether in the form of
UN resolutions, or of ”state of the world” re-
ports, or policy statements by major engi-
neering bodies (for example, the US Engi-
neering Deans Instituteis currently working
on an SD policy for the consideration of the
American Society of Engineering Educa-
tors), or statements from major business, or
the plethora of conferences, or the large
number of ”catch-up” adaptions to engineer-
ing courses. To become convinced, it is nec-

essary to study the evidence, and the initia-
tives being taken within engineering teach-
ing around the world. Reference material is
widely available, in reports, policy state-
ments, and on web sites. Gunn has described
a faculty re-orientation strategy that was put
before the faculty of the engineering school
of the University of Auckland This had
eight elements:

1. Al staff commit to a declaration of prin-
ciples.

2. An environmental and sustainability au-
dit for all existing and proposed courses.

3. A programme of workshops to support
staff.

4. A year 1 course in environmental princi-
ples to complement engineering princi-
ples.

5. Incorporation of environment and SD in
design teaching in all disciplines.

6. Promotion and encouragement of re-
search activity.

7. An award to encourage innovation in
teaching and research.

8. Annual reviews of the plan to ensure fo-
cus on SD is maintained.

The principles to which staff would com-
mit were as follows:

1. Recognition of thé ecological foundations
for technology and economy.

2. Ensuring that professional engineering
is taught and researched within a frame-
work of SD. (This is 1ntegrated teach-
ing).

3. Incorporate cleaner producnon, waste
minimisation, pollution prevention, en-
ergy efficiency, resource recovery and
conservation, risk reduction and environ-
mental protection into all relevant teach-
ing and research programmes.

Interact with related academic disciplines

and university environmental initiatives.

Assist business, commerce, industry, gov-

ernment and the profession.

Develop communications skills.

Ensure that social, cultural, stewardship

and ethical values are incorporated with-

in programmes.

NS v A

IDEAS N°6/OCTOBER 1999 55



CURRICULA

The de31rable elements of SD currlcula, 1f
the adaptive courses, the new “green fields”
initiatives, the international workshops, and
the innovations that have developed . from
these are used as a guide are: :

- Amtude to, and understanding of sustain-
able development.

~ The skills that foster application of engi-
neering principles in a SD context.

-~ Emphasis on systems. :

— Experience in working with non-engineer-
ing disciplines.

— 8D research and student (and teacher) case
learning in working on SD projects.

— Teaching within the SD framework
(Integrated teaching).

A working party of the 1997 Paris Confe-
rence produced a sample “old/ new”
comparative curricula:

OLD NEW
Physical Sciences ................. Modelling
- mathematics — analytical
— physics — computational
~ mechanics — conceptual
— chemistry — systems
~ logic
Natural Sciences ........... Natural systems
— biology - biological cycles

and systems
— geology - geophysical cycles
and systems
Engineering materials ........ Eng. materials
— introduction — introduction

to properties, to properties,
use and production use and production
Communication............. Communication
— written and — negotiation
oral presentations graphics
Strateglc solutions (introduction)

cleaner production

and life cycle management

environment management

systems and tools

resource efficiency

environmental design
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. The Géorgia- Institute - of Technélogy
(USA) 'in 1993 launched' an Institute wide

project to. develop a new curriculum in sus-

tainable development andtechnology. This
has emerged as 'a three-course . sequerice:
Introduction to Sustainable Development;
Case Studies in- Sustainable Development,
and Designing Sustainable Engineering
Systems. ‘Students gain a broad overview of
the concept of sustainability, and the case
study and design courses encourage the use of
decision-making skills in applying the con-
cepts and principles. Key subject areas that
are taught across the curriculum include
ethics and humanity, and thermodynamlcs
and complexuy R :

In 1993, this was a bold step towards a new
approach which has the essentials of inte-
grated teaching; grounding in basic concept
and principles, and student experience in
their design application, supported by case
studies and research. The approach has thor-
oughness and integrity. By comparison, the
fundamental weaknesses in “add-ons” and
adaptive courses are thrown into relief, as al-
so is the need for faculty commitment.

However, as Royal Academy of Enginee-
ring in- the UK has shown, there is more than
one way of approaching the teaching of de-
sign for sustainability. The RAE’s ”Visiting
Professors” scheme brings in senior engi-
neers from industry to work with undergrad-
uate students in design classes. One objective
is to develop teaching materials based on re-
al case studies which will show how engi-
neering principles can be applied to design
products and systems that meet the need of a
sustainable way of life.

Another important development in the UK
is a specification for the core learning agenda
for sustainable development published as a
Government Sustainable Development Edu-
cation Panel position paper. This specifica-
tion is based on a government and engineer-
ing institution supported questionnaire to
engineering faculties on current sustainable
development engineering education practice.



Among other. important curricula initia-
tives is Monash University’s (Melbourne,
Australia) "Context of Engineering”, a new
subject in a new degree which will be com-
mon across four campuses. First year stu-
dents often lack understanding of what engi-
neers actually do, and the environment in
which they work and interact in the commu-
nity. The subject attempts. to show the
breadth and multi-disciplinary nature of en-
gineering, information access and retrieval,
communications (written, oral and visual) e-
conomics, quantity estimating, sustainable
developmernt and: ecology, life cycle assess-
ment, quality control and safety, and ethics.
With introductory lectures, most of the
learning: occurs through tutorials and a
group project which runs through the whole
semester. Students, in groups, develop a pro-
ject brief outlining the important issues to be
dealt with, invitation to tender, two alterna-
tive conceptual designs, a preferred solution
based on sustainability, life cycle, economic,
quality and safety issues, and a final report.

THE INDIVIDUAL TEACHER

Among its recommendations for business,
academic institutions, and the engineering
profession, the Report of the Paris
Conference addressed several recommenda-
tions to the individual teacher to do with
raising both'personal and faculty capacity.

— Disseminating information to colleagues,
and organising fora.

Creating dialogue as a means of promoting
changes of attitude.

— Getting sustainable development onto the
routine agenda for meetings/reviews.

— Raising SD issues with funding agencies,
professional institutions and accreditation
bodies.

— Initiate or participate in university “green-
ing” projects.

— Develop teaching materials and courses
that include SD.

- Plan a university project integrating pre-
ventive environmental strategies in techni-
cal courses.

— Incorporate environmental concerns into
criteria for engineering awards.

- These practical proposals will all help to
develop grasp of concept and fluency in the
integration into teaching. And for the indi-
vidual wishing to develop personal SD liter-
acy, there is now a very large amount of ma-
terial available. A few selected examples:

Concept and philosophy: UN Documents,
Agenda 21, the Conventions, UN Newsletters
and web sites (e.g. The Commission for Sus-
tainable Development), engineering society
policy statements, codes of ethics that now re-
quire engineering involvement in SD etc.

Web sites and data bases: e.g.: The World
Business Council test of Env. Literacy:

http: [fwbcsd.chifoundation.

Sustainability generally. The international
Institute for Sustainable Development:

hutp:/fiisd.ca.

Cleaner Production. UNEP Industry and
Environment. Industrial pollution preven-
tion, environmental technology assessment,
energy efficiency, ozone action. Over 400 re-
ferred case studies on the ICPIC database:

hutp: [fwww.unepie.org

Internet course on sustainable development:

hutp: [fwww.sustainability.com/forcad/sdeng

Unless the one of the primary goals of
teaching is inculcation of attitudes, as well as
communication of new information, new cur-
ricula will not attain potential effectiveness.

CONCLUSIONS

As integrated teaching of sustainable devel-
opment is the teaching of a new engineering
philosophy of development, including com-
munication of attitudes, and new curricula
development, sustainability literacy of whole
faculties is required. The shortness of the
time scale for evolutionary change means that
new tools and principles have to be developed
”as we go”. Since such change bears on both
the professional and the general futures of the
students, there is an argument for co-opera-
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tive student/teacher endeavour in some as-
pects of new curricula development.

There is now a great deal of material avail-
able on the engineering philosophy of sus-
tainable development, and on appropriate
teaching and practice in books, papers, and
web sites. The Paris confererice established a
network providing for periodic updates from
which progress, ideas, and initiatives can be
disseminated. Faculty literdcy is an attain-
able goal. :

The importance of university engineering
research into the application of engineering to
sustainable development cannot be underesti-
mated. "It is no longer admissible to train en-
gineers who ignore the societal consequences
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of the exercise of their engineering skills”
— Fritz Balkau, Principal Officer, UNEP In-
dustry and Environmeént Office, Paris. i
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The information revolution is one of the
most important factor of change for higher e-
ducation and for engineering education. How
to rethink higher engineering education in
the context of post-industrial societies influ-
enced by of a world-wide globalization of
their economy, by also an incontestable eleva-
tion of the knowledge and competency levels
and by a more and more intricate situation of
productive forces, thanks to the huge develop-
ment of the electronic networks? Can we in-
vent and establish new ways of education and
training that can better take into account the
generalized access to specialized information
and knowledge and the world-wide network-
ing? The virtual university is becoming the
key concept to be taken into account now for
the future of higher engineering education.

THE EMERGENCE OF THE INFORMA-
TION TECHNOLOGY AND SOCIETY

The present situation can be characterized
by the emergence of information and commu-
nication in all fields of individual and profes-
sional life. The specialized information . sys-
tems, tools and networks become more and
more important and powerful. Internet is the
most obvious phenomenon of such a revolu-
tion. Governments, companies, local authori-
ties, universities, etc. are now strongly dis-

cussing the need of new information infra-
structures, putting milliards of dollars or EU-
RO in the construction of information super-
highways. They also put emphasis on the
need to develop the ”content industry”. Data
bases, data banks, experts systems, CAE,
CAM, CIM, EDI, CD-ROM, CD-I1, Internet,
Groupware, Websites, Intranet, etc.: engi-
neers, entreprises, educators are really facing a
new situation in which information resources
(whatever the way of accessing them) are be-
coming key resources for the development of
industry, education and society activities.

One can assert today that virtual universities
(and the use of NGIT in education) are not just
a fashion. One can observes a true explosion of
experiments or realizations. For instance, if
one tries to retrieve information on the Web,
requesting Alta Vista to find pages related to
”Virtual University”, one will find more than
hundred thousands of references. More than 20
international electronic mailing lists are entire-
ly devoted to debates on distance education.
More than 30 international conferences were
dedicated to NGIT in higher education during
the year 1998. Such an explosion of realizations
does.not mean that traditional universities will
no more be useful and that only virtual univer-
sities will survive in the future. Nevertheless
one cannot ignore that trend and one has to
better understand what is behind it.
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SOME KEYWORDS LINKED TO NGIT
AND TO VIRTUAL UNIVERSITIES

The use of NGIT in education is not really
new. During the last 20 years, many special-
ists, many educators, tried to find solutions
to a not very well defined: problem (what to-
do with computers and’ information ‘tech-
nologies in_education?). At the same time,

new concepts of edutation- appeared or,, more; -

precisely, were successfully developed and
used as for instance it was the case with dis-
tance education, or also with open learning.
If one tries to clarify such concepts, one can
notice the following items:

— computer aided learning, which can also
be linked with computer aided teaching,
computer aided education (CAL, CAT,
CAE), ...; that concept is often the key-
word for the development and the use of
simulation tools in engineering education

— coursewares (didacticiels in French): many
professors in-technical universities are fas-
cinated by the development of such course-
Wares,'easily available through Internet but
generally ignore the economlc dimension
of the problem;

— self learning (autoformation in French)
which focuses on the free move of the
learners in their learning processes, ac-
cording to their learning profiles or styles;

— distance learning and distance education
which are well represented by the positive
experience of the Open University in UK;

— open and flexible learning (or education)
which puts emphasis of the diversity of the
learning routes (at an individual or at a
more collective level);

~ mediated education (use of NGIT and
multimedia);

— asynchronous learning: the new ”time” di-
mension of education; - interactive learn-
ing that leads to collecﬁve learning
processes;

— cooperative learning (education) which is
‘based on interaction between different
‘groups of people, thanks to NGIT (group-
ware, intranet, electronic forums, ...);

— educational platforms which are the most
advanced tools for the dissemination of in-
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formation and knowledge for educational
purposes at a local or at a worldwide level;

v—ykn}owledge pools (such as for instance ARI-

ADNE in Europe);

— distributed learning environments, inte-
_grating different tools (platforms, knowl-
edge pools, forums, ete);: stk

— and finally virtual universities Wthh are of
different types, according : to therr or1g1n or
to thelr development " e

THE REASONS OF A REVOLUTION:
THE NEW FEATURES BEHIND NGIT

When talking of NGIT, one has generally
in mind “computers” and “telecommunica-
tions” which are only tools and are not so
much different (functionally speaking) from
what are the blackboard or the classroom. If
one wants to better understand the present
revolution behind the use of NGIT in educa-
tion, one must take into account some im-
portant features that characterize the infor-
mation technologies today. Thus, one can
mention:

— the generalized use of the PC, the personal
computer, which is very close to the person,
an intelligent pen, a personal virtual mem-
ory and the key tool for the access to infor-
mation and knowledge;

— the digitization of texts, images and sounds;
any kind of document whatever its original
format or appearance can be simplified in a
given set of digits, 0 and/or 1, exploited,
transfered, reused, ete, at a very low cost
thanks to the digitization;

— the development of huge storage capacrtles
all my personal work -during my ten last
years can be saved on a cheaper and cheap-
er hard disk (6 Go) of my PC;

— in parallel, the development of width-band
communication channels which allows ac-
cess facilities at a very high speed to datas
at a worldwide level or allows the transfer
of huge ameunts of datas;

— the client-server architecture of the com-
puters that has an impact on the distribu-
tion and the sharing of resources;

— the impressive development of electronic



networks, with the fabulous Internet pro-
tocol Tcp/Ip that facilitates the decentral-
ized and universal access to datas or files,
whatever their format; '

—the interesting and succesful development
of hypertext that establishes links between
different documents; hypertext facilitates
navigation, surfing and a new concept of
discovering the global knowledge world;

— intelligent agents for retrieving datas,
searching pertinent information, translat-
ing texts, push technologies, etc., a lot of
new tools that help the people when con-
fronted to the enormous, multllmgual
world wide web;

— Internet, intranet, extranet, groupware, al-
so considered as tools that link people to-
getherand facilitate the electronic commu-
nication (electronic forums and chats, ...).

IMPACT ON PEOPLE AND
ON EDUCATIONAL PROCESSES

It is obvious to say now that NGIT are
changing the way of communicating, think-
ing, working,... being,... and also learning.
Considering more precisely education, what
are the consequences or the impact of the use
of NGIT ? Some are very interesting and ex-
plain certainly why govermnents, but also e-
ducators, are pushing in that direction:

— delocalisation and decentralization, access
to decentralized information and knowl-

ple; one can adapt education (teachning,
learning activities) to personal -learning
styles or profiles, quicker and/or slower;
indivual and collective implications: the
individuals can-develop their own" (inde-
pendent) learning ‘approaches (selflearn-
ing) but one can also explore new ways of
cooperative learning playing on interac-
tions between people;

groupware and collective tools such as
Intranet sites, platforms, etc. are very useful
for sharing rare (and less rare) resources;
new roles facing the use of information:
people can be at the same time user and
producer (produser) ; one learns also when
one produces his or her own information
and knowledge and disseminates it to col-
leagues; - active implication, interactivity;
globalization, internationalization: this is
an interesting dimension one has to men-
tion; one opens a window on the world and
one can learn from a more diversified and
multicultural environment (learning from
the world, from a web withoutfrontiers);

a new citizenship in the information &
knowledge society; one cannot use ‘this
new information environment and learn-
ing facilities without developing new atti-
tudes and ethical values.

DIFFERENT LEVELS OF
IMPLICATION OF UNIVERSITIES

Facing the important development of N-’

edge : from the traditional “one to many”
way of disseminating knowledge, one now
moves towards a much more systemic,
complex, distributed learning environ-
ment;

teleworking, telelearning, etc.: it is no
more pertinent to build huge buildings
and campuses for providing courses to
hundreds or thousands of students; learn-
ing and working at home (or in any
choosen place), having access to decentral-
ized resources, seems to be an unavoidable
trend;

a new time management: one can choose
when one wants to learn something, when
one wants to communicate with other peo-

GIT, universities tried and try to find appro-
priate solutions for integrating these new
tools in their strategy and in their day to day
activities. It is possible to differentiate differ-
ent approaches. Thus, Marcel Goldschmid
(Epfl Lausanne) considers four types of uni-
versities:

— "traditional” universities in which indi-
vidual independent initiatives constitute
the unique strategy, d traditional teaching
approach with new electronic textbooks;
”exploring” universities in which individ-
ual initiatives are combined with institu-
tional experiences at a given university-lev-
el, with more structured projects (often
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with external financial support for these
projects); ' ‘

— "innovative” universities which believe
firmly in NGIT and promote innovative
usages of these technologies, with more
_systematic approaches and with the devel-
opment of educational plates-forms;

— true “virtual” universities, developing
global projects, created as new institutions
for which the extensive use of NGIT con-
-stitute managerial and strategical issues
(this is for instance the case of the new
West Governors University in the USA).

One can also ranked the present experiences
on a scale with four levels of development:

— level 0: NGIT are used as pure audiovisual
tools; .one delivers traditional courses
through the use of Internet tools (html text-
books, images for film in education, etc.);

— level I: towards a global educational sce-
nario: electronic texts, interactivity, assess-
ment procedures, etc., a new interactive en-
cyclopedia, open on the world, created and
developed by disciplinary teams in given
domains (an example can be founded at EN-
PC, with the courses on urban hydraulics);

— level 2: development of innovative approach-
es based on integrated contributions (differ-
ent specialists working on a global project):
content, information technologies, peda-
gogy, communication and management;
one moves towards new concepts {educa-
tional platforms, knowledge pools, ...);

— level 3: towards true virtual universities
with the creation of new consortia, decen-
tralized units, cooperative work, resources
centres: a new vision on education manage-
ment for the future.

NGIT USED FOR WHAT
OR ON WHICH COMPONENT?

If one examines more in detail the various
present experiences in higher education, one
can say that NGIT can be used in four differ-
ent domains or areas or for four different pur-
poses (independantly considered or com-
bined):
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— application to knowledge, content or sub-
ject development: hypertext, courseware,

electronic textbook; the knowledge con-
tent is redesigned (thanks to NGIT) but it
can also be unchanged;

using NGIT for stimulating people rela-
tions or interactions: electronic tutoring,
learning communities, global interactive
learning strategies; the principle and sys-
tem of interactions between people is re-
designed (through the use of NGIT) but
can also be unchanged;

the institutional component as such, with

- creation of new institutions, partnership,

integration of various resources, develop-
ment of integrated platforms and knowl-
edge pools, development of networks, con-
sortia ; one can consider situations with no
subtantial changes in that domain or, on a
contrary, with totally redesigned struc-
tures (for a more systematic use of NGIT
in higher education);

strategical and managerial issues, global
projects for new open flexible learning en-
vironments with the possibility to enter
new educational markets (life long learn-
ing, worldwide knowledge industry,...).

These four domains or areas can also be

viewed or analyzed as:

— editorial issues: editing and publishing

new course material for instance;

— educational issues with emphasis on new

learning methods and on pedagogy related
to the use of NGIT;

— communication issues with the develop- -

ment of learning communities and of in-
teractive learning processes;

— entrepreneurial issues: new educational

projects such as platforms, a vision of new
educational markets.

VIRTUAL YES, BUT |
WHAT CAN BE "VIRTUALIZED?

When using NGIT in higher education,

when talking of virtual universities, one can-
not avoid to debate the "what” can be virtu-
alized. Thus, one can consider the different



items, which can be independantly or inte-
gratively virtualized:

a) PEOPLE: '

— the individual learner (being not nec-
essary present.on the traditional cam-
pus) -

~ different groups, subgroups or meta-
groups of learners, with the possibility
to set-up temporary virtual groups, clo-

" sed or open groups , mixed groups, etc.

— the individual teacher (provider of ed-
ucational resources) — different groups
of teachers and new virtual teams

— tutors and other contributing people
(from industry, from other coun-
tries,...)

b) CONTENT:

— the disciplinary subjects (at different
levels of analysis: elementary lecture,
module, full course,...)

— the curriculum itself (flexible or not)

— the peripheric content (other knowl-
edge inputs from outside,...)

¢) EVALUATION PROCEDURES:

— formative evaluation (virtual tests at a
distance,...) — summative evaluation
(virtual exams,...)

+ — assesment of courses
d) LOGISTIC:

- softwares, computing resources

— coursewares -

— electronic libraries

¢) ADMINISTRATION: _
~ — selection and enrollment of students -
registration

— fees management :

) THE GLOBAL ENVIRONMENT:

— virtual campus

— facilities (transport, accomodation, fi-
nancing,.. ). .

WHO IS CONCERNED
BY THE DEVELOPMENT
OF VIRTUAL UNIVERSITIES?

It is interesting to notice that the use of
NGIT in higher education leads to new per-
spectives in the management of universities
and in the cooperation between different

groups of people. Thus, when moving towards
virtual universities, one has to consider the
specific input of the following partners:

— the computing centre and its specialists

— the librarians, the information manage-
ment experts - teachers, professors, as con-
tent experts ‘

- educational specialists (pedagogy, use of
NGIT in education,...)

— communication professionals - editors,
publishers, press specialists - motivated in-
novators, whatever their domain of inno-
vation

- project ‘managers or leaders - people from
outside the University (tutors from indus-
1y, ...)

— the learners themselves.

It seems important to say here that most
authors and experts consider important to set
up ad-hoc multidisciplinary teams for the ef-
ficient development of virtual universities.

THE OBSTACLES, THE DIFFICUL-
TIES, THE PROBLEMS TO SOLVE

In many recent international conferences
debating the question of virtual universities
and the use of NGIT in higher (engineering)
education, people point out some serious
problems which need efforts to be solved.

Thus: -

— the lack of appropriate equipment : this is
true, but not a serious reason for deciding
not to do anything ; however the problem
appears when one moves from slight ex-
periments (a simple electronic textbook) to
much more advanced projects (creation of
global learning environments);

— another problem related to equipment is
what is called now the ”logistic” crisis
(how to maintain correctly the function-
ning of all the electronic environment?);

— the lack of "mediacy” (especially for pro-
fessors of a certain age or generation) ; this
is a true and serious reason ; one has to set-
up policies which can help people in that
domain (sensibilization, formation, etc.);
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— the lack of vision and strategy of the top
level management, the managerial misun-
derstanding of what is happening now and
of the new worldwide educational market;

— the economical problem: one needs fresh

.-money for investing.in appropriate re-
sources centres, for paying creators who do
not teach but are entering this new educa-
tional market, money also for maintaining
and developing tools and contents;

— the intellectual property problem for indi-
viduals who want to create new course-
wares but will have few returns on invest-
ment, problems also for educational com-

'munities who will be obliged to pay so
much for-accessing some licensed resources
(risk of monopoly);

— the difficulty to cooperate at national and

international levels, especially if one needs

“to establish ‘efficient consortia (are tradi-
tional professors able to cooperate on such
new projects?);

— some existing rules (as for instance accred—
itation procedures in engineering educa-
tion in some countries) which are not com-
patible with the'new openess and flexibili-
ty. offered by NGIT. - :

NGIT AND VIRTUAL UNIVERSITIES:
SOME CONCRETE PROPOSALS

To help educators and umversmes to enter
the new information society, one can suggest
some very simple proposals:

—to -multiply and to support conferences,
seminars, and workshops devoted to that
issue helping people to better.understand
what is happening now; this is important
for convincing top-level managers. of uni-
versities to define.appropriate strategies;

— to promote interesting experiences through
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traditional channels as well as through
Internet; one needs to better know what are
the most interesting tendencies, the suc-
cessful projects;

— to assess advanced succesful reahzations
through traditional procedures as well as
through new approaches of evaluation and
assesment;

— to involve industry in educat10nal projects,
with the purpose. to find money for a long
term succesful development of NGIT in
higher education; industry can be interest-

_ed by projects dedicated to life long learn-
ing;

~ to sensibilize, educate and train teachers,
professors, for a better use of NGIT and for
the creation of electronic resources (course-
wares, electronic content to be put on plat-
forms or in knowledge pools,...);

— to develop, incitement procedures within
universities for stimulating the creation of
new educational projects based on the use
of NGIT;

- to 1mp11cate students and young people in
the development of new projects: the “web
generation” is strongly pushing.

Who would have thought, in 1747, when
one founded the Ecole Royale des Ponts et
Chaussees in Paris, with the purpose to educa-
te and train the French civil engineers, that
two and a half centuries latter, people would
communicate through-satellites or optical fi-
bers, would fly over oceans and continents,
would cross the Channel using their own car
or a fast train (TGV)? Would Diderot, the ed-
itor of the French Encyclopedia, have imagi-
ned just before the French Revolution that the
numerous volumes of his work would be con-
tained on a small CD-ROM and have become
a testimony of the information revolution?
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‘The Knowledge Engineer
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SUMMARY: The globalization process leads to the birth of the information society. According
to the author a layer of persons engaged in the management of information, so-called “knowl-
edge engineers” will develop in the information society. This layer will also include the engi-
neers of the present day and its importance will be upgraded substantially. The training of en-
gineers will undergo fundamental changes as a result of the above-mentioned process and in-
formation infrastructure making its way into the system of tools of education. It is necessary to
anticipate future changes in developing the engineer training institutions of the present.

KEYWORDS: Engineer — Globalization — Information Society — Knowledge Enginecer

~ University

1. The main topic of the conference: the im-
pact of globalization on the engineering edu-
cation and practice. However, we will start the
analysis one layer "higher” by inspecting how
the role of engineers will change in the infor-
mation society. This is necessary, because
globalization is only the first strong sign of
the society of the future: the information so-
ciety. Globalization is rooted in the potential
for fast processing of large volumes of finan-
cial, business and cultural data, transfer of the
same via telecommunications - in other words
worldwide communication - as well as the fast
and relatively inexpensive movement of per-
sons and goods. Thus, it is purposeful to ex-
pand the topic of the survey, if we are truly in-
terested in- near-future impacts, and try to
find the joint impacts of this widened do-
main. The question is what impact will the in-
formation society have on engineers? ’

2. In order to have a look at the most gen-
eral change of the existence of engineers let’s

define the meaning of the word engineer. The
word comes from the Old-French engine o-
riginating from the Latin word ingenium
having the meaning of “natural ability, skill,
talent”. The engineer is the person having
knowledge about nature as well as skills for
successfully maneuvering and managing
himself and the "world-segment” under his
influence.

The Hungarian language offers further de-
tails on activities of the engineer. The
Hungarian word engineer (mérndk) also ex-
presses that the engineer is a person measur-
ing, that is quantifying phenomena, forming
models of the existing world with the help of
such quantified information, make projec-
tions and influence the progress of the world
by employing the tools at his disposal. (It has
to be mentioned that in Hungary - from a his-
torical point of view - the word engineer de-
veloped by reference to the work of the land
surveyor” engineer.) The special branches of
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engineering were created depending on
which ”part” of the world was measured,
modeled or quantified by the engineer:
chemical-, civil-, hydraulic-, marine-, me-
chanical-, statical engineer.

In respect of the ”scope of knowledge” rep-
resented engineers differ from: one another,
but their methods, way of thinking and mod-
eling abilities are similar in spite of that en-
gineers acquire their knowledge at different
faculties in today’s modern universities.

3. The information society - based on digi-
talization, in other words “reception”, pro-
cessing and transferring the world’s measur-
able quantities in an identical manner - will
be the society of knowledge relying on mea-
surable information, where the inter-connec-
tion and sub- or super-ordination of persons,
social strata and countries will be deter-
mined by their relation with information.
Information about the world (theoretically
all information), as well as the vast majority
of (algorithmic) processes making possible
their arrangement and “compilation” will be
(theoretically) available for anyone on the
”information web”. The question is how to
find the necessary information and methods
for their processing, and - this being the real
issue of excellence - how will we able to link
those in a new and unusual manner.

In this respect each member of industrial,

business, legal and scientific societies, as
well as providers of servicer will become
“engineers”, what is more knowledge erigi-
neers”, whose work will consist in large part
from organizing, processing, complement-
ing, and transferring such information.
Thus, the engineer of the present day oper-
ating in various fields will become some-
what like a universal "knowledge engineer”
but the most outstanding players will show
increasing differentiation, because they will
require the ability to find much more di-
verse special "knowledge”.

In this sense the broad notion of "knowl-
edge engineer” will come into existence to
become a layer of key importance, because:
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— this layer will know the most about nature,
and have the ability to handle global envi-
ronmental problems,

— the world surrounding us can be viewed
ever increasingly as an “artificial world”
created by the work of this layer,

— the extensive and complex models of this

~"layer will lead to finding a solution for

many problems in the society, health care,
etc.

It has to be recognized that the “knowl-
edge engineer” of the future is not simply the
child of today’s engineer and IT specialist.
Many economists, medics, service providers
and producers will also be part of the process.
Even the vast majority of artists. In other
words everyone engaged in intellectual activ-
ities, that is working with “knowledge”.

4. A whole range of issues are raised by the
(higher) education of new engineer types. It
will surely require long discussions and a
long period of time to think these over, and
to deduct and adapt consequences of the
same in the training of engineers. The no-
tions have not yet been formulated, the in-
formation society is under development and
the conservative attitude of higher education
also doesn’t facilitate the process. At the
same time we should not forget that global-
ization coincides with the increasing mobili-
ty of students and teachers (we will refer to
this hereunder). This also means that parts
of the world, where concrete experiments are
started sooner and in a more dynamic form
have a better chance for educating the ”glob-
al elite” or having global competence centers
established.

In the presentation I would like to list some
key points of expected changes and conse-
quences of the same.

First of all the education of “knowledge en-
gineers” will be mass education. Countless
persons standing on the continuous spectrum
of knowledge and skills will want to use it,
because the available knowledge will lead di-
rectly to their happiness and work opportuni-
ties. At the university they will have to deal



with the joint but altering speed and depth
training of high numbers of youth at differ-
ent levels of progress. This will require new
type of teachers, teaching tools, and curricu-
la. Tele-learning methods - based on individ-
ual learning - are also expected to spread.

Higher education is the ticket to a job the
relation of teacher-student. (the word-by-
word translation of the latter Hungarian
word would be ”listener” that is the one who
listens and accepts knowledge passively)
transforms into supplier-client relation. The
student intends to buy competitive knowl-
edge (wherever that can be found at the high-
est quality for the most favorable price).

The hallmark of knowledge will be its use-
fulness, thus learning can be viewed as anin-
vestment one has to pay for and will pay for.
(This issue will become a question of calcu-
lation.) Social-level learning will not be fi-
nanceable without the above-mentioned so-

~cial contribution. At the same time it will be

the role of the state to eénsure financial con-
structions (loans, scholarships, social fund-
ing, aimed support) which can make educa-
tion available for wide strata of society (the
poor, future workers of low-paid jobs, etc.)
and which can facilitate the generation of
sizable funds for excellence-training.

The vast majority of jobs - even if created
under a national framework and becoming
work performed at home by making use of
the opportunities of teleworking - will be
connected to transnational companies. This
means that the University should provide
preparation for international cooperation in
a world where the majority of products and
services are assembled in team work from
ready-made knowledge, component, and
procedure “capsules”. It is thus necessary to
know the customs of team work, coopera-
tion, use of standards, and quality guaran-
teed in itself not to mention international
communication and efficiency being present
everywhere in activities.

One has to prepare for Humboldt’s closed
science theory to dissolve. Social magnitude

scientific and technological research - sup-
ported with IT tools - produce results on the
large-scale as well as creating new and even
newer areas of science. For this reason - and
because the lexical knowledge achieved will
be accessible on the information network - it
will be necessary to develop the ability of
higher education that makes man capable of
understanding the “whole” and accepting
continuous change.

The relation of higher education - and
work - is becoming closer with the tools of
information technology. Their use requires
not only technical skills, but a new way of
thinking and new planning techniques.
Acquisition of the ”new literacy” will be a
basic requirement at the new university.

In addition to the above there will be
changes that are administered in the struc-
ture of the university because information
technology elbow out and replace a whole
line of earlier techniques and methods.

In the next point we will take a look at
some of these expectable changes.

5. First of all the role of the university as a
library containing up-to-date knowledge will
undergo a change. Rapidly changing dynam-
ic knowledge will not be locked away in. pa-
per-based libraries or at a central place (this
is quite rare), but it.will be accessible from
the network available everywhere. It will not
be necessary to visit the university physical-
ly to access such knowledge.

The task of the teacher will become highly
polarized: the two main poles will be the pro-
ducer of study materials and the facilitator
making possible studying in person. Of
course it need not to be mentioned that these
(especially the former one) do not require
meeting the student at any concrete geo-
graphical location. Similarly to how present-
day film stars and media starts are becoming
increasingly independent from the film com-
pany and TV station the "teacher star” of the
future (excellent lecturers) will become inde-
pendent from university or country and be-
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come a commodity of high quality, who ap-
pear at times here and at times there in per-
son ‘at conferences (having high attendance)
or digital media forms.

The technology of virtual reality, as a high-
ly effective modeling tool will take over the
role of workshop. The exhausting creation of
an experimental environment.and the tire-
some work of making a freehand drawing can
be replaced by diverse parameter experiments
made with highly effective models and enable
better “reception” of overall processes.

The allocation of the same planning - pro-
duction - distribution process on the network
will result the establishment of international
research collectives without requiring a sin-
gle physical location. In such a sense social-
ization, the field of ”joint” work will also be-
come virtual. Of course filling this complex
framework with content (and filling it over
and over again) and its organization requires
much care. This role will be played by the u-
hiversity - being a totally new institute in
outward appearance, role and functions.

Communication on information networks

decreases the importance of time and space

but people will continue to reside at geograph-
ical locations (possibly in nation-state or other
social organization). Thus, it is-expected that
the hierarchy of university will be created:
There will be some educating the leading
global intelligentsia. There will be ones man-
aging regions, and there will be many training
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average “knowledge engineers”. The position-
ing and hierarchy of the universities not yet
existing will also be significantly dependent
on when each country and university will rec-
ognize the start and direction of changes, and
how they will adapt to-those. - :

6. Finally, let me present.-to you possibly
the most important thought of the study. The
engineers of the present day makes prepara-
tions under the framework of nation-states al-
so acquiring knowledge on how they can be-
come a useful citizen of their nation - loyal to
the values of the same. In a global world, the
world of huge transnational companies and
financial institutions over-bridging coun-
tries, in the world of global mobility univer-
sities must create a new ethos and generate a
new sense of responsibility, which points be-
yond nation-states.

The fate of the entire planet will be in the
hands of the new knowledge engineers.
However, universal limits and behavior stan-
dard are not (yet) available. It still depends on
them how we handle atomic or nuclear ener-
gy, how we “consume” our environment,
whether or not we leave the majority of the
planet’s population in poverty, and how we
manipulate our human existence (genetic
surgery, digital media.) In order for the glob-
al world to take its role as step in the direction
of progress in human history the "knowledge
engineer” of the new age must learn global re-
sponsibility-and values, and the methods for
acquiring the same.
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IMPORTANGE OF THE DEVELDPMENT OF THE ENEINEE-
RING EDUGATION FOR QUALITY IN GLOBAL EGONOMY
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SUMMARY: So called quality management is an integral part of all useful management sys-
tems aimed to the high customers and stakeholder’s satisfaction. There is no doubt that mod-
ern universities need also modern management system, including quality management. An
international standards ISO 9000 family can serve as basic approach for quality management
systems building within industrial sphere. But these standards don’t seem to be suitable
starting point for creation of quality management at universities. This type of educational in-
stitutions asks for special model of quality management system.

KEYWORDS: Quality Management — Engineering Education — European Quality Charter
— European Model TQM

To achieve total involvement in the field of
the quality which is the condition for further
progress and competition, European public
authorities (EU, EOQ, EFQM...) signed the
European Quality Charter in Paris in October
1998. Quality: An advantage for Europe in in-
ternational competition.

THE REASONS

In a global economy, competition is all
around us. To win, European products and
services have to be the best — the best if our
Continent is to have a chance on the interna-
tional market. Quality has become the key to
competitiveness.

1. Today it 1s quality that will attract business-
es. Quality is an organisational excellence ob-

jective. Quality is also a methodology and a
way of promoting people’s active participa-
tion based on the involvement and responsi-
bility of each individual. Quality is:

- an objective because, to be competitive,.or-
ganisations must respond precisely to the
needs and expectations of customers and
users.

— a methodology that promotes participation
because one cannot ask total commitment
from people without, at the same time, de-
veloping the appropriate working environ-
ment. Quality also implies motivation and
responsibility, and thus an organisation, its
behaviour and methodologies must be based
on initiative and concern for the customer.

2. Quality is a priority. Quality is an indis-
putable measure of efficiency (non-quality
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results in a waste of resources estimated at
hundreds of billions of Euros per year). By
reducing costs, engaging people’s imagina-
tion, promoting innovation, renewing the or-
ganisation and encouraging initiative, quali-
ty becomes the driving force for competitive-
ness-and thus of employment. But economic
compentlon always demands that organisa-
tions do more and better. Quality must be a
priority for everyone for all time.

3. No quality without solidarity: complete in-
volvement. In our complex organisations,
quality is inseparable from solidarity. Quality
concerns all the functions of, and every indi-
vidual in the organisation. It concerns all sec-
tors (industrial, commercial, craft, or service)
of all sizes. It also concerns public services
such as the civil service. There can be no
quality without an’ environment of quality.
The “chain-of-quality” unites and links all
the economic and social players. Quality is
thus the concern of everyone and demands
that everyone has to be involved.

COMMITMENT OF THE EURO-
PEAN PLAYERS :

To achieve this total involvement, which is
the condition for further progress, public au-
thorities, professional and consulting organ-
isations have decided to sign a European
Quality Charter that commits them to act.

THE SIGNATORIES UNDERTAKE TO:

- Promote- a general quality approach in

businesses and the public sector.

— Develop the teaching of quality at all levels
of education, from elementary to hlgher e-
ducation.

— Develop current thinking on quahty meth-
ods and tools and make it more accessible
to everyone.

— Actively partlclpate in the dlssemmauon
of quality experiences.

~ Promote the quality image of Europe abroad.

— Endeavour throughout the year to achleve
new quality progress.
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— Beinvolved in the European Quality Week
(in November each year), in order to report
on the activities held, current initiatives
and future projects.

One of the most 1mp0rtant undertakes of
thlS ‘Charter is: To develop the teaching of qual-

“ity at all levels of education, from elementary to
. _hzgher educatwn

The Department of Quahty Management
TU Ostrava in the Czech Republic is partly
engaged in solving this activity. Let me pre-
sent one of the results that our team has ob-
tained while working on this special pro;ect
aimed at the feasibility study concerning
quality assurance at universities.

A present trend in educational organisa-
tions aims at to quality management system
implementation similarly as in industrial
sphere before. This type of educational insti-
tution, however, asks for a special model of
quality management system. We are sure that
Czech universities are in a bad need of such
kind of management model too. Therefore,
our team has tried to solve this problem. To
build this model we were inspired by a well-
known Total Quality Management philoso-
phy and principles especially by the so called
The European Model for TQM worked out
by the European' Foundation for Quality
Management (EFQM) at the beginning of
the 1999s v

This EFQM Model is determmed namely
to the industrial sphere and it was necessary
to transform it into the model suitable for e-
ducation. (Fig. 1.)

This proposed basic model of quality man-
agement at universities has the followmg key
modules:

MI - University leadership

M2 — People management

M3 — Data management

M4 — Process management

MS ~ Student’s satisfaction

M6 — Stakeholder’s satisfaction
‘M7 — University results



RESULTS

ENABLERS
- > »
management.: " satisfaction: .| |
Ml M4 M7
University lead- Process University
ership management ‘results
M3 M6
Data Stakeholder’s
management satisfaction

We see the modules from M1 to M4 as en-
ablers, the modules from M5 to M7 are re-
sults similarly as in TQM Model.

M1 — aimes at university top administra-
tors’ leadership and involvement in creating
and sustaining a student focus, clear targets,
expectations and a management style that
promotes performance excellence.

M2 — People management category aims at
the university staff development, the build-
ing and maintaining climate conductive to
performance excellence, etc. This factor is, in
my opinion, one of the most important items
in QS building.

M3 — Module 3 asks for the management
and efficiency of use data and information to
support overall university performance in-
cluding education.

M4 — The area of process management at
universities cover educational and business
activities, for example learning-focused edu-
cation and courses, school services, business
operations, €tc.

Fig. 1. The basic model of university quality management approach

MS5 — This module is focused on student’s
satisfaction because they are the most impor-
tant customers.

M6 — University must co-operate.and com-
municate with all relevant stakeholders
(companies, state and regional authorities,
parents, etc.). The level of stakeholder’s sat-
isfaction shall be monitored of course.

M7 — Module 7 covers student’s perfor-
mance and improvement, performance of u-
niversity business processes and bench-
marking with other school (including ab-
road).

We suppose that this model described
above could be a powerful tool for all univer-
sity administrators. I hope that you will a-
gree with me that these people must be, first
of all, very good managers.
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Denmark

oteering and Quality Gontrol at Engineering Edu-
cation Institutions. The International Dimension'

Prof. Hans Peter Fensen,

Rector of the Technical University of Denmark (DTU)

SUMMARY: The Paper addresses the question of International Quality Control in Relation »
to Engineering Education. The paper suggests that in times of Globalization of Education
and Increased Mobility of the Graduates institutions must be prepared to participate in
International Evaluations of their Educational Programmes. The author suggests that insti-
tutions on a voluntary basis participate in evaluations in the form of Benchmarking which
can be an answer to the demands of comparability of engineering institutions.

INTERNATIONAL PROSPECTS

It is part of a natural progression for the in-
stitutions in Denmark offering engineering
degree programmes to increase their collabo-
ration with universities and engineering col-
leges’ abroad in the future. Although the na-
tional evaluation systems are greatly benefi-
cial, an assessment of the educational value
of these degree programmes may be prob-
lematic due to the small number of institu-
tions. Until recently, only two Danish uni-
versities (Aalborg University and the
Technical University of Denmark) offered a
master’s degree programme in engineering.
Although the evaluation system is interde-
partmental and includes both engineering
programmes (undergraduate and master’s), I
remain convinced that there is a need for col-
laboration across national borders.

1 Thepaper is partly a rewrite of the concluding remarks in an article
submitted to the International Fournal of Engineering Education
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However, the number of institutions
should not be the most important reason for
setting up an international evaluation sys-
tem. In the light of the increased mobility of
highly educated workers on a global level, e-
ducational institutions in most parts of the
world will have to prepare for a future in
which they will to an increasing degree be
compared not to their own country’s institu-
tions, but to institutions in other nations.

At the same time, we are experiencing a
rising demand from students and the busi-
ness community that degree programmes be
internationalised; students also want a sys-
tem where they can transfer academic credit
for courses they have taken abroad back to
their “home” institution. At a time when a
number of Western European countries es-
pecially are experiencing a decline in student
applications for admission to educational
programmes in the natural sciences and
technology, internationalisation is also one
way the door can be opened to students from



abroad. However, this is possible only if the
quality of the engineering education provid-
ed to international students can be ensured.

In order to tackle these challenges, univer-
sities and other institutions of higher learn-
ing will have to work towards methods of e-
valuating educational programmes across na-
tional borders so that they can continue to
improve the quality of the engineering de-
gree programmes they offer.

In addition to the quality management as-
pect, international evaluation will also pre-
sent an opportunity for co-operation in other
areas of engineering education. The result-
ing familiarity with the curricula and studies
structure of institutions in other countries
will make it easy to approve student wishes
to receive academic credit for study abroad,
and it will certainly promote mobility among
students. Universities will be able to provide
better guidance to students wishing to study
abroad so that what students end up choos-
ing also fulfils their expectations. Students
can then also expect to complete their stud-
ies without unfortunate delays due to non-
transferability of academic credit from uni-
versities abroad.

An increased mobility of master’s-pro-
gramme students will presumably also have
an effect on the mobility of doctoral students.
Doctoral students will have formed research
and social networks with their fellow stu-
dents and researchers at the university where
they earned their master’s degree, and will
thus have a better chance of success during
their stay at a university in another country.

Such efforts will be a natural extension of
the international collaborations traditional
in research and development in the engi-
neering sciences. As the fields of engineering
research become more complex, we have
seen a development towards an increasingly
international orientation in research collabo-
rations. This trend should also be reflected
in the educational collaboration among uni-
versities. This does not mean that universi-
ties or engineering colleges should be identi-

cal or offer the same educational program-
mes, nor should universities offer the same
selection of fields of study. Universities must
endeavour to work together, each within its
areas of specialisation, towards a goal of pro-
viding the highest level of education — also
internationally — for engineering students,
whatever their field of study.

As regards international co-operation, it is
not realistic to expect that all institutions of-
fering engineering education within a specif-
ic field should be evaluated together. One re-
alistic solution is for universities, through
recognised international collaborative organ-
isations, to establish general guidelines for
how a university can voluntarily implement
benchmarking in collaboration with selected
comparable sister institutions abroad.

BENCHMARKING

The nature of universities as educational
institutions makes it necessary for such com-
parison to be more than a simple copy of the
quantitative methods of measurement used
in benchmarking in the business world.
When a university performs poorly, the con-
sequences are not necessarily that it is out-
competed or forced to move the production
to another country - contrary to what can
happen with private-sector companies, for
which benchmarking was originally de-
signed. Bad performance means first and
foremost that the university produces low-
quality engineers and inferior scientific re-
search. As a result, the main focus in bench-
marking at universities must be on develop-
ment and improvement. Benchmarking is a
specific challenge for universities for the fol-
lowing reasons:

~ Their core services (research -and educa-
tion) produce unique results with a very
long delivery time.

— Many universities may have almost a na-
tional monopoly on the education they
provide, and they educate primarily for
their domestic market”. This means that
they cannot use measurements of customer
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satisfaction, salaries earned by graduates,
: unemployment, etc. for purposes of com-
parison.

—'Competition does exist on the research side,
but possible central measuring criteria may
10 a certain extent lie outside the control of
a university. DTU’s ability to recruit re-
searchers, for example, depends very much
on Danish tax policy and how attractive
Copenhagen is as a place to live: neither of
these ‘things presumably say very much
about DTU as an educational institution.

~ Universities are driven by supply. They
supply the services for which they receive
money-or from which they can earn money
by supplying. When DTU spends a certain
amount of money on education, it is pri-

““marily as a result of the state fundmg that
follows each student admitted.

It must be emphasised that universities
should not imiplement benchmarking within
the borders of a single country. Firstly, uni-
versities in smaller countries often have close
to a monopoly in-one or more field and thus
aunique obligation: this makes it difficult to
compare the institutions on a national level
only. Secondly, benchmarking implies com-
paring oneself with one’s best competitors,
and a university: should never be satisfied
simply to be the best in the country.

For universities, three types of bench-
marking seem at first glance to be the most
relevant, either separately or in combination
with one or more of the others:

1. Key figures. Figures and other quantita-
tive indicators of central importance can be
carefully selected and an attempt is made to
compare them. ,

Advantages: This lives up to the wide-
spread perception that comparing something
statistical automatically gives it some kind of
objectivity. However, it would be relatively
interesting to compare a number of statis-
tics: faculty/staff and staff/student ratios,
number of square metres per student or staff
member, non-governmental research fund-
ing, publications and others.
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Disadvantages: Relevant statistics are diffi-
cult to find: the important things simply
cannot be measured. Differences in starting
points, etc. would make comparison very dif-
ficult, and it would be possible to come up
with an explanation for any result obrained.
The numbers would put the focus on less im-
portant factors.’

2. Peer reviews. A peer review system could
be used. Let researchers and professors from
recognised universities evaluate the quality,
contént and organisation of, for example, re-
search groups or educational programmes.

Advantages If good evaluators are selected,
universities will benefit from relevant contri-
butions to their improvement and, not least,
inspiration to do things better (which is cer-
tainly the main idea behind benchmarking).
The technical approach - experts looking
through the lens of their area of expertise —
will give their results a great deal of credibili-
ty. Evaluations will generally be constructive.

Disadvantages: This method is costly and
slow. The technical approach requires a rela-
tively precise and detailed look at individual
subject areas or educational programmes,
which means that it would hardly be possible
to evaluate an entire ‘university at once.
Results are difficult to evaluate and compare
W1th others ‘ :

3. Quahty and management systems. Evalu-
ation focuses on ensuring quality and man-
agement. In other words, for example, quali-
ty and management systems are described
and. compared, but the primary focus is not
on the results of this process. The idea is thus
to énsure. that teaching is evaluated and to
look at how it is done, but not to consider the
results produced by the evaluation process.

Advantages: The focus on management and
qualityyis oriented towards change and more
than simply a description of the status quo.
These areas can presumably: better be com-
pared and evaluated than the purely techni-
cal side. The focus is on the process and di-
rectly on changes and quality improvement.



Disadvantages: Perhaps this does not quite
live up to the expectations of the world out-
side, which expects an explanation of how

well universities perform these tasks. The -

danger may lie in a tendency for this focus to
move away from the research groups and

thus perhaps also away.{ from the core serv1ces -

of universities:

Internanonal evaluation‘ under such a
framework might promote the ‘collaboration
already existing between many universities
without strangling it in a formal structure.
This would help promote internationalisa-
tion in our particular area of education,
which is necessary if engineering education
is to continue to produce graduates with
both technical and human qualifications cor-
responding to the needs of society and tech-
nological advancement..

CONCLUSION

Seen from my point of view, there is no
doubt that an evaluation of education and e-
ducational programmes performed in a me-
thodical and politically sensible manner can
help contribute to an improvement of the
quality of engineering education.

From an international point of view, there
is no doubt that there should be internation-
al co-operation in the field of quality man-
agement of engineering education; not only
in countries with a small number of educa-
tional institutions, but for engineering educa-
tion in general all over the world. We should
not attempt to construct a single, huge and
complex system for inter-institutional evalu-
ation and comparison for the purpose of ac-

crediting educational programmes across na-
tional borders. Such a system would not only
be extremely costly — a factor which is pro-
hibitive in itself — but it would also build up
so much inertia that instead of promoting
change and 1mprovement, it Would brmg

: progress to.a halt

Quahty management on an 1nternat10nal

:ﬁ'lcvel should be based: on goal- onented and
! yoluntary collaboration’between institutions

working together to shed light on develop-
ment activities and teaching standards. This
kind of collaboration should be promoted
with a view to the opportunities for develop-
ment and the exchange of ideas and compe-
tencies and in order to help students prepare
for the challenge of rising competition for
jobs, whether they wish to work at education-
al-institutions as researchers and teachers or
in the corporate sector as practising engineers.

The most important point in connection
with the evaluation and quality management
of engineering education is that their chief
purpose must never be lost from view: devel-
opment in the direction of better and mod-
ern educational programmes which ensure
that educational institutions can continue to
recruit students and provide them with a
high standard of engineering education.

If educational institutions and authorities
simply use evaluation as a guideline for the
allocation of resources or rights, the result
may be that these institutions begin plan-
ning on the basis of what is more profitable
in the short term rather than on the basis of
what is best for the engineering profession
from a professional standards and education-
al point of view.
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Materials Science Education Network: a Tool
for PI‘IIIIIII“_II!I Monbility of Students in Europe

Dr. Pdl Tardy,
Vice President, MTESZ, Hungary

SUMMARY: Using Phare grant a database containing description and parameters ‘of
European universities educating materials science has been built up. The objective of the
database was to provide information on education and research programmes of universities
throughout Europe and so to promote the mobility of students and young scientists. The
database contains information on curricula, available degrees, infrastructure, staff, laborato-
ries, admission requirements, etc. of about 400 educational institutions. The database was
made by 5 scientific societies from Western and Central Europe.

KEY\WORDS Materials Sience — Universities — Study Programmes — PhD Programmes
— Education Network — Mobility of Students

INTRODUCTION

Materials science is a truly interdisciplinary
subject, incorporating and interacting with
most engineering and science disciplines.
Traditionally, education in materials science
has therefore been organised within the frame
of the classical engineering and science disci-
plines. However, over the past 20 years, inde-
pendent materials science departments have
gradually grown in the universities of most
European countries, inducing a variety of dif-
ferent characteristic national “features” in
both education and research. Today, as a re-
sult, there is a broad spectrum of subjects of-
fered by universities and institutions.

This wide choice of opportunities is very
often confusing for students and young re-
searchers. On European scale, they find an
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even greater variety of disciplines, curricula,
degrees, etc. The way in which young re-
searchers perceive personal involvement in.
any international cooperation depends on in-
formation formed at an early stage of their e-
ducational development. Therefore *mobili-

” should be encouraged before graduation.
The first prerequisite for mobility is informa-
tion on possibilities. Information on relevant
opportunities must then include details of
curricula and on their compatibility with the
student’s personal professional development
and financial considerations.

To solve these problems five members of
the Federation of European Materials Socie-
ties (FEMS) formed a Working Group and
exploiting the possibility provided by an EU
grant in the Human Capital and Mobility
Program have built up a database, called Eu-



ropean- Materials ' Science . Education ; Network
(MatNet). The Network is-available .on Inter-
net since 1997 and ~ as-it will -be demonstrat-
ed-is w1de1y used by students and young re-
searchers smce then » s j

CHNERAL DESCRIPEION. o)
OF THE NETWORK: . © -

In the EU project for building.up MatNet
the followinig materials- related soc1et1es were
mvolved o »

o The ?Deu-ts'che,. Gesellschaft. fiir -Material-
kunde (DGM) as coordinator, the Institute of
Materials (IOM), the Société Francaise de
Métallurgie et de Matériaux (SF2M), the Or-
szagos Magyar Banyidszati és Kohdszati Egye-
sillet (OMBKE) and the Czech Society for
New Materials and Technology (CSNMT).
Each society was responsible for collecting
data from several countries in each of which a
National Representative was appointed. The
overall aim of the project was-to provide in-
formation that promotes mobility-i.e. the ex-
change of people and information between a-
cademic centres. This has been done by:

— Creating this database of detailed informa-
tion about Materials Science education
across Europe.

— Presenting a: so- ~called ?Communication

. Board” MatNet contains a further mean of
building up Europe-wide contacts. The
Board is for current news,.discussion of ma-
terials related issues, and for contact and
exchange views, addresses and to - collect
further information.

The data for the database were collected by
questionnaires sent to relevant university fac-
ulties, institutes and departments in 25 coun-
tries, to about 650 academic units altogether
out of which over 400 units responded. The
database gives details about:

— Curricula

— Examinations and degrees
— Admission requirements
— Statistical information

- Structure of the orgamzatlon ST
— Research projects .
- Cultural aspects and costs
— Contact addresses

Putting the database on. Internet provides
academic staff with the possibility of contin-
uwous modification of data which means that
the latest information is always available. .

* PERFORMANCE OF MATNET

Performance of MatNet is demonstrated
by the information available.on MatNet:on
the Technical: University Kosice (Slovakia)..All
education institutions (universities, colleges)
were required. to submit 1nformat10n as
demonstrated below.

~ Name of the institution: .
. Technical University Kosice,
Letna 9, 042 00 Kosice, Slovakia-

Number of faculties: 7
Number of students: 7029
...of which foreigners: 86

— Materials Science related units: 3

a) Dep. Metallurgy and Engineering Tech-
nology: .
Staff: 26 teachers, 2. researchers, 8 tech-
nicians, 4 administrative
No. of students involved: 580 (52 gradu-
ating, 5 PhD) .

b) Dep. Materials Science
Staff: 22 teachers, 3 researchers, 12 tech-
nicians, 3 administrative
No. of students involved: 920 (58 grad-
uating, 6 PhD) ,

¢) Dep. Metal Forming
Staff: 7 teachers, 3 technicians, 1 admin-
istrative
No. of students 1nvolved 38 (10 gradua-
ting, 1 PhD)

— Organisation of study programmes:

Study program is not subdivided in the first
three years. After the third year a state exami-
nation is required and then students can spe-
cialise in nine different fields.
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— Graduation assessment:
30 credits per each semester

— Documents necessary to start study:

—valid secondary school final examination

— filled in application form
— health certificate

— Fee for foreign students:

— bachelor and master studies: 5000 US $

per year

— living ‘costs: 400 US $/month, including

food and student hostel

— Postgraduate courses:

available for nationals and foreigners

— Expected length of postgraduate study

(PhD): 4 years

— Postgraduate final examination:

State examination and public discussion of

the thesis

— Prerequisite for foreigners:
university diploma (MSc)

— Research projects (Dep. Metal Forming):

— Mathematical description of structural de-
velopment and properties of materials in
forming processes 4 researchers, 3 others

— The formability of isotropic electrotech-
nical sheets 3 researchers, 1 PhD, 2 others

— Equipment at Metal Forming Department:
Workshop, laboratory scale equipment for
rolling, forging, drawing, pressing and heat

treatment.

~ Important features of the town and the

University:

TU Kosice was established in 1952. The
Faculty of Metallurgy, also established in
1952 is continuing the tradition of the
Mining Academy Banska Stavnica (then Sel-
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mecbanya), founded in 1752. Kosice, with its
more than 250.000 inhabitants is the histori-
cal, political, industrial and cultural centre of
the Eastern part of Slovakia. Kosice is an an-
cient university town. The first university
was established here in 1657. Today there are
four universities in the town. Students of the
universities are accommodated in several stu-
dent’s hostels.

— Special information

Ratios of Material Science, Engineering
and Natural Sciences in the study pro-
grammes can be also collected. Using these
information the fields covered by individual
countries or by regions can be demonstrated.

PRACTICAL EXPERIENCES
WITH MATNET o

According to the statistics the number of
contacts since October 1997 was more than
70 thousand. The monthly distribution of
contacts is in accordance with the schedule
of the school-years: the highest number of
contacts were made in February, March,
September and October. In July and August
the use of MatNet was lowest.

Regarding the practical use of MatNet one .
must admit that only part of its potentials is
exploited today. The main problem is that the
system does not permit to perform certain di-
rect searches (like identifying universities in
Europe with given research programmes of e-
quipment, etc.). In our opinion, with relative-
Iy low costs MatNet could be improved and
developed to the level meeting the standards
of today’s interactive information systems. A
real up-to-date MatNet system might be a very
effective tool -in establishing a ”single mar-
ket” in materials sciences’ education .

To get more information please contact:
hutp: [fwww.matnet.mes.de



REGIONAL AND NATIONAL RESPONSES TO GLOBALIZATION

Austria

Furopean Engineering Educator
— an International Standard for the Training
of Those Who Educate Engineers

Univ.-Prof Dipl.-Ing.DDr. A. Melezinek,

University of Klagenfizrt, Austria

SUMMARY: The paper deals with the problem of “educational quality”; describing the
qualifications profile European Engineering Educator — Europédischer Ingenieurpiddagoge
INGPAED IGIP” in the process. The necessary qualifications for inclusion in the regarding
professional register are on the one hand a high technical competence in accordance with
FEANTs ’EUR-ING” and, on the other hand, a high engineering educational (ingenieur-
padagogical) competence. This paper will briefly define the scientific background as well as
the basic model for the above mentioned qualification profile and requirements for inclusion

on the register.

QUALITY IN
ENGINEERING EDUCATION

Over the last few years a series of norms
has been developed which a quality control
must fulfil. The international ISO-9000 se-
ries being particularly well known. Recogni-
sed in some 60 countries, it stands for quali-
ty control standards in business and defines
a yardstick for quality control.

More and more companies require an ISO
Certificate from their suppliers as proof of
their quality and as a prerequisite for possi-
bly being awarded a contract or taking part
in public projects and calls for tenders. Not
only manufactures are effected but an in-
creasing number of services as well. Even
training programmes can be awarded quality
certificates. UNISYS Customer Training, for

example has compiled with ISO-9001 for al-
most five years now. The world-famous com-
pany MICROSOFT proposes three levels of
certified professionals, including the
?Microsoft Certified Trainer”. This proof of
competence is intended for instructors at
Authorized Technical Education Centers
and Authorized Training Centers.

This article should not analyse the com-
plex problems of quality in education.
Instead I will concentrate on what I believe
is the most important factor belonging to this
problem - on the teachers, and particularly on
technology teachers. The quality of teaching
depends greatly on the qualifications of tech-
nology teachers. Qualifications systems and cer-
tificates for technology teachers vary quite
considerably and transparency is not one of
their strong points. Scientifically sound cri-
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teria on a solid theoretical and practical basis
which could provide a guarantee of quality
are often non existent.

THE PROFESSIONAL REGISTER ”EU-

ROPEAN ENGINEERING EDUCATOR” ,

The International Soc1ety for Engmeenng

Education - IGIP - was founded in 1972 in -

Klagenfurt/Austria. Since then this society
has developed into an important and well-
known international . association. Today
IGIP has members in 72 countries and is rec-
ognized as a consultative body by UNESCO
and UNIDO.

One of the most urgent problems which
IGIP faces in its work is the issue of techni-
cal teacher training. In this light, delegates at
IGIP’s 1988 international symposium in
Basel/Switzerland formulated a recommen-
dation with the following preamble:

Nobel prizes and research results create the pres-
tige of educational institutions of technology. The
quality of the education, however; is determined by

the teacher’s daily instruction. This statement is -

still true. IGIP therefore set up the register
“European Engineering Educator Europii-
scher Ingenieurpadagoge - ING-PAED
IGIP”. This register is based on a minimum
qualiﬁcation profile for teachers and trainers
1n engmeermg education.

The Purpose of the Regzster

In times of increasing European integra-
tion, it is moré useful and necessary than
ever before to formulate 4 common mini-
mum standard or well-balanced competence
profile for technical teachers.

The International Society for Engineering
Education’s register ”Européischer Ingenieur-
padagoge - European Engineering Educator
ING-PAED IGIP” meets these requirements:
— The register guarantees that competence

profiles will be defined, monitored and re-

~viewed, thus encouraging a solid theoreti-
cal and practical basis for qualifications
within an international framework. -
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— Furthermore, it guarantees a high level of
competence for engineering educators and
should also facilitate working abroad.

— The register provides detailed information
on the education, training and profession-
al experience of those listed for the benefit
of potential employers.

— Both the register and the title 2ING-PAED
IGIP” will generally improve the posmon,
role and resp0n51b1hty of engineering edu-
cators in soc1ety

The Qudlz‘ﬁcatzons Profile for the Register:

The qualifications profile is based on three
fundamental premises:

— A solid foundation in engineering disci-
plines is an essential requirement. It fol-
lows that inclusion on the register calls for
engineering qualifications and profession-
al experience at an advanced level.

— A good knowledge of the pedagogy of engi-
neering education is just-as important and
an appropriate training course should be e-
quivalent to one semester at university (a
minimum of 200 hours). In terms of content,
it should be based on the “ingenieurpada-
gogical” model and curriculum and can on-
ly be taken at institutions approved by IGIP.

— A further requirement for inclusion on the
register is a minimum of one year practical
work in the field of engineering education
(e.g. technology lecturer, in-service trainer
etc.).

Thus, the formula for the title *ING-
PAED IGIP” reads:

Engineering qualification -
=+ .
Engineering pedagogical training-
-+
Practical work in engineering education

- The Engineering Qualification:

The technical qualifications required for
inclusion on the register should preferably
comply with the requirements laid down by
FEANI, the Federation Europeenne d’Asso-
ciations Nationales d’Ingenieurs, for their
”Europa Ingenieur - EUR-ING” title. More
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Biological Principles

Sociology
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Electrical Engineering
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infdrmation on this qualifications profile can
be found in [1], for example.

The actual engineering pedagogical qualifica-
tion: :

The model in Fig. 1 depicts university-lev-
el training for teachers of theoretical techni-
cal subjects and lies at the heart of the "ING-
PAED IGIP” curriculum [6, 7, 8, 10]. The
principlés of “Ingenieurpadagogik” and
”Engineering Education Practicals” form
the integrative core of the model and draw

Fig.1

together the threads of the other subjects on
the timetable. The Table I summarizes the
ingenieurpidagogical curriculum.

Practical work in engineering education:

One of the requirements for inclusion on
the register is a minimum of one year practi-
cal work in the field of engineering educa-
tion. Recognized activities include teaching
at almost all kinds of technical education in-
stitutions, such as technical schools and col-
leges, technical universities, inservice teach-

Tahle 1
Ingenieurpddagogik . ...... . e (min
Engineering Education Practical ......................... (min

Laboratory Didactics
Understandable Text Creation
Rhetoric
Communication and Discussion Training
Selected Principles of Psychology
Selected Principles of Sociology

Principles of Biological Development
Other Subjects (e.g. school law, school management...)

. 36 sessions)
. 36 sessions)
Educational Technology . .. ................ e (min.

12 sessions)

. 12 sessions)
. 16 sessions)
. 12 sessions)
. 32 sessions)

........................ (min.
.......................... (min. 8 sessions)
....................... (min. 8 sessions)
....... {min.

16 sessions)

16 sessions)

.................. min. 204 sessions
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ing for initial and further training in compa-
nies, etc.

Organizational structure of the ING-PAED
IGIP Register:

To carry out the tasks associated with the
register, IGIP’s executive committee set up
an international committee of experts - the
Européan Monitoring Committee EMC - as
well as groups of experts on a national basis -
National Monitoring Committees - NMCs.
This structure is 111ustrated in th 2 '

IG1P’s EMC consists® of leadlng experts:
working in specialist technical educational

systems from regions and countries all over
Europe. Both EMC members and its chair-
person are nommated by IGIP’s executlve
committee.

IGIP’s NMCs, on the other hand, are na-
tional groupings, made up of leading repre-
sentatives from the educational system in
their own particular countries. The NMC
chairperson and national contact points are
proposed by IGIP’s executive committee after
consultation with the EMC. The members of
NMGCs are proposed by the chairperson of an

Fig. 2 -

NMC, endorsed by the EMC and confirmed
by IGIP’s executive committee, At present,

" there are active NMCs in seventeen countries.

CONCLUSION

The quality of teaching crﬁcially' depends
on the quality of technical teachers. IGIP’s
”Européischer Ingenieurpadagoge - Euro-

- pean Engineering Educator ING-PAED
- 1GIP” qualifications proﬁle fulfils the requi-

reménts for a common minimum standard

" which the IRDAC (Industrial Research and

Development Advisory Committee of the
Commission of the European Communities)
has defined as a pan-European challenge.

-+ IGIP’s ”Europdischer Ingenieurpadagoge -

European Engineering Educator ING-PAED
IGIP” register has been received with great in-
terest. At the major “Second European
Conference on the Assessment and Accre-
ditation of Engineering Tramlng and Quali-
fications” in December.1994 in Paris, the reg-
ister was basicially recognized as a basic quali-
fications profile for lecturers in. technical sub-
jects. On the suggestion of UNESCO Paris, the
register was presented at the “6th World
Conference of . Continuing Engineering
Education” in May 1995 in Sao Paulo and Rio

IGIP

Execut. Comm.

IGIP

IGIP

EMC

Secretariat

IGIP
NMC

IGIP
Nwc

IGIP
NMC
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de Janeiro and met with an enthusiastic re-

sponse. Suitably qualified applicants are being
continuously added to the register in Europe ,

[1] FEANI: Leitfaden zum FEANI- Reg1s-
ter EUR ING FEANI Regi
Paris, 199

[ 2] HAUG,
Ingenieurausbildung™
1980

[3] HEINZE, C-D: ”Ingenieurpedagogische
Schulen in Europa”, in: Melezinek, A. (Hrsg.)
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REGIONAL AND NATIONAL RESPONSES TO GLOBALIZATION

France

structural Reforms in French Engineering
Education to Foster Internationalization

Dr. Claude Maury,
CEFI, France

SUMMARY: The French engineering educational system is organized according to specific
rules, which do not make easy the enrolment of foreign students, especially if they come from
outside Europe. Numerous initiatives have however been taken in the last years to foster the
international dimension of French Grandes Ecoles, but a'majority is aimed at French stu-
dents’mobility. A national debate has been opened recently to modify the higher studies
scheme, with the introduction of undergraduate and postgraduate studies. The hope is to
reach a harmonization in Europe and to encourage overseas students to choose France for
further studies. Nothing concrete has been decided up to now, and the final result still re-

mains rather uncertain.

THE FRENCH ENGINEERING
EDUCATION SYSTEM FACING
INTERNATIONALIZATION

Although the French system of engineer-
ing is organized as in most European coun-
tries to grant a full title of engineer, a more
in-depth analysis reveals specific features
and rules, which are on one hand the source
of its flavour and prestige (a French engi-
neering degree guarantees a good career and
a high social status), but on another hand
restraint its internationalization, making
the integration of foreign students quite un-
easy:

a) Engineering education is mainly orga-
nized in Grandes Ecoles, and is not compati-
ble with the University studies (although
bridges exist) ‘

b) French students must pass through
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strict .selection procedures (intensive
preparatory classes, competitive examina-
tions) where maths are the core subject.

d) Each student has to strictly respect a
five-year scheme to get his degree (without
flexibility given by credits, poor possibilities
1o repeat a year or to study part time)

¢) Educational standards are under a for-
mal control of a national habilitation body:
the CTI

Basically, the French system of engineer-
ing education is very demanding and conse-
quently lacks flexibility, which is essential
for international exchanges. However, there
has been a strong movement for the last 10-
15 years towards internationalization in
French engineering schools, based on initia-
tive taken by directors, who benefit of an ac-
tual freedom, probably more than their
European counterparts.



A STRONG IMPULSE GIVEN BY EU-
ROPEAN EXCHANGE PROGRAMMES

1. A stream of innovation in French engineer-
ing programmes

European programmes like ERASMUS and
COMETT have played a very 1mportant role
in the 1nternatronahzat10n process’ of many
engmeermg 'schools.’ They have provoked a
wide range of reﬂecuons, dlscussrons and ini-
tiatives to adjust e engineering programs, in or-
der to promote international exchanges and
mobility. These initiatives have been taken at
the level of the engineering ‘schools  or of
groups of schools; the changes or adjustments
which were introduced were controlled and
regulated by them; in ordeér to preserve the
consistency of their educational aims and the
quahty of the engineering degree The CTT al-
so enacted guidelines and rules to orrent the
internationalization * of engineering pro-
grammes according to quality criterid.

Series of concrete changes and i mnovatmns
may be given :

a) The recognition of study periods abroad
(3 months to one year, sometimes longer)
validated in the curriculum to obtain the
French engineering degree; these study peri-
ods have to be spent insidé a circle of foreign
institutions with which there is a partner-
ship agreement.

b) The creation of double engineering de-
gree programmes.

These double degree schemes, enabling
French and foreign students to get two engi-

neerlng degrees (French + foreign engineer-
ing 1nst1tut10n), have become very popular in
French engineering schools. It is a privileged
way to mternatlonahze a’ currlculum, by
mlxmg it with the course of a foreign insti-
tution. T here are’ dlfferent double degree
schemes, some of them’ requrre an addmonal
time of study (6 months to1 year), and ‘sbme
others are built as’ fully integratéd curricula
(e.g. ‘EPF with FH Munich, 'ENSAM wrth
TU Karlsruhe) Accordrng to the CTI rule,
minimum of 18- month study has to be spent
in the French school to get the Frénch engi-
neermg degree In the laSt years, the number
of double degree agreements has consider-
ably increased. CEFI surveys show that’ be-
tween 1995 and 1997 thelr number has near—
ly tripled (see Table I). B

Since 1997 new agréements of this type
have been concluded, not only with Euro-
pean institutions, but also with some North—
American institutions

¢) Implementation of the ECTS system

The ECTS system 'was not easy to imple-
ment in French engrneermg schools, because
their study programmes were not organized
in credits (except in the Universities of
Technology like Compregne) However, an
important effort was made in many schools
to adapt their study programmes to this sys-
tem, and the number of engineering institu-
tions adhering to ECTS has been regularly
increasing (from 22 to 65 between 1995 and
1997, about 50% of the schools by today).

Table 1

CEFI survey 1995 CEF! survey 1997

Number of French engineering schools offering a double de- 25 48
gree programme to French and foreign students

Number of double degree agreements set between French

and foreign institutions . 20 . 230
Number of French engineering schools partu:lpatmg to the 29 65
ECTS system
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d) Compulsory industrial periods abroad

One of the main features of French engi-
neering education is the connection of engi-
neering studies to industrial experience.
Engineering curricula include around 7
month’s internship in industry. For the last
years, the trend is to give students the op-
portunity to carry out these internships
abroad. In many schools growing flows of
students are encouraged to take this opportu-
nity (50% and more do so in some schools),
because it is considered as a very good prepa-
ration to work later in an international envi-
ronment. In some schools, it has been decid-
ed to make these industrial periods abroad
compulsory: about 30 schools are in this case

¢) European programmes and Schools

There are a few initiatives of this sort; one
may quote:

- The INSA First Eurepean Cycle called EU-

RINSA, welcomes yearly about 100 stu-

dents from 30 European countries. It is a
very special programme, adapted to stu-
dents whose secondary studies preparation
.differs from the French one; the pro-
gramme is European-oriented with the
teaching of 3 European languages as well as
courses on European economy and culture.
It leads to the INSA de Lyon engineering
degree.

- The EEIGM in Nancy (European Enginee-
ring School in Material Engineering): the
engineering programme is organized in
partnership with Saarbriicken University
in Germany, Universidad Politecnica de
Barcelona in Spam and Lulea Un1vers1ty
Hin Sweden . :

5 More ﬂex1b111ty in the CTI rules

For the last years, the CTI has also adapt-
ed some of its rules to favour international
exchanges and the integration of foreign stu-
dents. A minimum of 2 years of studies in
the engineering school was usually required
to obtain the French engineering degree;
now the duration has been reduced to 18
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months (this step. is particularly irnportant
for the implementation of double degree pro-
gramines).

2. The results

The before mentioned initiatives and the
adaptation efforts. of French engineering
schools have produced positive results in the
field of internationalization, but there are
still weaknesses in the system.

~ a) Striking posmve results for French stu-
dents:

— A lot of work has been done to have a more
flexible and open system; through the im-
pulse of European programmes, French
engineering institutions are now better
prepared to the challenges of i internation-
alization

— The mobility of French engineering stu-
dents has increased: in the Erasmus pro-
gramme, French engineering and technol-
ogy students are the third group of mobile
students, after management and language
studies ,

— Some European experiences have been ex-
tended to other parts of the world: on the
same lines as EURINSA, INSA de Lyon
has created ASINSA to welcome students
from Asia.

b) A clear unbalance

— There is still a clear unbalance between the
flows of French students going abroad and
the flows of foreign students studying in
French engineering institutions; an aver-

.. - age of 15% of French engincering students
* follow a part” of their studies abroad,

whereas only around- 6% of: foreign stu-
dents are integrated in French initial engi-
neering education (the proportion is much
higher in postgraduate studies, around 30
% foreign students in specialized and doc-
toral programmes). ‘

— Very few engineering courses in English
are proposed to foreign students .even at
the postgraduate level.



THE NEW CHALLENGE:
TO INTEGRATE A GREATER
NUMBER OF STUDENTS FROM ALL
" OVER THE WORLD

1. Distribution of foreign students in French
engineering institutions

The results of a survey made by CEFI in
1998 for the Ministry of foreign affairs show
the following distribution of foreign stu-
dents in French engineering schools. The
survey is based on the answers of 90 engi-
neering schools in which 2900 foreign stu-
dents were registered (see Table 2). The table
shows clearly that about 3/4 of foreign stu-
dents come from the European Union and
Africa. The very low proportion of students
coming from Asia or North America brings
to light the difficulty of the French system of
engineering education to integrate students
coming from the anglo-saxon system of edu-
cation, because of the differences in the struc-
ture and the profile of studies.

2. Special tailored programmes to integrate stu-
dents from the anglo-saxon education system

Different schools and groups of schools
have tried to build special programmes to be
able to integrate overseas students.

a) ASINSA first cycle:

We already mentioned- this programme
created by INSA de Lyon, which follows the
pattern of EURINSA

b) N+1 programme for British and Irish
students at the Bachelor level

Geographical Area

This programme has been created by the
CDEFI (group of engineering schools de-
pending on the Ministry of . National
Education). It is a one year tailor made pro-
gramme for students at the Bachelor level in-
cluding an industrial period. It may lead un-
der certain conditions to further studies in
the French institution to obtain the French
engineering degree.

c) INP (Institut National Polytechnique)
preparatory cycle for Asian students in the
framework of the France-Asie Campus pro-
ject.

In the framework of the France-Asie
Campus project which aims at welcoming
5000 Asian students in France, the three
National Polytechnic Institutes (Grenoble,
Nancy, Toulouse) have proposed a tailor-
made preparatory cycle, lasting 2,5 years in-
stead of 2 years. This preparation period
should enable the students to integrate an
INP engineering school without going
through the competitive examinations, and
obtain the engineering degree.

THE INTRODUCTION
OF A NEW STUDIES SCHEME
1. The proposal of an official commission
An official report on the French higher e-

ducation, written by a commission chaired
by Jacques Attali. (May 1998), has, among

Table 2

Distribution of foreign students in French

engineering schools in initial education, %

European Union -50.4
Eastern and Central Europe 8.7
USA 27

Canada 2.1

South America 4.2
Africa 2.6

Near and Middle-East 2.2
Australia 0.1
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other points, stressed the importance to
make the French education system consis-
tent with its international environment.

The basic postulate-of the Attali report is
that France should adapt the so-called inter-
national scheme, based on a three-level de-
gree framework:

— A first degree granted after 3 years of high-
er education (undergraduate education)
~ An advance second degree granted two
years later
— The doctorate three years later
A big congress was organized at la Sorbon-
ne in 1998 to gather the formal agreement of
three other European countries (UK,
Germany, Italy) on the following principles
— No changes in existing degrees
— Insertion of new titles - or landmarks - to
facilitate the comprehension of foreign stu-
dents

2. The questions raised by the perspective of the
reform

Although the proposal may appear appeal-

ing at the first sight; it ralses several ques-.

tions, with uriclear answers. -

— Is there an international standard? The
answer is not clear, if one thinks for example
of the UK, where 4-year Meng curricula have
been recently introduced as first degrees.
The main difference appears indeed not to be
in terms of duration of studies.

In many European countries there are two
types of engineering studies

—Short (3.or 4 year) studies with a speaﬁc tltle

- Long (4 to 5 years) stud1es

—SIs'i possxble to 1ntroduce new levels ‘of

studies into the French system without a

1 DEA: Diplome d’Etudes Approfondles first preparatory year
for the doctorate.

88 IDEAS N°6/OCTOBER 1999

years.:

deep perturbation? This is not a mlnor issue,

with following hypothesis:

—One more year for our two-year pro-
grammes (IUT)

— One more year for our 4 year programmes
- (IUP)

— Shift of the DEA! towards doctoral studies,
with unclear consequences

Next steps:

The official decision should be announced
soon, to create a new “grade”, called "Mas-
taire”, which could be used as an added label
to all 5-year degrees.

Engineering schools should be allowed to
create new programmes opened to Bsc stu-
dents, which could be called Master ( making
it possible to get the grade of Mastaire).

3. What conclusion?

Although the aim to harmonize European
degrees appears as-a motivating goal, the way
to reach that objective could be much longer
as thought. One important point in-the actu-
al debate is that the problem should be set
less in terms of duration, than in terms of se-
rial or parallel schemes.

One may understand the motivation to
switch to the so-called US system, but the
matter is cultural and the tempo is quite
slow. European are surely quite attached to
the formal title of engineer, and are not ready
to translate it into a simple engineering de-
gree. In the short term a good compromise
could be - at least for engineering studies - to
agree on a form of advanced studies, with a
possible reductzon of the ﬁrst studles to 4

Such: a‘reform should be ﬁrst accepted at

“the bottom, ‘and only-in ‘2 second step cov-

ered by a decision at the top.



REGIONAL AND NATIONAL RESPONSES TO GLOBALIZATION

Italy

»TIIE Italian Experience of the Industrial District:
-2 Unique Way to Tackle Global Market GChallenge

Dr. Gianfranco Cicognani,

Executive Secretariat of the Central European Initiative (CEI), Italy

SUMMARY:: The Italian experience of the so-called *Industrial District” is presented with
the help of a few relevant examples. The main requirements to be met aiming to reproduce
this model in different industrial environments are discussed with a specific reference to the
Countries of Central and Eastern Europe. Technological transfer\adaptation to the SMEs and
the related professional education programs are indicated as two key points for a proper im-

plementation of this organisative model.

1. The small and medium sized enterprises
(SMEs) play a primary role in the European
industrial system - specifically within the
Italian one — in creating both wealth and em-
ployment. It is enough to say that more than
2\3 of the total employed manpower in the
European Union can be referred to the SMEs,
to fully understand their importance in most
of the sectors producing goods and services.

In my presentation I refer to the SMEs
dealing with the so-called “traditional sec-
tors” (such as textile, ceramics and tiles,
shoes, furniture and wood machinery,
leather, agricultural machines, etc.), where
the role of new technologies focused to im-
prove processes and products appears in-
creasingly more important. This not only be-
cause of the huge economical impact of those
sectors, but also considering the unique per-
formances obtained by the Italian SMEs fac-
ing the challenge of the national and inter-
national market with exceptional results.
A full understanding of the reasons of this

performance appears to be important for two
reasons: on one hand, for promoting future
activities along the most favourable path,
and on the other, for giving an answer to the
following question: how far could this mod-
el be exported outside the country thus offer-
ing a similar economical potential to other e-
conomical environments?

2. In order to properly describe the refer-
ence frame, we can start with considering one
typical characteristic of the Italian frame.
The SMEs committed to the different pro-
ductive sectors show a clear concentration at
the territory level. The expression "Industrial
Districts” represents well this model of de-
velopment which takes full advantage of the
specific' industrial culture and tradition
recognised on the local basis, and then step
by step developed and implemented through
a typical bottom-up process counting on a
very specific work organisation focused on
both co-operation and competition.

IDEAS N°6/OCTOBER 1999 89



Generally speaking, the SMEs count on a
number of basic advantages in comparison
with larger industrial structures, such as
high flexibility of the production cycle, capa-
bility of meeting the demand request in a
short time, on-real time decision making ap-

proach, readiness in considering modernisa- .

tion processes, strong attention to the more

suitable associative forms. On the other.
hand, the SMEs could face major difficulties-

along a few development lines which for sure
will present an increasing importance in the
coming years. This mainly refers to:

— The capability to reach an acceptable level
in the international environment which
represents the key point for successful
competition in a global and dynamic mar-
ket, where the interdependencies related to
the productive processes are more and
more significant. In'a few words; a contin-
uous and well stabilised presence in the in-
ternational markets represents a real neces-
sity, not always properly fulfilled at the
SME level.

— The extensive use of the new technologies
helping to achieve both better processes
and products. In most cases an SME itself
cannot play a relevant role in the produc-
tion innovation and it could face many dif-
ficulties even in trying to adapt the new
technologies to its own necessities.

On those points a strong improvement can
be offered by a more comprehensive and
well focused organisation, which is the one
responding to the necessity of an Industrial
District in particular. We shall come back to
those aspects. :

3. All that being said, let us examine the
conditions allowing the creation and growth
of the Industrial Districts in Italy.

There are more than 200 Industrial Dist-
ricts at present in the country. Immediately
it appears evident that their distribution on
the national territory is far from being uni-
form. A high density i§ visible in the North
of the country, more in the North East than
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in the North West, where the big industries
are prevalent. In Central Italy their presence
refers mainly to Marche and Toscana, while
a strong reduction is evident in South Italy .
On our major islands (Sicily and Sardinia)
no significant presence of Industrlal District
is shown

Two first lessons can be drawn immediate-
ly from this evidence: a)- this association
form can be proposed and properly imple-
mented where an industrial environment is
already well settled, also because it can count
on an efficient network of services and infra-
structures; b) the presence of the big indus-
tries does not help the establishment of the
Industrial Districts.

A deeper socio-economic analysis is how-
ever necessary, should the real situation re-
quire a better understanding. Let me shortly
tackle this relevant aspect with the help ofa

‘practical example.

The reconstruction of the Italian economy,
fully destroyed after the 2nd World War,
started practically at the beginning of the
1950’s to be completed in the next 20-25
years. At that time in the large agricultural
areas of the Po Valley a fast decrease of the
employed farmers occurred. The factors that
caused it were the following: the first of
them was a sharp increase in the number of
agricultural machines determined by the im-
plementation of the so-called ”Piano Verde”
(Green Plan) launched by the Government,
for increasing the food-feed production. In
the same period many big factories were
closed in the region, because of their obsolete
performances. Among them was “Officine
Caproni”, well known world-wide before the
war because of its capability in construction
of airplanes. As a result a huge amount of
skilled people were kicked out of their jobs,
thus increasing the offer of qualified man-
power, especially in the mechanical field.
This way proper conditions were created for
starting an aggregation process of small en-
trepreneurs ready to take full advantage from
the availability: of qualified. manpower, as

‘well as from the benefits offered by the gov-



ernmental and local institutions in terms of
reduced -taxes, low rate financing and fi-
nalised grants. A big help was‘also given by
the “¢o- operatlve culture”; tradmonally de-
veloped in the region, which made easier the
establishment of complementary agréements
among the different SMEs, based on the law
but alsoror a kind of a mutual‘trust. Step by
step the Industrial Districts of Machines for
Agriculture became more and more impor-
tant: today they count-about 600 Enterprlses
and they represent one of the most intetest-
ing industrial realities w1th1n the Em111a
Romagna Reglon ’

Through a similar process, a number of
Industrial Districts was created in a few
years. On the world market their label be-
came a message of the Italian way of produc-
ing ‘high-quality, certified produets:’ textile
in Prato, Carpi and Biella; silk based prod-
ucts in Como; ceramics (tiles in particular)
in Sassuolo; wood machinery in Rimini and
Pesaro; furniture in Udine, Pordenone and
Pesaro; gold and jewellery in Vicenza;
leather and shoes in Venezia, Macerata and
Puglia Region; typical food products in
Parma (Parmigiano cheese and ham), etc.

Everywhere the mechanism was the same:
a “bottom-up” driven force; a great atten-
tion to the real opportunities; a network of
inter-company relationships aiming at opti-
misation of the production cycles (with a
specific care towards the “on-real time” in-
teraction between producers and sub-pro-
ducers); a special care towards the logistic
and quality related aspects; the approach to
the market based on the demand forecast
rather than coping with the actual demand
requirements; a continuous effort in the field
of technological innovation.

4. It is important to underline how the
Industrial Districts operate for achieving
those results with the highest efficiency pos-
sible. A number of strictly finalised struc-
tures have been created for that. Let us ex-
amine two of them, namely the Service
Centres and the Technological Observers.

The Service Centres dim to increase the
SMEs competitiveness 'in térms of market-
ing, quality assurance and control, informa-
tion exchange, professional education; tech-
nological development, exh1b1t10ns\81mp031a
organisation,’ identification” of the organ-
isative models which better respond -to spe-
cific needs, and technical assistance. Just to
make an’ example within the already men-
tioned -Industrial® ~Distriets® | of - the
Agricultural Machines, the CESMA Service
Centre was created in Reggio Emilia, cover-
ing most of the above mentloned 1tems '

Many other examples of Serv1ce Centers
can be recalled here, such as CITER (Carpi)
for the textile District and CATAS (Udine)
for the wood furniture District.

The Technological Observers duty mainly
refers to the promotional side: monitoring of
the internal and international market, part-
ners research, investment evaluation oppor-
tunities and risk factors analysis, etc.

“The outcome has never represented a sort
of limitation for the SMEs of the District,
each of them being absolutely free to follow
its policy. However, in most cases, those in-
dications are strictly respected, being well
evident that they were elaborated with the
aim of achieving the best solution allowed by
the general frame.

Again, just an example: the Technological
Observer of Pesaro-Urbino, related to the
wood machinery and furniture (mainly
kitchen) Districts. This structure covers the
need of some 500 firms and of about 700 con-
nected handcraft units.

5. Within the Industrial District organisa-
tion many activities are performed with the
aim of helping the proper development of
the associated SMEs. One of them deserves
to be underlined here because of its growing
importance in a short-medium term perspec-
tive: the effort on the line of innovation and
technological transfer, that represents a
widely recognised tool of major importance
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to keep high the competitiveness level de-
manded by the global market challenge.

This is a very difficult task, to be tackled
through a strict interaction between the re-
search producers and the SMEs themselves,
in the first line those organised in the
Districts.

In this case the co-operation between the
National Research Centres and the Service
Centres may represent a shortcut in achiev-
ing the expected result, which is to meet the
SMEs’ request with the transfer and the
adaptation of proper technology.

There is no use to go into details on this
matter. Simply let me recall two points:

— the importance of the demonstrative pro-
jects, as a tool to convince the SMEs that
their problems can be solved.by a proper
use of a new technology;

— the role of specific technological transfer
Programs promoted by public and private
Research Centres with the financial help
provided by both national and internation-
al Institutions and the European Union it-
self. :

On the second point we can recall here the
European Network of the Innovation Relay
Centres, aiming to improve the competitive-
ness of the European SMEs.

The network counts about 50 Relay
Centres established on a regional basis. In
Italy the IRENE Relay Centre covers the
North Eastern Region of the country and it
also represents an important structure, open
to a strict co-operation with the PECO coun-
tries and with Hungary in particular.

6. In conclusion of this presentation, let us
try to answer the question about the possibil-
ity of transferring the Italian model of
Industrial Districts to other countries, more
specifically to those of Central and Eastern
Europe. Under a very general approach it
must be recognised that this kind of indus-
trial organisation was developed under, very
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specific conditions which cannot be repro-
duced easily in other environments. Should
it be the case, it is clear that the response can-
not simply be a generic ”yes”. But on the
other hand, also a generic *no” does not ap-
pear fully appropriate; it could be considered
a kind of a ”shortcut”, surely neglecting a
number of opportunities deserving a deeper
analysis.

In summary, it is not possible to draw a
general conclusion of this matter, being wis-
er to follow a kind of a ”step by step” ap-
proach taking into a due account both op-
portunities and boundary conditions, for
sure different case by case.

A few general trends, however, can.be re-
called here as a kind of necessity indepen-
dently from the different conditions. Among
them: '

— the support of the political Institutions,
more at regional/local level than at the na-
tional one. The aggregation process of the
SME:s will be strongly helped by the assis-
tance of the Administration structures,
promoting the private firms along a select-
ed number of priority lines.

This does not mean going back towards a’
development strategy decided by centralised
political decision makers; on the contrary, to
properly address the private SMEs - also
through the financial and institutional sup-
port - along promising opportunities sug-
gested by either the market or the national
priorities.

— the importance of promoting as far as pos-
sible the professional education at differ-
ent levels, thus assuring the productive
sectors on the availability of a well quali-
fied manpower.

— last but non least, to enhance the policy of
the technology transfer to the SMEs, hav-
ing well in mind the necessity to follow a
demand-based mechanism. Offering a new
technology to an SME generally does not
help, unless that. technology is not fully
adapted to the real need of the final user.



On that line the ”demonstration” of the
proper use of the technology could be a
useful, if not necessary step.

It goes without saying that the internation-
al co-operation can help the improvement of
many industrial systems in Central and
Eastern Europe. Among the others, the mod-
el of the Industrial Districts, developed so
well in Italy, must be considered: Italy is
ready to co-operate on that line, using all the
possibilities offered by the different agree-

\

ments established on bilateral, multilateral
and regional basis, including the Prog-
rammes promoted by the EU.

We are fully convinced that the SMEs net-
work will be a key factor in the economic de-
velopment of the region and that its role will
become more and more important in the
near future. We are ready to share our experi-
ence on a real partnership basis, being fully
convinced that this shall be of benefit to all
the committed partners.
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EXTENDED ABSTRACT

1. Countries embarking on industrializa-
tion drives shared two assumptions: that a.
protection was required, b. international
trade would provide no support for the drive
[WATERBURY, 1999, 331}]. It would be te-
dious to review all the reputable economists
who shared this view [Prebisch, Hirschman,
Lewis, Amartya Sen, Gunnar Myrdal]. The
notion that there is a fundamental contradic-
tion between capitalist development in the
centre and industrialisation and development
in the periphery was first expounded by the
”dependency theory” of the late 60s.
According to that approach the capitalist de-
velopment in the periphery is impossible, the
incorporation of those territories into the
world system set in motion a metropolis-
satellite power structure, that permits the for-
mer to develop by expropriating economic
surplus from the latter [*development of un-
derdevelopment” in the periphery][AYRES-
CLARK, 1988, 89]. From a different per-
spective -but also on the side of a general so-

cial critics- Bill WARREN [1973] presents

evidence that between the 1950s and 1970s
the growth of manufacturing was faster in
the Third World that in the First World, and
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at the same time the share of manufacturing,
in terms of GDP and employment increased
in many developing countries and highly di-
versified consumer durable markets continu-
ing to expand into the lower income groups.
In fact the experience of the last 30 years in-
dicates great diversity in the periphery and
implies that from one side WARREN over-
stated the case, but from the other side the
Dependency Theory’s validation is also lim-
ited. It is necessary 1o go beyond the notion
of external domination. National autonomy
and external dependency not only [or nor
proper at all] categories for the interpration
of development or underdevelopment. We
need to study the specific social fabric- the
balance of power, the conflicts between the
main players and the rate of accumulation -
in concrete situations. Only integrating in-
ternal and external structures and mecha-
nisms we shall to understand “the particu-
lar” form of development.

2. This set of questions concerns the pat-
tern of international mobility in the modern
world [JANOS, 1997, 134]. By this is meant a
rate of growth that puts one society ahead of
others [in that way the latecomer should find
itself in the company of the better placed na-



tions of the core”]. Surveying economic his-
tory texts it seems to us, that mobility from
the poor to the middling and from' there to
the rich has been relatively limited. In
Angus Maddison’s sample of 56 countries, 9
of the 12 richest in 1820 were still part of the
12 in 1992. Bairoch’s sample of 24 European
countries shows that 8 from the top 10 in
1830 were the same in 1913 and 1950, though
with a turnover of 4 countries between 1950-
1975. [cited by JANOS, 1997, 135]. Some
new industrialising countries are naturally
moving upward, but as of 1995, they had no
entered the 25 of the top.

3. The rigidities of developmental re-
sources in the context of globalization makes
problemetization of the state and effective
state sovereignty rather complicated and
from our perspective the staté theory in ques-
tion must be able to handle the dynamic ele-
mients of the state action. We use parameters
which JESSOP [1990, 345] identifies as six
dimensions of the state. The first 3 are ‘for-

mal. institutional - dimensions which. corre-
spond to the ”organizationial form” of the s-

tate [a. forms of political representation,
b.the distribution of powers within the state
system, c. tools and means of intervention in
civil society and the economy]. The focus of
our presentation is around the strategic in-
dustrialization and therefore is on the 3 “be-
havioural or strategic” dimensions. These
are the aspects most important for the dis-
cussion of effective souvereignty [d. the char-
acter of the historic power bloc and the social
forces which support it, e. the way in which
the state apparatus is defined and unified in-
to a coherent frame and f. the manufacture of

ideology- the discourse]. The approach de-

monstated here generates those fundameéntal
dimension of the state which should be the
basis of understanding of the globalization-
national techinology policy interplay:

a) the nature of the hégemonic bloc and its
ability to articulate a hegemonic project,

b) the character of accumulation and the s-
tate’s ability to offer a compromise between
market playing and decommodification,

¢) community discourse which contributes
to configuration of rule-making authorities

and identity-building [HASLAM, 1999, 49].
The last point couldn’t be ignored as the ”d-
iffusion of authority” away from the national
governments towards supranational and lo-
cal authorities has been one of the funda-
mental changes in the international political
economy [STRANGE, 1996, 72].

4. Due to rapid international diffusion of
technologies, countries are becoming more
similar in terms of availability of infrastruc-
ture, marketing frames and distribution net-
works. Some new firms in the newly indus-
trialising economies emerge as full-fledged
international competitors and the intensity of
competition has also risen, setting higher s-
tandards for success [PORTER, 1986, 3].
Since the mid-80s, globalization of R+D con-
cluded to programs including access to R+D
personnel as well as exploit the cost differen-
tials [PRASADA REDDY, 1997, 1821]. The
NIEs becoming important targets of this new

localisation policies.

TNCs, -expectmg to derlve competmve ad-
vantage from their distinctive domestic envi-
ronment- historically, tended to confine R+D
to their home countries. At the time, when the
necessity arose TNCs performed some types
of R+D abroad -developing new products for
the local markets drawing on local technolo-
gy, to provide local technical services or to de-
velop products and processes for the regional
markets, as well. In this period some regional
clusters are also emerging. In the 80s the na-
ture of demand and increasing science base of
new technologies are leading to homogeniza-

tion of major international markets [at the

same time generating greater variety and frag-
mentation in other markets]. The result of

“ this restructuring is transformation of the tra-

ditional headquarters-subsidiary relationship
into a global intraorganizational network-
based management structure. ’

+ The key driving force for globalization of
R+D in the 1990s has been the increasing
demand for skilled scienctists. The existence
of international markets for research and ed-
ucation investments is leading the firms to
direct their investments to those geographi-
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cal areas which can best meet their research
and manpower needs. In the first wawe of
that locational competition TNCs recognize
the talent available in such countries - as
Israel, India and Brazil, and later -after 1989-
91- in Russia, Poland, Ukraine and Hungary
as well.

Different generations of internalization are
emerging [reformulating PRASADA. RED-
DY, 1997, 1824-25]:

a) beginning - of - the internationalization
[up to the 1960s],

b) growth of international corporate R+D
[the 1970s],

¢) trajectories from internationalization to
globalization of R+D [the 1980s],

d) evolving patterns of globalization [in the
1990s].-

Table 1 Foreign R+D locations and expansion strategies

S. Utilizing the PEREZ-SOETE [1988]
concept on “life cycles of technology sys-
tems” and. the PRASADA REDDY [1997]
generations [in his formulation ”vawes” the
next frames of interpretations emerge:

R+D in the new technologies is divisible in-
to subactivities, which can later be integrated 1o
result in final innovation. This new moment is
what enables joint R+D projects and technolo-
gy alliances. This also. means that R+D in new
technologies can be divided into “core” and
"non-core” activities. Multinational companies
can save on costs by locating some of the non-
core activities in low-cost countries and release
the resources in home countries for concentra-
tion in core activities. In contrast to earlier at-
tention paid to the firm size for R+D, critical
mass can be conceived in-our days in terms of
the size of the ”system”, needed to acquire the
knowledge; rather than the size of the firm itself
[MYTELKA, 1993, 703]. Using the classical
RONSTADT -type classification [1977] of

L Facilitating
Driving forces | Type of R+D | Forms of R+D factors
a) Up to 1960s Local markets Adaptation Own R+D Large markets,
abroad with - .. proximity to
manufacturing . production facilities
b) 1970s Market shares in Product Acquisition in Protected major
local markets, development own R+D and markets,
governmantal for local production . proximity to
policies markets units customers and
production facilities
c) 1980s Worldwide Product + process . Own R+D units, Information
learning + new development sponsor university . technologies,
technology . for global markets  research, flexibility to
inputs + basic research subcontracting - delink R+D
| : R+D
d) 1990s Access to scare Basic research Joint ventures, Dicisibility of
R+D and complex subcontracting R+D.into core
personnel and development own R+D and non core
the cost for global affiliates functions
problem: markets

l Source: modified after Reddy, 1997, 1826 |
|
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ALL PRODUCTS, %

Austria
Poland 211 1.0 4.1
Czech 15.2 5.9 3.8
Slovak. 104 75 135
Hung. 13.6 15.5 167
CEC4 29.6 3.2 2.9

22.2 33.2 59 '18.8
46 1.1 3.0 10.2
22.1 24 29 33
16.9 7.8 8.3 1.1
2.8 1.9 1.1 434

ELECTRICAL MACHINERY, %

Poland 18.8 ‘
Czech 26.9 23.4
Slovak. 11.8 21.6
Hung. 14.4 21.0
CEC4 42 1.0

T D [ Austia| laly | NL_| DK | France | EUTS |

65 1.0
29.2 2.4

0.3
25.8 22
02 0.2 5.9

R+D activities carried out abroad [Technology
Transfer Units, Indigenous Technology Units
{products for local markets}, Global
Technology Units {products and processes for
global ‘markets} and Corporate Technology
Units {generate basic technology}] it’s easy to
differentiate the effects on the host countries.
The ties are limited in the case of “simple” tech-
nology transfer [it involves only adaptation of
the parent’s technology to the local conditions].
The product development of the foreign firms
may have stronger ties with the local R+D sys-
tem [even they basically re-do the designs sup-
plied by the parent]. The GTU and CTU type
of activities and organisations have stronger ties
both to the local innovation system ‘'and the
global R+D networks. The less complex for-
eign research units mainly utilize the knowl-
edge already available within the local innova-
tion system. But this doesn’t mean that their
impact is hierarchical [that if they are more
complex, their impact is automarically
stronger]. The simpler cases are also impor-
tant, if the conversion of reseach results into
products occur at the same place, in the local
technological environment. And if the more
complex organisations are delinked from the
operations of production and diffusion, their
innovations are less likely to lead to production
related benefits in the host country.

Table 2 Proportions of OPT re-imports after processing in total EU imporls
from the GEE4 [%)], and absolute levels [ECU 100 million]. 1996
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SUMMARY: Considerations about actual trends into Globalization and Regionalization of
nations and the main fields of its influence — economy and finances, education, culture, sci-
ence and technology, communications . The creative Engineer as agent of nation’s transfor-
mation. Science & Tecnology — a powerful tool. The tendencies to graduate creative or op-
erational Engineers. Official and private organizations of Engineering Education. Inter-
national mobility of Engineers and the necessity of evaluation and accreditation of courses
and/or institutions of Engineering Education, and of professional habilitation.
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GENERAL CONSIDERATIONS

We live at the end of the second millenium
— an era that indicates a strong tendency to-
wards nations Globalization and Regionaliza-
tion. This evident tendency to Globalization
comprehends the removal of borders and bar-
riers of all order in our planet. Globalization
is preceded by a preliminary Regionalization.
Regionalization is nowadays a reality in sev-
eral parts of our Globe.

From the confrontation post-2nd World
War (1939-1945) between the two big blocks
of nations, leaded by the USA and the URSS,
called the ”cold war”, most recent events in
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this last ten years marked the end of the 20th
century we are living in: the sudden fall of
Berlin’s wall; the last soviet policies of ”glas-
nost” and ”perestroika”; the astonishing de-
molition of this regime and fragmentation of
the immense territory coordinated by the
Varsow Pact; the economic liberalization of
continental China; the political and econom-
ical reunification of the two Germanies.
These are some of the dramatic signs of the
era we are living in and that haven’t been al-
ready entirely absorbed and understood.

Between the reasons of the fall of these bar-
riers it is certainly the fantastic improvement
of communications, announced three



decades ago by Mc Luhan. It is becoming
every time more difficult to maintain men a-
part from each other, not to know the reali-
ties of other men, their dreams, successes
and frustrations.

Slowly, the global -village vision of
Galbraith is becoming materialized. A pro-
gressive and apparently inexorable Regionali-
zation — initially, by forming blocks of milita-
ry nature, as the NATO - North Atlantic
Organization Treaty and the Warsaw Treaty,
and afterwards passing by the recent changes
in the world’s political panorama - is concent-
rating its effects in the economic and financial
fields, with evident consequences on Educati-
on and Culture; Science and Technology;
Ecology; Work; Demography; Nutrition; Sa-
nitation and Health; Housing; Urbanization;
Social Ass1stance, Securlty, etc.

This tendency 1o, Reglonahzauon is. al-
ready present for some decades in Europe. As
Benelux, this tendency has covered Belgium,
The Netherlands and Luxembourg; later on,
as Buropean Common Market; has.enlarged
its frontiers and continue to flourish through
the most part of Europe.

-Nowadays, the economic and financial
hegemony - of north-Americans - and
Canadians, and their crescent influence in
fields of the science and technology,. culture,
politics, military — is a very sharp reality. In
opposition to this hegemony we can only ob-
serve other two important blocks, the
European Common Market and Japan with

its- Asiatic mates. In this context and from a-

long time ago it exists always a Third World,
with countries decided to maintain their indi-
vidualized nationality. Some of these coun-
tries, called Developing Countries - in oppo-
sition to-a less euphemistic denomination as
Underdeveloped Countries — have geopoliti-
cal characteristics which allowed them to feed
the pretensmn of preserve their national skills

and resist against the unrestricted and disfig--

uring overflow of Globalization . We could
list .some of this kind of countries: China,
India, and Brazil; for .instance. These coun-
tries, each ‘one for itself with geopolitical re-

markable characteristics, can count with
eventual ‘alliances with regional neighbor-
hoods or with mates of complementary re-
sources; in this case we could mention
Australia, South Africa, Pakistan, Mexico,
Argentina.

Countries with a lower geopolitical expres-
sion, but always with strong and deep na-
tional traces have to seek alliances, usually in
the same region, to become feasible in this
new and challenger Globalized World.

ENGINEER AS
AGENT OF TR;ANSFORMATION

Productlon factors are, as in the classical
theory:
— natural resources :
— capital or financial means.
— man or agent of transformation

Actually, a fourth and powerful factor was
added:
— science and technology

Globalization acts over all these factors,
and our attention in this paper shall be con-
ducted over the two last factors:

— Man - the agent of transformation

_— Science and Technology - the powerful

tool for transformation

Transformation agent for excellence, the
Engineer of Developing Couritries suffers the
specific deficiericies of Education in that
kind of country in which the absence of
means results in low comparative levels (rela-
tively with the more Developed Courntries) as
in the quantity as in the quality of graduates.

Some Developing Countries concentrate in a
few Universities, mostly officials, and their
main resources in Engineers formation of
higher level. In these Universities, and they are
usually in a very small number, Engineering
Education is doing in the total amplitude of:

— graduation courses;
— technological applied research (somenmes
also basic research); and
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— extension activities in a complete range of
courses and other activities for under-grad-
uate, graduate and post-graduate partici-
pants.

However, most part of Engineering Educa-
tion institutions are limited to graduation
courses and activities of actualization or
training, being quite unusual some research
activity. General deficiency on the quantity
of graduates in Engineering becomes already
worse in Developing Countries because of
the low percentage of better-qualified gradu-
ation courses.

In Brazil, Engineering graduation follows
two main tendencies, as well we have also ob-
served in some other Developing Countries .
A small quantity of better-prepared profes-
sionals is coming mainly from official
Universities, which promote creative capa-
bility of its graduates. The biggest part of
graduates has a limited capacity to create or
adapt new technologies to which they have
not been prepared; their capability is mostly
to operate, repair and maintain machines or
engineering systems.

THE DEVELOPING COUNTRIES’
CREATIVE ENGINEERS FOR A
GLOBALIZED WORLD

Some principles can be placed concerning
the formation and acting of creative Engi-
neers, considering them as essential agents of
the production of goods and services and for
the development of every nation.

The first step should be the establishment of
a common sense about the profile to fulfill
when we graduate an Engineer, especially if we
are thinking in a creative Engineer and, more
than that, if we intend to prepare a profession-
al to act in an international level. This is for it-
self a complex work, already ~more
difficult at the moment we pass from the na-
tional boundaries to the large horizon of the
entire world. Anyway, some indications we can
afford to mention, as the convenience of rein-
forcing in such a case of graduation, the basic
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subjects as Mathematics, Physics, Chemistry,
Drawing, as well as the modern 1nstruments of
Informatics.

A kind of international education means
also the enlargement of the cultural horizons
of Engineering students, with more learning
of Social Sciences, Economics, Sociology,
Legislation, Professional Ethics, Mana-
gement, Ecology and Sustainable Develop-
ment, Languages, History and Geography,
etc.

The general perspective of this kind of
Education is to reach a broader international
and regional knowledge, always preserving
and respecting local and national cultures
and traditions.

SCIENCE & TECHNOLOGY AND THE
WORK MARKET IN DEVELOPING
COUNTRIES

Globalization presents some perverse re-
sults to Developing Countries that must be
foreseen and controlled.

Globalization claims for new levels of com-
petitiveness and efficiency that pushed some
Developed Countries to privatize- large sec-
tors of activity, which were before linked to
the governmental structure. Several States
have diminished strongly their participation
on sectors of production and of services, con-
centrating their action in sectors considered
essentials to the national sovereignty and se-
curity, restricting itself to the normalization
and control of other activities of collective
interest.

In the domain of Engineering Education,
exists a large discussion about the State par-
ticipation in that activity - if the official ac-
tion should be limited to normalize and con-
trol private institutions, even eventually to
preview some financial aid, or if; apart of this
action, should the State maintain some high
level educdtional institutions directly linked
to the official structure - practicing gradua-
tion Education simultaneously with research



and activities of extension in its very large
spectrum (as before mentioned).

The target of this second policy should be
to guarantee the formation of Engineers ca-
pable to follow science evolution and the ad-
vances of the most recent technologies all

over the world, even if the most part of the

national professionals are limited to the oper-
ation, maintenance and repair of productive
systems or services. The existence in
Developing Countries of Centers of Excellence
in Engineering Education is relevant. The re-
duced capacity to invest in Science &
Technology in these countries should not ob-
struct them the possibility to count with cer-
tain number, even reduced, of educational
Centers of Excellence to prepare their leader-
ship in Engineering. A certain number of cre-
ative Engineers is always necessary to follow
the world evolution of advanced technolo-
gies, adapt it to the better national conve-
niences, even to create new technologies to al-
low every country advance in the general de

velopment ranking . :

Mobility of creative Engineers is very im-
portant. When creative Developing
Country’s Engineers stay in advanced scien-
tific and technologic centers of the world’s
most developed countries, they acquire pre-
cious knowledge and take back home this as-
sessment.

In the other hand, when foreign Engineers

come to work in a Developing Country bring-

ing more advanced knowledge and technolgy,
if there is a real transfer to the local Engineers,
enterprises and centers of Education and re-
search, this presence is also positive for his
host. Exchange should be encouraged and di-
rected to creative Engineers. Some control
may be necessary over the mobility, which
could affect the very sensitive internal techno-
logical work market in Developing Countries .

EVALUATION AND ACCREDITA-
TION & PROFESSIONAL
HABILITATION

It is to remark the importance of build in
every Developing Country a structure of

- Evaluation and Accreditation of its courses

and/or institutions of Engineering Educa-
tion and of the habilitation of Engineers to
practice the profession.

Some national systems of evaluation and
accreditation may serve as model to be adapt-
ed to the specific characteristics of other na-
tions, as it 1s the case of the oldest and expe-
rienced organization in this field, ABET.
Some countries work towards the creation of
their own system of evaluation and accredi-
tation, and we can mention, between
Developing Countries, Mexico — which sys-
tem is based in the American ABET system
with some improvements — and Brazil.

An important result of Globalization is the
necessity of more rigorous habilitation of
professionals to attend the crescent work
market exigencies . International accredita-
tion and professional qualification and habil-
itation are so related with the internal sys-
tems of evaluation and accreditation of
courses and/or institutions of Engineering
Education of each country and its equivalen-
cy and accreditation at international level, as
well the professional habilitation criteria of
every country.

An evaluation and accreditation interna-
tional system could be intended through a-
greements between nations and/or important
groups of Engineering Education institutions,
under the umbrella of a well known and pres-
tigious entity ( as UNESCO , WFEO ) as a
way and first step to attain an international
professional qualification and habilitation.
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REGIONAL AND NATIONAL RESPONSES TO GLOBALIZATION

Denmark

Research and Higher Education in Science and
Engineering: How Can They Support Economic
Development in Low Income Gountries?

Prof. Evik W. Thulstrup,
Department of Life Sciences and Chemistry, Roskilde University, Roskilde, Denmark

SUMMARY: Low income countries are increasingly aware of the power of modern, research
based technology, but its successful use is limited by a shortage of research trained manpow-
er. Therefore, higher education and research in natural science and engineering must be
strengthened in developing countries. Unfortunately, when such capacity building has been
attempted, it has often failed to support “real life” applications. Therefore a new capacity -
building strategy is proposed which, right from the beginning, emphasizes cooperation be-
tween higher education and industry. This way, university researchers will learn applied as-
pects of their science and industries may learn to appreciate the efficiency of research based
methods. The involvement of students through project learning is crucial and will, in addi-
tion, facilitate badly needed reforms of educational strategies.

KEYWORDS: Low Income Countries — Developing Countries — Higher Education —
Research Based Technology — University-Industry Cooperation — Capacity
Building — Higher Education Reform — Project Learning

(Thulstrup, 1994). In many countries the ca-
pacity within key science and engineering
fields is insufficient to support research-based
training of the needed manpower. Such coun-
tries are forced either to rely on foreign, re-
search trained experts or to send their own

RESEARCH AND HIGHER
EDUCATION CAPACITY BUILDING
IN DEVELOPING COUNTRIES

Partly as a result of the recent “globaliza-
tion” most developing countries have felt an

increasing need for access to modern, research
based technologies. Although such technolo-
gies are often for sale at affordable prices, their
successful purchase and use is dependent on
the availability of research trained manpower,
which is able to select, adapt, and further de-
velop the technologies for local use
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staff for research training in other countries.
Import of research trained manpower tends to
be very expensive, in many cases much more
expensive than similar services in industrial-
ized countries. Training of young researchers
from developing countries has often been suc-
cessful, but it is also expensive and not with-



out risks, especially in the form of brain drain
(Thulstrup, 1996).

Therefore, it is not surprising that both de-
veloping countries and many donors, inter-
national organizations, and development
banks give high priority to capacity building
within university education and research,
with the purpose of facilitating domestic, re-
search based training. For years, the subjects
favored have been health and agriculture; to-
day an understanding of the importance of
science and engineering fields that support
industrial development is slowly emerging -
clearly economic development in developing
countries can no longer be based on agricul-
ture alone. Typical components in higher e-
ducation and research capacity building pro-
jects include: Training of university staff,
construction of buildings for educational ac-
tivities, research, libraries, and administra-
tion, laboratories, educational and research
equipment, computers, and service facilities
for such equipment, funds for operation and
maintenance, textbooks, research journals,
and access to data bases and other communi-
cation channels (Thulstrup, 1996).

Unfortunately, some highly efficient, addi-
tional components are often not included the
projects, for example individual incentive
systems for university staff (especially fair
promotion rules and salaries, which make full
time work efforts possible). When in place,
such incentive systems may help ensure that
facilities and working time are used in the
most productive fashion possible. Also the
provision of monitoring and evaluation sys-
tems is essential, not only for the build-up
phase, but more importantly for the produc-
tive situation that is supposed follow after the
initial investments (Thulstrup, 1998a).

Among the components frequently miss-
ing are also renewal of educational strategies
and support for cooperation between univer-
sities and users of knowledge (industry). In
such projects the interdependence of re-
search and education is often overlooked and
the creation and the use of higher education
and research capacity are viewed as two com-

pletely separate activities. In most cases this
is an inefficient strategy. Industry in devel-
oping countries has generally a very limited
experience in the use of knowledge services
and may not be ready to use a newly created
research capacity. In order to promote eco-
nomic development university research ca-
pacity building projects may have to develop
a wider clientele for research based services
in the process, see for example Soewandhi
(1996). Outside clients may also make it pos-

‘sible to sustain research and higher educa-

tion capacity at an acceptable level during
periods of limited government and donor
support. Many examples exist of donor sup-
ported research capacity that has failed to en-
ter the productive phase outside education
after an otherwise successful capacity build-
ing period. In the following we shall see how
university-industry cooperation may help
sustain university research activities, con-
tribute to national economic development,
and, at the same time, renew higher educa-
tion in developing countries.

THE NEED FOR RENEWAL IN
HIGHER EDUCATION:
PROJECT BASED LEARNING

Higher education today takes place in
many different forms. Traditionally, the two
major activities are:

— Teaching (done by the teacher)
— Learning (done by the students, but often
by the teacher, too)

Clearly, the main purpose of education is
learning and not teaching. Teaching, howev-
er, is often considered a main remedy for
learning, although considerable evidence in-
dicate that very active teaching may reduce
both the time and the student attention
available for the more important learning
processes. The risk is greatest when the
teacher is placed in the center of the educa-
tional activities and directs these with little
insight in and regard for the learning
processes among individual students
(Thulstrup, 1998). There is today a wide-
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spread agreement that major educational re-
forms are needed in many countries and uni-
versities (World Bank, 1994).

In order to place the teacher in a more con-
structive role as "facilitator” for learning by
individual students, one may let the educa-
tional activities to depend on other factors, for
example an open-ended laboratory experi-
ment or the progress within independent stu-
dent work. An important example of the latter
type of educational activity is project-based
learning, in which students — often in small
groups — work on the solution of a specific
problem. Although project learning is not
new at universities - it is traditionally used in
connection with thesis research projects dur-
ing the final year of degree programs —a wider
use seems to offer highly relevant opportuni-
ties. At some universities project learning has
to a large extent replaced tradirional lectures
and ”cook-book” laboratory experiments and
is by many considered one of the most
promising renewals of learning strategies to-
day (Legge, 1997; Thulstrup, 1998b).

A key quality associated with project learn-
ing is that it provides the students with a
high degree of responsibility for their own
learning; the feeling of personal responsibil-
ity is one of the strongest motivational forces
available in the workplace. A comparable
feeling of responsibility can hardly be devel-
oped through traditional teacher centered e-
ducation (based on, for example, ”chalk and
talk”, memorization, and rote learning). The
direct, personal responsibility for outcomes
of project activities results in high levels of
student motivation and efficient learning
(Thulstrup, 1998b). However, educational
environments tend to be surprisingly conser-
vative and renewal in educational strategies
is often difficult to accomplish (Goodwin,
Miller, and Cheetham, 1991).

Among the learning outcomes, that may
result from project work, are (Thulstrup,
1998b): An ability to think independently
and to accept personal responsibility, flexi-
bility that makes it possible to adjust to and
work effectively under new conditions; expe-
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rience in the analysis and solution of specif-
ic problems within a given time-frame, in-
quiry skills and attitudes, experience in dis-
semination, interdisciplinary knowledge; in-
sight and interest in applied aspects of acad-
emic knowledge and in how industry func-
tions in real life. Project learning has an
added advantage in that the work form ap-
proaches conditions which students will ex-
perience after graduation. Project work may
often benefit in several ways from covering
themes. of direct industrial or societal inter-
est; this way it may even be possible to re-
place costly, traditional university laboratory
activities with work in industrial workplaces.

INVOLVEMENT OF STUDENTS
IN UNIVERSITY-INDUSTRY
COOPERATION

In the 1970s university teachers (more so
in science, less in engineering) preferred to
look at education, research, and science ap-
plications as three fairly separate activities,
as shown in Figure 1.

Today most university teachers, even in
the basic sciences, have realized both that e-
ducation and research are strongly interde-
pendent and that they overlap. strongly with
science applications, as shown in Figure 2.
At the same time industry has become in-
creasingly interested in academic research
and higher education.

Fig. 1. The Relation Between Education, Research and Applications in
the 1970s (Thulstrisp, 1999)

Education Research

Applications




There are several reasons for the increased
interest within industry, especially the fast
development toward more directly research
based technologies increasing the need for
in-service training of industrial staff as well
as for research and development projects.
The changed attitudes within Academia may
have more complex causes, including the re-
alization that financing of higher education
in many countries may benefit from the in-
troduction of paying customers in addition
to the state and young students (although the
stateis likely to remain a key sponsor in any
country). Universities with up-to-date re-
search activities in science and engineering
are able to produce a whole string of offers
relevant for industry as well as for the public
sector, including course activities, research
and development services, and technology e-
valuation' (Kornhauser,:1992). In addition,
the interest among academics for industrial
cooperation has been strengthened by the
obvious need to renew higher education and
by a better understanding of the strong in-
teraction between education and research
(Figure 2), especially that one of the main
outcomes of research, even in industry, is
learning.

Fig. 2. The Relation Between Education, Research and Applications in
the 1990s (Thulstrup, 1999)

Education Research

Applications

An important condition for successful uni-
versity-industry cooperation is the observa-
tion that bright and well-trained students rep-
resent a considerable, high quality work force,
one of the most valuable assets universities

have to offer industry. Although students may
learn effectively ”by doirg”, this should not
lead to exploitation. It is important that uni-
versities, when they become ”entrepreneur-
ial” (Clark, 1998), preserve solid academic
quality standards, also in their industrial co-
operation. Universities should not become
regular businesses (Thulstrup, 1999), student
learning must remain the key goal, and, for
example, excessive amounts of routine work
by students should never be accepted.

CONCLUSION

Research capacity building projects in devel-
oping country universities often fail to direct-
ly promote economic development, and the ca-
pacity created is often difficult to sustain in the
absence of “outside” clients. At the samie time,
university education is frequently inefficient,
and is constrained by insufficient resources. It
is therefore proposed that research and higher
education capacity building projects within
engineering and science are carried out in co-
operation with users of the relevant knowl-
edge, especially industry. This should be done
in such a way that the ability of the users to
benefit from research based knowledge is de-
veloped together with the strengthening of ed-
ucational strategies and research capacities at
universities. Students must be involved in the
industrial cooperation, if possible from year 1,
for example by replacing a considerable part of
the traditional course work with student group
projects carried out in cooperation with indus-
try and other potential customers for research
based services. Once the capacity to benefit
from knowledge services has been created in
industry, it will be expected to pay for these.
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"REGIONAL AND NATIONAL RESPONSES TO GLOBALIZATION

Mexico R

Steps to Improve Engineering Gourses in Mexico

Prof. Fernando Ocampo-Canabal

At the last years; the evaluation and ac-
creditation processes in Latin American
countries, have been object like a goal to in-
crease the quality level of higher education;
but certainly; these processes respond to the
demand. to have a professional more compet-
itives; also, because the professions play a vi-
tal leadership role in society, specially the
engineers: s

»As a dreamers, builders and creators, en-
gineers contribute to economic advance-
-ment, wealth generation and improvement
in the human condition trough the creative
application of science and technology in a lo-
cal, national and global context ™!

However, an important think related to
this citation, is coherence betwen the profes-
sional activities and: the educational .pro-
grams. But, what happened in higher educa-
tion in México?

The government scheme followed in our
country to certify the quality of educational
programs was suitable for the conditions un-
der which it was stablished, over time the ex-
pansion of the educational system and its
growing complexity, have created the neces-
sity of establish accreditation systems that ef-
ficiently respond to real educational require-
ments, and, of course, of a different type then
those employed by the government today.

1 Con ity Validated Elements of a Viriph Jor the Engineerig
Profession-CCPE :

In this way, the more important actions
was taken by the Ministery of Education and
presidents of Higher Education Institutions;
together took a resolution in the middles of
seventies established an organism to help in-
stitutions to develop plans: National Coordi-
nation for Plannihg Higher Education
(Coordinacién Nacional para la Planeacién
de 1a Educacién Superior - CONPES); after,
at the end of the eighties it was in advance in
the necessities of evaluation and accredita-
tion processes like a mechanism to increase
the quality in higher education: National
Commision for Evaluation of Higher Edu-
cation (Comisién Nacional para la Evaluaci-
6n de la Educacién Superior - CONAEVA),
and as a consequence was created the
National System of Evaluation of Higher
Education (Sistema Nacional de Evaluacién
de la Educacién Superior) with three differ-
ent functions:

— Institutional Self-Evaluation
— Evaluation of the Educational System
— Interinstitutional Evaluation

Initially the accreditation was responsability

of the ” Interinstitutional Committees for the

Evaluation of Higher Education (Comit,s
Interinstitucionales para la Evaluacién de la
Educacién Superior - CIEES), program found-
ed in 1991. But, other countries experiences
(ABET, CEAB) indicate the importance of the
participation of different sectors related to the
professional of enginneers (professional associ-
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ations), also the government and representative
sector from industry . This, constitute a reason
to put into operation a civil association whose
main objective is the accreditation. This civil
. associatiation, called the ”Engineering
Education Accreditation Board” (Consejo de
Acreditacion de la Ensefianza de la Ingenieria -
CACEID), was legalized on the fifth of July in
1994, and consequently as a legal organization.

1994 TO PRESENT
— ACTIVITIES OF CACEI

Before CACEI was established, some activ-
ities related to the purpose of its creation was
developed: a declaration from National
Association of Schools of Enginneering
(Asociacion Nacional de Facultades y
Escuelas de Ingenieria - ANFEI) related to
the importance and necessity to establish a
Mexican System for accreditation in engin-
nering , workshops sponsored by ABET to
promote the accreditation and experiences of
interinstitutional evaluation.

There are several important aspects, at the
same time interesting, wich should be men-
tioned regarding CACEI:

— The way in which it is incorporated, as it’s
members are representatives of the differ-
ent sectors related to the formation and
professional practice of engineers.

- The participation of ANFEI and the engi-
neers guilds through the associations of
professionals from different specialities.

— The Association objectives:

—~ To contribute to knowledge and im-
provement of the quality of teaching of
engineering in the public and private e-
ducational institutions in the country,
following a model that responds to the
needs of Mexico and to the engineering
practice conditions in the nation.

— To contribute to the establishment of pa-
radigms and engineering teaching mod-
els according to scientific advances and
the resources of professional practice, de-
rived both from the needs of the society
and those of future professionals. -
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— To contribute to improvement of the
quality of professional engineering prac-
tice.

— To inform educational institutions, stu-
dents, parents, employers and those in-
terested public and private bodies, about
quality of engineering teaching condi-
tions in the different schools of engi-
neering in the country. C

The first step, after the legal requirements
to establish the Association, was developing
a methodology. In this aspect, the previous
experiences in other contries, support from
ABET and its interest in developing accred-
itation outside of United States, was very im-
portant element to have a succesfull goal.

CACEI published a Manual in 1996; this
contents almost total aspects in accreditation
processes. At the same time was necessary
promote the ”Accreditation Culture”. AN-
FEI and CACEI took an initiative: accredita-
tion workshops; together realized in each re-
gion of country, seven of them. Also CACEI
offered workshops to training evaluators; at
this moment seventh have been realized.

The CACEI’s purposes, objectives, poli-
cies, method of evaluation, criteria and pro-
cedures, are similar to ABET.

By example, we can take the IVC.3.1. from
ABET General Criteria:

”one year of an appropiate combination of
mathematics and basic sciencies”

CACEI requirements, 4.10 (curriculum):

”...subjects must be covered in a minimum
of theoretical and laboratory teaching class
hours, according to the following chart:

Basic sciencies and mathematics - 800 hours™

Another important aspects from CACEI ,
is the participation in NAFTA negotiations.
The Mutual Recognition of Registered
Licensed Engineers by Jurisdictions of
Canada, the United States of America and



the United Mexican States Document.
Signed at Washington, D.C. the 5th of July,
1995 recognise CACEI as an official body for
accreditation in Mexico; also indicate:

”Substantially Equivalent Engineering

Program” means a non accredited program
which has been recognized by the CEAB of

CCPE, of ABET or CACEL

~ In other way, CACEI participate in the cre-
ation of an accreditation framework of engi-

neering programs and the development of an -

accreditation system in Latin American
countries.

The specific benefits will result from the
accreditation system in the Latin American
countries can be summarized as follows:

— Support the changes demanded by engi-
neering practice, nationally and interna-
tionally -

— Involving by engineers from industry, a-
cademia in the processes:

— Identification of engineering programs
which currently meet good quality educa-
tion standards.

— Provision of international recognition of

engineering education credentials thereby
improving the international mobility of
engineers.

— Increase the collaboration amongst engi-
neering organizations throughout the
Americas.

" Finally, as already mentioned, the action
of establishing an accreditation system for
engineering education, has a direct effect on
the quality of the programs and consequent-
ly on their professional performance.

In the case of enginnering, better program
quality will result in direct benefits for the
manufacturing and service sectors, given
that professional -engineers graduated from
accredited programs will generally perform
more efficiently than those who graduate
from non-accredited programs, This also
contributes to an improvement of the manu-
facturing systems, by increasing the efficien-
¢y of the operating systems of bussinesses,
and in general by increasing the quality of a
group of elements that form part of goods
and service producing companie’s activities,
making them more competitive with better
financial and operating conditions, as well as
providing greater benefits to society.
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REGIONAL AND NATIONAL RESPONSES TO GLOBALIZATION

Hungary

Specialised Engineering Fducation
and Globalization at the Faculty of Agricultural
Engineering at Goddlld University

Dr. Fdnos Beke and Dr. Auila Vs,
Godollé University, Hungary

SUMMARY: In agrarian mechanical engineering education the influences of globalization,
the social-economical changes and the institutional traditions have to be taken into consider-
ation at the same time. In reply to the effects of globalization a modular credit type education
system was developed including a standardised core curriculum. Negative impacts of the so-
cial-economical changes which took place in Hungary were compensated for by introducing a
new admission and preparatory procedure and also, a manifold professional education system.
According to the institutional traditions serving the technical development of the countryside

and educating the provincial intelligentsia are sustainable activities of the faculty.

KEYWORDS: Standardised Core Curriculum — Manifold Professional Education
— Admission and Preparatory System — Credit Type Education

— Engineering Education

PRELIMINARIES

The history of the Faculty of Agricultural
Engineering can be divided into two main
periods. In the first period only agricultural
mechanical engineers were instructed. The
main task was to establish and manage the so
called agricultural machine centres. These
depots concentrated the limited agricultural
machines and instruments available and
guaranteed the technical infrastructure for
the socialist co-operatives. These co-opera-
tives acquired their own machines at the be-
ginning of the sixties and the mechanical en-
gineers who graduated from our faculty pro-
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vided the technical management. The facul-
ty became the dominant institute of the agro-
mechanical profession, furthermore its edu-
cation and research activity had a high inter-
national reputation. Specialists graduated
from the faculty played leading roles in the
mechanisation of agriculture and in regional
development. The reason for this significant
development was that, in spite of the strong-
ly centralised education policy, a continuous
curriculum development took place. In this
way it was able to avoid the usual difficulries
of short-sighted educational policy and it
was able to predict the likely direction of de-
velopment.



THE CHALLENGES

The most significant reappraisal resulted

from the social and political changes in 1990, .

marked the second major period for our fac-
ulty. The impacts which directly influenced
higher education at this time came partly
from international globalization, and partly
from the Hungarian social-economical
changes. It must be stressed that the agro-
mechanical engineering education was the
most radically affected by the general inter-
national tendencies and by the special
Hungarian circumstances.

The international effects:

The international effects can be divided
into three groups:

— Information shock: The information revo-
lution modified our whole life. Learning
and working could hardly be separated, the
characteristic difference between teacher
and student partly disappeared.

— Globalization shock: In Hungary a multi-
national economical sphere has been estab-
lished. In the higher education, corre-
sponding to the international trends, de-
mands of international equivalency of de-
grees and standardisation of curricula have
arisen. At the same time the government
gradually cut the educational budget,
which led to a risk of reducing the educa-
tion standard and its infrastructural facili-
ties, and increased the undesirable brain
drain phenomena and reduced the avail-
able choice of lecturers.

— Civilisation shock: The accelerating obso-
lescence of knowledge caused feelings of
uncertainty, while the qualification and
creativity have increased in importance.

National effects:

Special n_atiohal effects can be evaluated on

one hand as natural consequences of the so- .

cial changes, on the other hand as impacts of
official political decisions. These effects can
be divided into at least four groups: =
— Change of paradigm in economics and pol-

itics: The paternalistic attitude, which was

customary over fourty years, lost its validi-
ty at a stroke. Higher education was aban-
doned, because the government was ex-
hausted from its political skirmishing and
from starting the privatisation process and
from this point of view, higher education
as a long-term investment was not consid-
ered. Although management in the insti-
tutes of higher learning were fully aware of
the international challenges, they could
only partly respond to them, because of
lack of finances. Consequently contraselec-
tion and brain drain began.

The land as a political consideration: The
land — and with it the whole of agriculture —
has emerged as one of the most important
political issues. The first aim of the politi-
cal regime which came to power demol-
ished the large-scale socialist co-opera-
tives as the typical symbol of the former
communist authority. These measures
might have been -justified in political
terms, but they caused immense damage
in economics and in agricultural higher e-
ducation. The conditions for efficient a-
gricultural production were removed and
agricultural higher education became ap-
parently redundant. It is true that family
farms with only a few hectares do not re-
quire qualified mechanical engineers of
the classical type.

Non-homogeneous economical develop-
ment: Under the conditions of a non-con-
trollable and territorially uneven economi-
cal transformation the most important task

~ for people was to acquire property. This
_kind of activity needed first of all legal, fi-

nancial and economical knowledge but it
led to a devaluation of engineering. While
it is important traditional agrarian me-
chanical erigineering education is based in
the countryside, the disadvantageous in-
fluences of the social changes, such as the
uncertainty of basic income and an un-
stimulating environment in the country-
side, significantly hindered our education

‘activity.

Non-uniform system of secondary educa-
tion: The formal uniform system of sec-
ondary schools fell apart. The number of
secondary schools doubled and their teach-
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ing standard became extremely heteroge-
‘neous. The level of education definitely
dropped, particularly in the provincial
schools. Preliminary training of many can-
didates was so low that it made it impossi-
ble for them to take on the essential knowl-
edge of engineering. ' :

THE SOLUTIONS

It is unquestionable that the agriculture and
the rural engineering need mechanical engi-
neers with biological and economic knowl-
edge for now and for the future, but approxi-
mately half of the agro-mechanical engineers
who graduated before 1990 found their ca-
reers outside classical agricultural production
and this proportion has grown to about 90%
in the nineties. At the same time agricultural
production as well as the manufacturing of

Fig. 1. Gurriculum structure in the branch of agrarian mechanical
engineering )

agricultural products, food industry, materials
handling and packing, logistics, production-
type services, rural engineering, maintenance
and development of infrastructure, technical
requirements of administration, reconstruc-
tion of industry, development of information
technology, or trade of production imple-
ments have brought about new challenges and
new opportunities for employment.

The main challenge is to give a high-level
basic education which makes students capable
of obtaining special knowledge prerequired
by the current economic conditions. The first
task of establishing a curriculum which meet
the above expectations is degree equivalency,
which means double task. On the one hand
the experience of international higher educa-
tion should be taken into consideration, and
should also meet the expectations o6f some in-
ternational consortia e.g. ECTS (European
Community Course Credit Transfer System);
on the other hand, reasonable discussion
should be undertaken between the Hungarian
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universities. Add1t1onally these factors need
to be implemented in keeping with national
and institutional traditions.

All of these require improving pure and
apphed scientific education and also eco-
nomic and management knowledge, and ad-
dmonally the human disciplines, enhancing
the sense of intellectual vocation. The time
which is used with more or less restriction
by students ‘according to their professional
interests, is a sighificant part of the total
course duration (different skill studies, sem-
inars, language courses, etc.). The pure and
apphed scientifi¢. disciplines became of in-
creasing importance together with economic
knowledge (Figure'1). As a result of improv-
ing the scientifi¢ educanon also, spec1ahsed
teaching belongs to the engineering tech-
nologies to promote the convert1b111ty of
knowledge. and opportunmes for employ—
ment (see Fzg 1 )

Teachxng of the core currlculum takes
place in the first seven semesters, this is fol-
lowed by the professmnal education perlod
which is at least three additional sémesters.
The courses which are relevant to the diplo-

Fig. 2. Dropout situation at the branch of agro-mechanical engineéﬁng

ma project are taken in close co-operation

with a department. The Special Knowledge

of Mechanical Engineering consists of the

following specialisations:

— Agricultural Production Technology and
Maintenance

— Production and Product Design

— Food Processing Technology

— Technical Economy and Management

— Rural Engmeenng

~ Service Engineering

— Environment Protection Engmeermg

— Human Settlement Engmeenng

— Automotive Technology

- Log1st1cs v

— Engineering Mathemaucs

Students must. study prescnbed curricu-
lum, concermng the selected specialisation,
and work in a scientific research/develop-
ment laboratory of the Umver51ty or at an-
other institution under the superv131on of
the’ department and must develop thelr
diploma projects using this éxpérience.
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In order to address the special influences
of the social changes in Hungary the follow-
ing fields of activity were highlighted:

~ Education should meeting the social and e-
conomical expectations: As a result of a
continuos development today the course
content of the branch of agrarian mechan-
ical engineering has transformed com-
pletely. The solving of theoretical and
practical technical problems concerning
regional development, rural engineering
and environmental protection now have
more and more importance, including en-
vironment, service and human settlement
engineering. Nowadays, it is the technolo-
gy-development engineers who graduate
from the faculty and who create the basis
of the provincial intelligentsia.

— Increasing the openness of education: After
1990, first of all as a result of the official
policy in connection with agriculture, the
interest in agrarian mechanical engineer-
ing education severely diminished. In or-
der to compensate for this disadvantageous
trend and to improve the openness of the e-
ducation the admission’s system followed
by the faculty was modified. The tradition-
al entrance examination was dropped and
candidates were ranked on the basis of their
secondary school results. In practice the ad-
missions procedure was extended over the
first semester, because the newly enrolled
students got a whole semester instead of an
entrance examination of 20-30 minutes to
prove their ability in fulfilling the educa-
tion requirements. This is the positive side
of this method. To be honest this proce-
dure makes the first semester overcrowded,
furthermore the acceptable number of stu-
dents is limited by the capacity of the insti-
tute and by the prescriptions of Ministry of
Education. Besides, instead of input-con-
trol now output-control had to be intro-
duced. This means more candidates were
allowed to enroll, but the education re-
quirements were maintained at the original
level. Consequently, the dropout rate of
students increased dramatically (see Fig. 2).

-- Promoting remedial and preliminary train-
ing: Candidates not fulfilling the admis-
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sion requirements and students who drop
out get the chance to attend a preparatory
course. Within this framework they can
breach their gap in the entrance subjects,
specially in Mathematics and Physics. The
course content and the examination criteria
are determined by lecturers of the faculty.
The course results are taken into consider-
ation during the admissions procedure.
Depending on the student’s decision, the
secondary school results in Maths and
Physics can be substituted with course re-

sults, or the closing examination of the.

preparatory course may function as an en-
trance examination. Besides the subject
Communication Knowledge taught during
the preparatory course gives the possibility
for some career orientation and to improve
the students’ communicative skills.

CLOSING REMARKS

In order to achieve the results of informa-
tion technology the general professional liter-
acy was increased, especially in computer sci-
ences, in linguistic education and in creativity.

To meet the needs of globalization a flexi-
ble modular curriculum was developed. The
core curriculum was standardized and in or-
der to make the acquired knowledge transfer-
able a credit system type curriculum was de-

veloped. By introducing standardized mod-

ules of subjects the obtained knowledge can
be credited which makes possible student
mobility between universities of a similar
profile. In response to special circumstances
in Hungary a new admission and preparatory
system was introduced, taking the territorial-
ly uneven economical development of the
country into consideration. Manifold profes-
sional education was built on to core curricu-
la so that the thorough grounding of graduate
agrarian mechanical engineers fully meet the
economical and social expectations. Unfor-
tunately Hungarian higher education is un-
der-financed even when compared to the na-
tional GDP, and due to this pressure it is not
easy to realize the curricula development de-
scribed above. ‘ :
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